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Foreword

The World Bank has a long history of helping countries build science,
technology, and innovation (STI) capacity. In the 1970s and 1980s, the
World Bank worked on STI programs with emerging economies such as
Hungary, Indonesia, Israel, the Republic of Korea, Mexico, and Spain. In
the 1990s, the Bank had active STI capacity building programs in Brazil,
Chile, China, India, and Mexico, among others. More recently, the list of
countries with active STI capacity building programs has expanded
dramatically. In addition to a continuing engagement with China and
India, the Bank began developing STI capacity building programs in such
diverse countries as Argentina, Botswana, Kazakhstan, Nigeria, Rwanda,
Uganda, and Uruguay.

In July 2002, the World Bank presented a report to its Board of
Executive Directors entitled, “Strategic Approaches to Science and
Technology in Development,” which reviewed the World Bank’s experi-
ence in promoting science and technology (S&T) capacity and outlined
an agenda for action. It noted the following:

Science and technology have been central in the progress made to date in
the fight against poverty and in stimulating economic growth. Today,
however, the accelerating rate of progress in science and technology cre-
ates both tremendous opportunities and significant risks for developing
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countries. A lack of capacity among some developing countries to even
access and utilize advances in S&T has prevented them from capturing the
benefits of S&T that have become commonplace in the rest of the world.
To date, the cost to developing countries of low S&T capacity has been
confined mostly to lost opportunities, such as in the failure to capture the
benefits of the Green Revolution in Sub-Saharan Africa. In the future,
active threats to, inter alia, food safety, natural capital, and human health
will join lost opportunities in comprising the full costs of inadequate S&T

capacity [World Bank 2002, Executive Summary, v].

The report concluded, “The World Bank should be ready to play an
appropriate role along with partner agencies in responding to the height-
ened demand for S&T-related services in this new environment of S&T
prioritization” (World Bank 2002, v).

The Global Forum on Building Science, Technology, and Innovation
Capacity for Sustainable Growth and Poverty Reduction, the February
2007 event underlying this report, is part of the Bank’s efforts to respond
to this heightened demand for S&T-related services.

But what exactly do we mean by STI capacity building and why is it
relevant to the task of reducing poverty, generating wealth, and achieving
the Millennium Development Goals (MDGs)? In his opening keynote
remarks, Professor R. A. Mashelkar observed that STI usually stands for
“science, technology, and innovation.” Mashelkar suggested that it should
also stand for “solve, transform, and impact.” Seen from this vantage
point, STI capacity building is not about supporting scientists in labora-
tories who are working on theoretical scientific problems such as the
origins of the universe. Rather, it is about building STI capacity to
complement the Bank’s poverty reduction agenda.

As speaker after speaker at the Global Forum explained and illustrated
with detailed case studies, STI capacity building is about building the
technical, vocational, engineering, entrepreneurial, managerial, and
scientific capacity to solve each country’s pressing social and economic
problems, transform their societies, and have a positive impact on the
standards of living and quality of life of the poorest strata of society. In
other words, it is about building the capacity to deliver clean water to
rural villages, add value to natural resources so that subsistence farmers
can generate cash incomes for their families, and help local industries
compete in an increasingly competitive, open market.

Seen from this perspective, STI capacity building is an indispensable
tool for promoting sustainable, inclusive globalization.

The cases from the Forum presented here capture the lessons from
the STI capacity building experiences of both developing and industrial
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countries—governments working in partnership with the private sector,
nongovernmental organizations, academia, and development partners.
These cases highlight ways that STI capacity building programs have
enabled countries to achieve the following:

¢ Provide essential services, such as access to clean drinking water in rural
villages and availability of affordable, reliable energy sources

e Exploit opportunities to produce higher-productivity, value-added
agriculture crops

¢ Transition from exporting unprocessed raw materials to exporting
value-added products and from low-skilled assembly operations to
higher-skilled manufacturing processes

¢ Create benefits from an increasingly open trading system and increased
flows of foreign direct investment (FDI) by proactively generating
spillovers to the local economy

¢ Maintain competitiveness in a rapidly changing global economy
marked by rapid technological change

History suggests that these challenges are daunting, but they are not
impossible to overcome. Many countries have managed to build the STI
capacity they needed to thrive and prosper. So that other countries may
profit from lessons learned, the Global Forum discussed what these
countries achieved and how they achieved what they did.

The collective task is to help countries convert these lessons of
experience into specific STI capacity building programs that can be
implemented on the ground and that will have a significant, measurable
impact on people’s lives. A country’s development must include a
foundation of universal primary education and access to quality lower-
secondary education. But meeting the MDGs, competing in a global
economy, and providing high-wage jobs will entail STI capacity building
as well. This capacity building will require targeting investments in edu-
cation and training, improving research and development, supporting
industrial innovation, promoting lifelong learning, and fostering policies
for an enabling environment to create and apply knowledge, and private
sector development.

The World Bank is poised to scale up its STI capacity building sup-
port based on the many excellent ideas discussed at the Global Forum.

Joy Phumaphi
Vice President

Human Development Network
The World Bank
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PART |

Introduction and Background

The World Bank convened a Global Forum in Washington, DC, on
February 13-15, 2007, to discuss strategies, programs, and policies for build-
ing science, technology, and innovation (STI) capacity to promote sustain-
able growth and poverty reduction in developing countries.! The Global
Forum was sponsored by the World Bank in cooperation with the Canadian
International Development Agency (CIDA), the United Kingdom’s
Department for International Development (DFID), the Global Research
Alliance (GRA), the Inter-American Development Bank (IDB), the Science
Initiative Group (SIG), the United Nations Conference on Trade and
Development (UNCTAD), and the United Nations Educational, Scientific,
and Cultural Organization (UNESCO).

The principal theme of the Global Forum was that in today’s increas-
ingly competitive global economy, science, technology, and innovation
capacity building can no longer be seen as a luxury, suitable primarily for
wealthier, more economically dynamic countries. Rather, if developing
countries hope to prosper in the global economy, and if world leaders
expect globalization to foster sustainable development and sustainable
poverty reduction, STI capacity building is an absolute necessity. In today’s

1 Videotapes of each presentation, synchronized with the PowerPoint slides used during
that presentation, are available on the Global Forum Web site at www.worldbank.org/
stiglobalforum.
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rapidly changing global economy, the critical economic development issue
is no longer whether countries should build STI capacity but what type
of capacity to build and how to build it, given each country’s economic
constraints and starting point.

With this in mind, the principal objectives of the Forum were to
achieve the following:

e Understand the STI capacity building processes that are under way in
different countries

¢ Share lessons of experience in building STI capacity, see which STI
capacity building programs are working effectively and which are not
generating the desired outcomes, and understand some of the reasons
behind these disparate outcomes

e Build government capacity for STI policy making and enhance donor
capacity to design successful STI capacity building projects

¢ Discuss how donor organizations could work together under the aus-
pices of the Paris Declaration on Aid Effectiveness® and other similar
international initiatives to improve their STI capacity building part-
nerships with developing countries

The Forum was organized around case studies of specific STI capacity
building initiatives in developing countries. The speakers, by and large,
were “thoughtful doers” who had actually designed, implemented, and
managed STI capacity building programs. The Forum focused explicitly
on issues of “how to build STI capacity”; rather than on questions of why
building STI capacity is important or whether countries should build
STI capacity. Each speaker was asked to explain what his or her case
study accomplished, how it achieved its objectives, why it succeeded or
failed, and what lessons of experience could be applied, with suitable
modifications to accommodate country and cultural specifics, to future
capacity building programs in other countries.

The Forum focused on the following specific issues and themes:

® Reducing poverty and achieving the Millennium Development Goals
(MDGs). What specific STI capacity building programs can help coun-
tries improve the quality of life—improved health care delivery, access
to clean water, access to affordable energy, and so on—for people in the

2 The text of the Paris Declaration is available at http://www1.worldbank.org/harmo
nization/Paris/FINALPARISDECLARATION.pdf.
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poorest strata of society? Why is it that existing proven technologies are
frequently not adopted by people who presumably would benefit most
from these technologies? What do the local communities know that
engineers and scientists often overlook, and how can local opinions, per-
spectives, and views be incorporated into the STI capacity building
process and into technology development and diffusion processes?

Three aspects are frequently overlooked in building the capacity of
local communities to apply science and technology (S&T) to local
problems. First, local communities must be active participants in the
technology development process and not merely passive recipients of
technology developed for them by outsiders. Second, entrepreneurship
and marketing skills are critical but often overlooked capacities
required for successful diffusion of appropriate technologies. Without
them, technically superior solutions will not be widely adopted and,
therefore, will be of little use. Finally, STI capacity building must fit
into broader efforts to build the productive capacities of countries.
Productive capacity puts STI capacities into use. Without this demand,
increasing the supply of appropriate technologies and technically
proficient workers will have little lasting impact. Local involvement,
entrepreneurship, and effective demand may seem like commonsense
ingredients, but experience suggests they are frequently overlooked, to
the detriment of effective STI capacity building efforts.

Adding value to natural resource exports. Although it may seem para-
doxical at first, many economists consider an abundant supply of natural
resources to be a potential curse—slowing growth, hindering economic
diversification, and limiting the effectiveness of government capacity
building efforts. For many countries, especially those whose exports con-
sist primarily of unprocessed raw materials, this has indeed been the case.

Yet research demonstrates that natural resource endowments do not
automatically inhibit economic development (Lederman and Maloney
2007). On the contrary, countries can grow and prosper by adding
value to their natural resources before they are exported and by build-
ing the STI capacity to compete effectively in the more knowledge-
intensive segments of the natural resource value chain. Finland, for
example, is a major exporter of knowledge- and skill-intensive forestry

w

Productive capacities can be defined as “the productive resources, entrepreneurial capa-
bilities and production linkages which together determine the capacity of a country to
produce goods and services and enable it to grow and develop” (UNCTAD 2006, 61).
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sector products (fine paper, pulp and paper-making equipment and
process control systems, engineering services, and so on), but not of
unprocessed or semiprocessed round wood or lumber. To escape the
natural resource curse, countries have to build appropriate STI capacity
so that local enterprises have the ability to produce and export more
knowledge-intensive goods and services and workers have the skills to
perform more complex tasks.

What are successful strategies that countries and companies can
pursue to add value to natural resource exports? What STI capacities
are needed to produce more knowledge-intensive, resource-based
goods and services? How can exporters build linkages to customers
and supply chains? How can public-private partnerships (PPPs) and
technology research institutions work with domestic firms to find and
adopt foreign technologies?

Upgrading technology and capturing the latecomer’s advantage. Today’s
developing countries, by definition, are latecomers. Other, more devel-
oped countries, managed to gain a head start and develop earlier. But
this does not mean that developing countries are doomed to fall pro-
gressively further behind. Countries can narrow the gap and perhaps
even catch up if they learn how to convert their latecomer status into
an advantage. For example, latecomers do not have to invent most of
the production or process technologies they will be using. Nor do they
have to start with the oldest technology and follow the same historical
progression that more advanced countries followed. They have the
potential to leapfrog and move directly to more advanced technologies.
This rapid technological progression entails building the domestic
capacity to find existing technologies, adapt them for local use, and
incorporate them into the production process.

How do firms and countries catch up to technological leaders? How
do they learn? Perhaps even more important, how do they learn to
learn? And what can they learn from the historical lessons of experi-
ence of countries, sectors, and enterprises that have successfully learned
to catch up?

Over time, different countries have developed a variety of strategies
for accomplishing these objectives. Some have relied on foreign direct
investment (FDI) as a source of technological and market information.
Spillovers from FDI do not happen spontaneously and automatically,
however, and local enterprises frequently do not have the financial
resources or technical capacity to exploit these opportunities. They



Introduction and Background 5

need assistance in the form of PPPs. These partnerships can take the
form of supplier development programs that are designed to help local
enterprises become qualified suppliers to transnational corporations
(TNCs). Or they can take the form of Government Research Institutes
(GRIs) and Engineering Research Centers (ERCs), which perform
generic technology search, adaptation, and development tasks for all
the enterprises in a specific sector.

The role of research and development (R&D). The vast majority of
technologies required to reduce poverty, add value to natural
resources, and upgrade the technological proficiency of local industry
have already been invented. They are typically in widespread use in
many industrial countries. The problem is that these technologies are
not widely used in many developing countries. This problem suggests
that the major STI capacity building task entails building the
developing country capacity to use existing technologies. For the most
part, this requires developing engineering, technical, and vocational
skills, rather than conducting frontier-level R&D.

However, this does not mean that there is no role for R&D in devel-
oping countries or that these countries should not devote any resources
to building their R&D capacity. It simply means that building R&D
capacity, by itself will not solve many of the most pressing develop-
ment challenges facing these countries.

What R&D capacity, then, should be built, especially at the early
stages of development? How can this R&D capacity complement univer-
sity science and engineering education and training initiatives? How can
this R&D capacity be harnessed to solve the country’s economic devel-
opment challenges? What can be done to improve the quality of existing
R&D capacity and to establish regional or international centers of excel-
lence? Can building high-level R&D capacity help to reverse the brain
drain and engage the skills and energy of the diaspora? Last but not least,
how can countries with limited numbers of university professors and sci-
entists join together in multicountry R&D capacity building initiatives?

Gender. STI capacity building programs have important gender
dimensions and implications. For example, it is important to ensure that
boys and girls, men and women, have equal opportunities to study math
and science, engineering, and other technical and vocational subjects.
However, equal access to education and to scientific careers is only one
facet of the gender dimension of STI capacity building. It is just as
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important to ensure that STI capacity building programs improve the
lives of the least advantaged members of society. This will not happen
automatically. It will require a conscious effort, along the lines specified
by the United Nations’ Gender Advisory Board and other organizations
and declarations focused on the gender issues surrounding STIL.

Key Messages from the Forum

A number of key messages emerged from the case studies presented at
the Forum. These include the following:

o STI capacity building is not a diversion from poverty reduction and

the MDGs; it is an essential tool for achieving the MDGs and reducing
poverty. As the speakers in two sessions—Building Local Capacity for
Developing and Diffusing Appropriate Technologies and Building STI
Capacity to Add Value to Natural Resource Sectors—observed, coun-
tries cannot hope to achieve the MDGs if they do not have the scien-
tific, engineering, and technical or vocational capacity to handle such
mundane but necessary tasks as repairing farm machinery or testing
drinking water. Talking about the MDGs without helping countries
develop the technical, vocational, and scientific tools that they will
need to achieve these goals is a futile exercise. Progress will be neither
sustainable nor inclusive. Building STI capacity is therefore as essential for
low-income countries as it is for middle-income or wealthy countries.

Building STI capacity for growth and poverty reduction is not about theoret-
ical, abstract scientific research. As R. A. Mashelkar observed in his
keynote address, STI must stand for “solve, transform, and impact.” Seen
from this vantage point, STI capacity building must not be about sup-
porting scientists working on abstract scientific problems such as the
origin of the universe. If that were the case, STI capacity building would
be a distraction from the Bank’s poverty reduction agenda. Instead, STI
capacity building must be about building the technical, vocational,
engineering, entrepreneurial, managerial, and scientific capacity to solve
each country’s pressing social and economic problems, transform their
societies, and have a positive impact on the standards of living and quality
of life of the poorest strata of society. Seen from this perspective, build-
ing STI capacity entails supporting scientists working on applied research
topics as well as training engineers, technicians, and craftsmen to con-
struct infrastructure projects or to work in innovative private enterprises.
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o The capacity to absorb and diffuse existing knowledge is at least as
important as the capacity to produce new knowledge. As Calestous
Juma observed in his keynote address, which closed the Global
Forum, the challenge for developing countries is not to push themselves
onto the frontiers of scientific knowledge, but rather to put readily avail-
able knowledge to use solving pressing social and economic problems. In
other words, innovation is frequently independent of new frontier scien-
tific discoveries. Innovation more frequently entails building the capacity
to use technologies that are in widespread use elsewhere but that are
new to the country, new to the firm, or used in new ways. To facilitate
this type of innovation, countries must build the capacity to find,
absorb, and use these technologies. Many of the speakers in the session
on Leveraging FDI for Technological Learning and Supplier Develop-
ment and Fernando Chaparro in the session on Building R&D Capacity
in Developing Countries explained how individual countries build the
capacity to find existing knowledge and transfer it to private enterprises.

o Committed, capable national leadership with coherent STI capacity
building policies is an absolute necessity. STI capacity building is not a
laissez-faire process. This is as true for China and the Republic of
Korea as it is for Mozambique and Nigeria. The government has an
important role to play in setting the agenda, mobilizing resources,
and developing and implementing coherent STI capacity building
programs. Because STI capacity building is a crosscutting issue, tran-
scending sectoral and ministerial boundaries, committed national
leadership will be required to overcome turf rivalries and induce
ministers to think outside their silos. The ministers of science and
technology speaking at the Forum reinforced this message based on
their own experiences using STI—successfully and unsuccessfully—to
advance national social and economic goals.

e Basic literacy is essential, but it is not sufficient. As Paul Wolfowitz,
World Bank president, observed, and as the panelists in the session on
Building R&D Capacity in Developing Countries reiterated, developing
countries will not have the capacity to address their social and eco-
nomic problems if they focus only on basic literacy to the exclusion of
secondary and tertiary education. Strengthening higher education,
along with technical and vocational education, is essential for creating
a globally competitive economy. A country with primary education grad-
uates will be able to compete only on the basis of unskilled, low-wage
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labor. By definition, this is not a path to sustainable development,
poverty reduction, and steadily rising standards of living.

The centrality of women to poverty reduction means that STI capacity
building should target gender disparities in strategies to achieve the
MDGs. As the speakers at the Gender Session observed, the driving
issue is no longer gender equity, per se, but inclusion in the sense of
mainstreaming gender considerations into all aspects of S&T capacity
building for sustainable development. The case studies discussed at
the gender-focused session of the Forum describe the obstacles to
poverty alleviation presented by gender disparities and explain how
S&T programs targeted toward marginalized groups, including women
in many countries, can lead to significant poverty reduction. Ensuring
that everyone in society (men as well as women) has access to quality
S&T education and training and career opportunities is, therefore,
essential and smart public policy.

STI capacity building is about much more than high tech. High-tech
industries—electronics, computers, and so on—are not always synony-
mous with high value added, high wages, and rapid growth. On the
contrary, developing countries may get more development “bang for the
buck” by helping low-tech but knowledge-intensive sectors, such as hor-
ticulture and food processing, become more competitive and innovative
than by trying to compete in a few high-tech niche products and indus-
tries. All too often policy makers, however, tend to view high tech as the
surest route to competitiveness and prosperity. They mistakenly devote
considerable resources to building the STI capacity needed to support a
small high-tech sector while ignoring the STI capacity building programs
that are needed to support the potentially much larger non-high-tech
part of the economy. However, these non-high-tech industries may be
precisely the ones that generate the greatest social and economic returns
to STI capacity building. Speakers in the sessions on Building STI Capa-
city to Add Value to Natural Resource Sectors and Leveraging FDI for
Technological Learning and Supplier Development discussed ways that
some countries were able to develop programs to increase the knowledge
intensity and value added of these low-tech sectors.

Regional initiatives are an important component of STI capacity
building. As Phillip Griffiths, Wole Soboyejo, and Jeffrey Fine all
pointed out, it may not be feasible or desirable to establish duplicate
STI institutions in each and every country. This is especially true in
regions that have large numbers of smaller countries with limited STI
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capacity. The trained manpower may simply not be available. Expensive
facilities may lie idle for long periods of time. Instead of spending money
on what could turn out to be underutilized, duplicate, poorly staffed
facilities, countries may be able to reap substantial economies of scale
or financial savings by banding together to support regional STI capac-
ity building initiatives that complement national STI capacity building
programs. These initiatives can include regional initiatives to support
specialized R&D facilities, train scientists and teachers, or support
specialized graduate science and engineering programs.

As Sonia Plaza noted, however, regional initiatives will require new
funding modalities by the World Bank, regional development banks, and
bilateral development partners. Most capacity building programs focus
on bilateral funding arrangements between the funding organization, on
the one hand, and government agencies, on the other. Adapting these
existing business modalities to finance regional initiatives will require
new ways of doing business. This will be a critical challenge for the future.

o Centers of excellence do not have to be only brick-and-mortar institu-
tions. As Claudio Wernli reported, centers of excellence can be virtual
institutions, encompassing networks of scientists from different institu-
tions in the same country or even from different countries. The
important point is that scientists join forces to work on a common set
of problems. Physical facilities to support the work will undoubtedly be
required. But this is not the same as expecting that every scientist and
researcher affiliated with a center of excellence has to reside in the
same place or work in the same laboratory. Nor does it mean that only
those scientists affiliated with a specific institution can be considered
part of a center of excellence.

* A good business climate must be paired with STI capabilities to develop
an innovative, globally competitive economy. Basic policies need to be in
place to ensure reasonable macroeconomic stability, to promote a
good business climate, and to reduce the cost of doing business. It
makes little sense to build STI capacity if the legal, regulatory, financial,
and economic conditions deter farmers, entrepreneurs, and investors
from investing and innovating. However, capacity building is not a
passive process. Productive capacity does not develop automatically
once a good business climate is in place and the cost of doing business
is reduced to reasonable levels. It requires conscious, deliberate policies
and programs as demonstrated by the successful programs discussed
during the Global Forum.
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Put differently, foreign investors can be a major source of technolo-
gical, scientific, and market intelligence. But technological diffusion and
spillovers do not happen spontaneously and automatically when
countries open themselves to trade and FDI. On the contrary, a country
needs to build the capacity so that universities, local research institu-
tions, and local enterprises have the capacity to work with foreign
investors, learn from them, and supply knowledge-intensive goods and
services to them. Deliberate STI capacity-building programs, along the
lines of the diverse programs described in the session, Leveraging FDI
for Technological Learning and Supplier Development, will be required.
Similarly, the capacity to absorb existing technologies and knowledge
from outside the country does not happen automatically. Specific insti-
tutions and policies need to be in place to facilitate this process.

Fostering entrepreneurship is a critical component of STI capacity building.
The ability to absorb and utilize new technology and the capacity to
innovate must reside in private enterprises. Entrepreneurs are the ones
who organize the production processes, link farmers and workers to
global markets, and train them to meet the exacting production and
quality control standards required by demanding international cus-
tomers. Seen from this perspective, entrepreneurship is an essential
aspect of STI capacity building. Supporting entrepreneurship entails
establishing and maintaining a good business climate. It also entails
developing innovative PPPs to support technical and vocational training
tailored to the needs of the private sector and, at times, delivered by the
private sector. PPPs can also ensure that R&D institutes focus their
efforts on the technological needs of private sector entrepreneurs and
that specialized institutions help the private sector find, adapt, and
adopt technology that will enhance competitiveness. The public sector
can boost the private sector’s technological absorptive capacity by
supporting mission-oriented R&D programs, technology diffusion
programs, and many of the tried-and-true technological development
devices discussed at the Global Forum. But scientific knowledge by itself
will not result in economic gains and social progress unless it is absorbed
by a private sector that will convert knowledge into wealth.

STI capacity building should not be confined to S&T projects and programs
or higher education projects and programs. As Charles Weiss observed,
STI capacity building must become an integral component of all
investment activities. Twenty and thirty years ago, for example, World
Bank infrastructure and industrial development projects had explicit
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STI capacity building objectives. This focus on capacity building disap-
peared with the shift to policy-based lending. Capacity building needs
to be revived and incorporated into agriculture and rural development,
environment, private sector development, and infrastructure programs.
Donors should not only finance the physical investments but capacity
building programs as well. For example, when building infrastructure
projects, outside contractors could be required to accept student
interns and industrial attachments during all phases of the work—from
engineering, to design, to construction, to operations and maintenance.

There is no single correct recipe for building STI capacity. Different coun-
tries have developed various policies and programs for building STI
capacity. But while the programs differ in technical details and specific
tactics, successful programs tend to focus on a common set of core issues:
promotion of entrepreneurship; adaptation and adoption of existing
technology; both the supply and demand for S&T capacities; specific
social and economic goals; and promotion of interactions among public
institutions, academia, and the private sector. Success in building STI
capacity requires a continuous process of institutional learning by the
government agencies that create and administer STI policies and pro-
grams and the labs, universities, and firms that create and use knowledge.

Overview of Issues, Options, and Priorities

There appears to be an emerging consensus that STI capacity building is
an essential tool for sustainable development and poverty reduction. But
what precisely is meant by STI capacity building? What capacities must
be built? How have countries built these capacities? How should policy
makers allocate scarce resources to different capacity building objectives
and what specific capacities are the highest priorities for any given country
at a given stage of development?

STI capacity building involves building two types of capacity (see

figure 1.1):

To acquire and use existing knowledge
To produce and use new knowledge

It also involves building capacity at four distinct levels:

Government policy making
Labor force skills and training
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Figure I.1. Dimensions of STl Capacity

Import, adapt, and adopt
knowledge produced
outside the country

Produce and use new
knowledge via R&D

National (and local)
government capacity to
formulate and implement
coherent S&T programs
and policies

Technologically and
scientifically skilled
workforce trained to
work with modern
equipment and
production processes

Enterprise capacity to
utilize knowledge to
innovate and produce
higher value added,
globally competitive
goods and services

Education, vocational
training, and R&D
institutes

Source: Authors' creation.
Note: R&D = research and development; S&T = science and technology.

e Enterprise innovation
e Education and training institutions and research institutes

Dimensions of STI Capacity
A. Types of STI Capacity—The two types of capacity are as follows:

o The capacity to acquire existing knowledge that was produced outside the
couniry, adapt it for local use, diffuse it throughout the country, and adopt
it locally. Acquiring, adapting, diffusing, and adopting existing knowl-
edge is a major conduit for building STI capacities in every country,
irrespective of its level of development. Even if a country
dramatically increases the size and quality of its research effort, it is
unlikely that the local R&D system will generate more than a small
fraction of the total knowledge needed by the country. Hence, most
of the knowledge that any country will need if it is to grow and pros-
per will be produced by others. As a result, developing the capacity to
identify, find, acquire, adapt, and adopt this existing knowledge must
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be an indispensable component of any country’s STI capacity build-
ing strategy.*

Developing this skill involves much more than building the infor-
mation and Internet infrastructure through investment in information
and communication technology (ICT) and additional bandwidth.
These infrastructure investments provide the physical facilities needed
to tap into the existing pool of global knowledge. But developing the
capacity to acquire, adapt, and adopt this knowledge is more difficult
and complex than simply providing additional Internet connections
and bandwidth, important though these might be. Understanding the
challenges involved in helping local enterprises build the capacity to
find new (for the enterprise) technologies and incorporate them into
their production process were major themes of the Global Forum.

o The capacity to produce and use new knowledge via R&D. This may
entail the capacity to conduct high-level basic research, alone or in
partnership with leading global R&D institutes. Or it may entail
building the capacity to find novel ways of solving local problems—
for example, developing more fuel-efficient cook stoves, applying
nanotechnology filtration systems to deliver potable water to a local
village, or designing biogas energy systems. Not every country has
the current capacity (or pressing need) to participate in the global
R&D effort to find a cure for AIDS or to develop an antimalarial
vaccine. But every country needs to develop the R&D capacity needed
to find new, innovative ways to apply modern science to solving
local problems.

B. Levels of STI Capacity Building—STI capacity building occurs at
four levels.

o The capacity of government to formulate coherent STI policies and link
them to discrete development strategies. These government policies
include explicit STI policies—for example, grant programs to finance
R&D, to link R&D more closely to the needs of industry, to foster

4 A recent RAND Corporation report identified 16 key technologies and then tried to
assess whether various countries had the capacity to utilize these technologies. It found
that many developing countries lacked the capacity to utilize many of the new emerging
technologies (for details, see Silberglitt, Anton, Howell, and Wong, 2006).
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technology upgrading in local industry, to stimulate enterprise demand
for R&D, to support targeted STI capacity building programs in high-
priority social and economic sectors, and so on. Governments must also
consider implicit STI policies—that is, tax policies that encourage or dis-
courage enterprise innovation; trade policies that protect uncompetitive
domestic producers from competition thereby discouraging innovation;
financing mechanisms that help to generate demand for local R&D
activities; administrative barriers and other government rules, regula-
tions, and restrictions that make it excessively difficult to start a new
business; and so on. The importance of the implicit and explicit policy-
making dimension cannot be overestimated. For example, many tran-
sition economies have a well-developed, even world-class, scientific
infrastructure. But the absence of a suitable enabling environment often
prevents them from converting this scientific capacity into knowledge-
intensive, value-added goods and services. Other countries need to focus
their policy-making attention on strengthening the knowledge produc-
tion and acquisition skills of local enterprises or finding ways to help
local enterprises train workers to perform more complex tasks and utilize
more sophisticated machinery and inputs. The key point is that every
country needs to identify those areas where its National Innovation
System (NIS) is weakest and then design and implement coherent STI
policies that can address these deficiencies.

The capacity of the workforce to engage in more knowledge-intensive
production. An educated, trained workforce is a sine qua non for STI
capacity building. This entails more than simply producing more top-
notch scientists. For many countries, a higher priority may be developing
technical and vocational skills. One critical question is when education
and training should take place in formal education institutions or when
education and skills are best acquired via learning on the job? What is
the appropriate balance between these different methods of deliver-
ing training? How can formal education institutions be induced to
provide vocational and technical training that is more attuned to the
needs of local industry? How have various countries used education
and training to make the transition from a predominantly low-wage,
unskilled labor force to a higher-wage, skilled labor force? This is a
question of increasing both the supply of skilled workers (so that
enterprises see the country as an appropriate location for skill-intensive
activities) and the demand for skilled workers (so that investments in
education and training do not result primarily in brain drain).
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o The capacity of enterprises to use new and existing knowledge to inno-
vate and to design, produce, and market more knowledge-intensive,
value-added goods and services. Building the capacity to acquire and
produce additional knowledge will be of little relevance unless
agricultural, manufacturing, and service enterprises have the capacity
to use this knowledge to produce higher-value goods and services.
For example, in several countries world-class R&D facilities coexist
alongside impoverished rural villages and uncompetitive local indus-
tries. Additional efforts to build R&D capacity and the supply of
skilled workers will not help industry become more competitive
unless complementary efforts are made to increase the private sector’s
demand for knowledge and the industry’s capacity to innovate. All
too often, public policy focuses on increasing the supply (or even
the quality and relevance) of R&D and the supply of skilled work-
ers, on the assumption that the demand already exists for more
R&D and for more skilled workers. But is this always the case? If it
is, why are so many skilled workers emigrating and why is brain
drain such a serious problem for so many countries? Related to this
are the questions of enterprise innovation. How much and what
type of innovation is currently taking place in a country? What are
the obstacles to greater innovation? Do firms face corruption and
administrative barriers? Is the cost of doing business an obstacle to
enterprise innovation? What about the lack of skilled workers who
can produce more knowledge-intensive, value-added goods and serv-
ices and conduct more complex tasks? Or is the greatest obstacle the
scarcity of enterprises that have the organizational and managerial
capabilities needed to produce more sophisticated goods and serv-
ices? What types of enterprises are most innovative in developing
economies—small or large, old or new?

e Education, vocational training, and R&D institutes. Education, vocational
training, and R&D institutes are the main transmission mechanism
between the global stock of knowledge, on the one hand, and enterpris-
es and the workforce, on the other hand. It is a truism to suggest that a
more skilled workforce is a prerequisite for producing more knowledge-
intensive goods and services. However, a skilled workforce will only
translate to more knowledge-intensive production if the supply of
skills and knowledge produced by the education and training system
broadly matches the demand for skilled workers in the economy.
Among other things, this requires an education and vocational training
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system with the flexibility, autonomy, incentives, and technical capacity
to respond to market signals and to work in partnership with poten-
tial private sector employers. All too often, these administrative and
managerial prerequisites are missing. Spending more on education
will not have the desired economic benefit unless the additional
resources are accompanied by the necessary organizational and struc-
tural changes. R&D institutes are part of this transmission mechanism.
When they operate optimally, R&D institutes serve a dual function: they
produce new knowledge and they help to train the next generation
of scientists. Unfortunately, R&D institutes frequently have weak
links, at best, to the innovative needs of enterprises and do not play
an active role in training young scientists. The Global Forum examined
how some countries tackled these problems and turned these insti-
tutions into resources for economic growth, while strengthening
their role as centers of excellence and transmission mechanisms for
global knowledge.

Implications for STI Capacity Building Policies

In embarking on an STI capacity building program, policy makers need

to decide which dimension of STI capacity should be highlighted at any

given stage of development and what is most appropriate given each
country’s unique circumstances and starting point. They also need to

maintain an appropriate balance between different types and levels of

STI capacity building. For example, what is the appropriate balance
among the following:

Creating new knowledge versus acquiring existing knowledge?
Increasing the supply of knowledge by increasing R&D and education
versus increasing the demand for knowledge in the enterprise sector
by improving the climate for innovation, entrepreneurship, and tech-
nology upgrading (including upgrading traditional technologies)?
Financing hardware (building new laboratories, acquiring new scien-
tific equipment) versus financing software (programs and policies that
improve the incentives to innovate)?

Pursuing horizontal policies (level the playing field; reduce adminis-
trative barriers and the cost of doing business; improve the quality,
governance, and relevance of the education system; enhance intellectual
property [IP] protection) that establish a good business climate versus
pursuing vertical policies that strengthen the STI capacity in those
sectors that the market has identified as probable winners?
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¢ Developing new organizations and institutions versus enhancing the
capabilities, performance, and linkages of existing STI organizations?

In considering their options, policy makers will need to consider the
strengths and weaknesses of a country’s current STI capacities as well as
the short- and long-term cost and benefits of emphasizing different
dimensions of capacity building. These tradeoffs can be assessed only in
the context of a country’s individual goals and objectives. Specifically,
what problems is the country trying to solve by building STI capacity,
and what is the best strategy for achieving these objectives?

In some cases, these issues involve difficult tradeoffs. For example,
especially in the early stages of development when financial and human
resources are scarce, policy makers will not be able to do everything at
once. Under these circumstances, they will need to establish priorities
and decide which specific dimension of STI capacity building will gen-
erate the greatest development bang for the buck. For example, if a
country’s industries are all operating far below the technology frontier,
should policy focus on creating new knowledge and building R&D facilities
or should it focus instead on building the enterprise sector’s capacity to
acquire and utilize existing knowledge?

In other cases, the issue is one of finding the appropriate balance
between different dimensions of STI capacity building. For example,
devoting too much attention to building R&D capacity or building the
wrong type of R&D capacity may be just as detrimental as focusing too
little on R&D. Similarly, improving STI “hardware” is likely to bring results
only if it is done in combination with appropriate “software” progress. And
to be most effective, horizontal policies probably need to be paired with
appropriate vertical policies. Thus, for most countries, it is not a question
of selecting one or the other, but maintaining an appropriate balance.

Global Forum Issues
To help policy makers assess these issues, priorities, and tradeoffs, the
Forum was organized around the following constellation of ideas:®

e Reducing poverty and achieving the MDGs: the role of STI capacity
building

5 These four dimensions of STI capacity building should not be seen as mutually exclu-
sive or as either-or options. Countries and policy makers do not have to “choose” one
STI capacity building objective to the exclusion of the others. Nor can countries be
neatly pigeonholed into one category or another—for example, this country needs to
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¢ Adding value to natural resource exports through STI capacity building

® Latecomer strategies for catching up—linkage, leverage, learning, and
STI capacity building

¢ The role of R&D in the development process

Although all four sets of issues are related to the notion of “STI
Capacity Building,” they address different problems and entail the devel-
opment of different skills and institutions. For example, for many countries
without preexisting, well-developed R&D systems, national priorities for
building STI capacity to reduce poverty and achieve the MDGs will
most likely entail developing the technical and vocational skills needed
to deliver quality health care and clean water to rural villages and low-
income urban neighborhoods, improving public health systems, and
using fairly simple, well-known cultivation techniques to minimize soil
erosion. Priorities would also entail developing and diffusing simple, low-
cost “appropriate” technologies—for example, more efficient wood-burning
stoves, manual irrigation pumps and food processing equipment, and
possibly the selective upgrading of traditional technologies.

Building the STI capacity to address these issues would focus primarily
on strengthening applied vocational, technical, and engineering skills to
solve local problems and entrepreneurship training to help small busi-
nesses produce, market, and distribute products based on these new
technologies. It would also involve developing the capacity and know-
how to license newly developed technologies to private enterprises that
could sell and distribute them inside the country as well as in neighboring
countries. Importantly, all of these essential tasks are distinct from
building world-class R&D capacity.

Put differently, policy makers need to find the right balance between
the creation of new knowledge via investments in R&D capacity and

focus on the MDGs; that country should emphasize improvements in its R&D
capacity. Innovative developing countries with world-class R&D capacity may face seri-
ous MDG problems. Poor countries may have isolated pockets of research excellence
that may need to be nurtured. And middle-income countries facing increasing compet-
itive pressures may need to balance the need to build (or rebuild) R&D capacity and
also to focus on technology upgrading and generating more value added from its natu-
ral resource base. The point is that in a world of scarce financial resources and human
capabilities, where it is impossible to do everything at once, policy makers will have to
set priorities and determine sequences of STI capacity-building initiatives, which are
based on each country’s most pressing needs, objectives, and initial endowments.
Properly assessing national STI needs, establishing priorities for addressing these needs,
and understanding the different dimensions of STI capacity building will be critical to
the success of any STI capacity-building program.
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building the capacity to absorb, adapt, and adopt existing knowledge. In
some cases, the knowledge required to solve many of the most pressing
problems already exists and is widely used outside the country.
Unfortunately, it is simply not in widespread use inside the country. In
this case, the main STI capacity building issue is related to technology
diffusion, which requires building up the skills to find, deploy, and uti-
lize more sophisticated® technologies. For countries without substantial
R&D capacity, therefore, the notion of STI capacity building should
refer, at least initially, to developing the technical skills required to find,
adapt, and utilize existing technology to produce more knowledge-
intensive goods and services, even if these goods and services are such
low-tech but knowledge-intensive items as roses, coffee, wine, fish farming,
and rainwater harvesting systems.

A. Building STI Capacity to Reduce Poverty and Achieve the MDGs—
With an annual per capita income of less than US$700, the typical resi-
dent of a low-income country lives below the $2 per day poverty line.
Many are engaged in subsistence agriculture or casual, informal urban
labor and few have access to electricity and clean drinking water. In
many countries, wood is the main source of fuel. As a result, deforesta-
tion and soil erosion are serious concerns. In what is clearly a cruel irony,
water from heavy rains cascades down hills and mountains, washing
away farms and increasing soil erosion. Women and children then spend
hours every day hauling drinking water back up to their villages. In
another cruel irony, surplus food often rots because of a lack of storage
capacity, whereas many of the people who produced the surplus crops
do not have the security of a year-round stable food supply.

With this in mind, government officials are beginning to ask whether
targeted efforts to build STI capacity could play a role in alleviating
these problems, improving quality of life and well-being, and raising
standards of living. The session Building Local Capacity for Developing
and Diffusing Appropriate Technologies of the Global Forum highlighted
areas in which STI capacity building programs can act as catalysts,
disrupting the current low-level stagnant equilibrium and generating

6 “More sophisticated” is a relative term. It does not necessarily connote only high tech,
biotech, or nanotechnology. It simply refers to technologies that are more sophisticated
than those currently used inside the country, even if they are widely used outside the
country and not considered especially sophisticated where they are commonly
employed. Examples might include such knowledge as how to prune mango trees to
reduce fungal infections.
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self-reinforcing changes that start the village or country down the road
to sustainable economic development.

Building STI capacity to reduce poverty and achieve the MDGs
would entail boosting STI capacity on a number of related fronts, includ-
ing the following:

o Agriculture research and outreach. The agricultural research and out-
reach system in many developing countries is fragmented and has lim-
ited capacity for meeting such priority needs as (i) boosting
productivity of food crops; (ii) adding value to agricultural products
through postharvest processing; and (iii) ensuring sustainable use of
land resources for farming. As a result, the overall level of knowledge
employed in the agriculture sector remains low, and agriculture is not
yet living up to its potential as an engine of economic growth. Capac-
ity gaps exist at multiple levels: public labs have poor linkages with
farmers and the private sector; skilled researchers and technical staff
are in short supply; and the private sector does little in-house research
and training. Building the capacity of the agricultural research and
training system—faculties of agriculture, technical schools, public
research laboratories, and technology transfer centers—is an essential
element of ensuring a sustainable food supply and boosting agricul-
tural productivity (Juma 2007a).

o Alternative energy. Many of the world’s poorest residents live in urban
settlements and rural villages that are not connected to the central
power grid. Building central generating plants and connecting remote
villages to the central grid is neither feasible nor affordable in many
countries. Therefore, to serve these people, countries will need to
develop alternative, decentralized energy sources including wind,
solar, thermal, small-scale hydro, and, where appropriate, bio fuel.
While every home cannot be connected to these alternative energy
supplies, at least initially, central locations such as schools and public
health clinics can be electrified and can serve as central locations for
computer centers, Internet cafes, and other public facilities.

* Appropriate technologies. Appropriate technologies are affordable and
accessible technologies that can improve living conditions in villages
and cities (biogas, rainwater harvesting, Ecosan latrines, pumps, and so
on). They can also boost family and business incomes (maize millers,
drip irrigation, small tractors). But the development and diffusion of
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these technologies have been slow and fragmented across urban and
rural users in many developing countries. The technology diffusion
agencies have limited capacity to identify appropriate technologies,
modify them for use in the local context, and get them into the hands of
entrepreneurs who can produce, market, and distribute them. A major
capacity building task would consist of training technology and research
institutes in transfer and commercialization activities.

Delivery of clean drinking water. Waterborne diseases, caused by a
shortage of potable water, are a major source of illness in many coun-
tries. Rainwater harvesting and other technologies in widespread use
around the world can provide a relatively low-cost effective water
supply for use in cooking and drinking water. The techniques and tech-
nologies for delivering clean drinking water to rural villages are widely
known, but they are not sufficiently used in many countries. Part of
the problem is the shortage of technical and vocational skills needed
to build and maintain water distribution networks. A vocational training
program to boost the supply of trained technicians along with a
program to finance the construction of drinking water systems might
help to address both the supply and demand side of the equation.
Engineering and technical capacity is also needed for exploring and
drilling underground water.

Public health. Health education needs to be widely available to help
educate the rural populace in such topics as nutrition, sanitation,
hygiene, and, as mentioned earlier, the importance of clean drinking
water. In addition, public health technicians and nurse practitioners
need to be trained to maintain adequate public health records, admin-
ister vaccines and medicines, and provide routine health care services.
Where possible, rural health clinics need to be connected via the Inter-
net to regional health centers where more highly trained personnel are
available to provide (via telemedicine) more sophisticated health care
services. As this suggests, improvements in public health require social
and institutional innovations as much as technological innovations.

Technical and vocational education. Many developing countries suffer
from a major shortage of skilled technicians and artisans needed to
perform such diverse tasks as repairing automobiles, repairing and
maintaining electrical appliances and such electronic equipment as
printers and copiers, and designing and constructing such items as
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drinking water systems and energy systems. There is frequently a short-
age of well-equipped technical and vocational schools. At the same
time, graduates from the few schools that do exist are having difficulty
finding jobs because they do not receive enough technical training.
Developing new, more effective ways to deliver technical and voca-
tional education and linking this education more closely to industry
needs are critical STI capacity building challenges.

The Forum discussed a number of successful initiatives designed to
show how STI capacity building programs have addressed some of the
issues enumerated above. This was not an exhaustive discussion. But it did
illustrate what can be done and how to do it. Key questions then become
the extent to which the lessons of experience are relevant to other
countries, and, if they are, what can be done to scale up these initiatives.
Will multilateral, bilateral, donor, and government resources be sufficient
to scale up these programs on a sustainable basis? If not, is the root
problem one of inadequate resources or one of inappropriate solutions?

B. Adding Value to Natural Resource Exporis through STI Capacity
Building—If countries hope to become more prosperous, they must find
ways to reduce the ranks of the rural and urban poor and not merely
develop technologies that make life more tolerable for them. Reducing
the ranks of the poor must entail creating more productive, higher-paying
jobs outside subsistence agriculture and casual urban labor, developing
new higher value-added exports,” attracting FDI, improving the quality of
science and technical education at all levels,® and establishing supply
chain linkages between local firms and foreign investors. STI capacity
building is a critical tool for solving these problems.

7 Higher value added should not be confused or equated with high tech. For example,
electronics is generally regarded as a high-tech industry and horticulture as a low-tech
industry. But horticulture production may, in fact, be more knowledge- and skill-intensive
than assembling imported components into finished computers. The critical economic
development issues are the value-added generated by a particular activity as well as the
labor skills required to produce a particular product, not whether the finished product
or industry is classified as high tech or low tech.

8 Improving the supply of skilled workers via education and training programs are
absolute prerequisites for the success of any STI capacity building initiative. But
increasing the supply of skilled workers may lead to brain drain if it is not accompa-
nied by a corresponding increase in the demand for skilled workers by private enter-
prises. Building STI capacity to create wealth and diversify the economy is especially
necessary to increase the demand for skilled workers. This is especially important for
Africa, which is more prone to brain drain than most other regions.
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From a theoretical economic perspective, the solution to these problems
is clear and unambiguous. Labor should shift from low-productivity sub-
sistence agriculture or casual labor to higher-productivity manufacturing
and service sector jobs. Fortunately, much of the initial technical knowl-
edge needed to create these new jobs already exists. Unfortunately,
although this knowledge exists and is widely used outside many poor
countries, it is not widely used by enterprises in poor countries. From
this perspective, therefore, STI capacity building needs to focus on
finding appropriate technologies, importing them, adapting them to local
conditions, and helping firms (both managers and workers) use them
to produce and market higher-value, more-knowledge-intensive goods
and services.?

Developing countries need to establish applied engineering research
institutes that focus their R&D efforts on developing such simple, low-cost
technologies as more efficient wood-burning stoves, manual irrigation
pumps, food processing and storage equipment, more efficient, low-cost
construction materials and methods, and nonelectrical refrigeration or
food-cooling equipment. However, it is not enough simply to produce
prototypes of better equipment. Designs and blueprints have to be devel-
oped and transferred to small and medium enterprises (SMEs) that could
produce, market, and distribute them to customers in local and regional
markets. In this way, STI capacity building programs will support and rein-
force parallel programs aimed at private sector development, economic
diversification, entrepreneurship, and SME development.

Moreover, leveling the playing field, reducing administrative barriers,
and decreasing the cost of doing business are essential but not sufficient
conditions for higher productivity, increased competitiveness, rising
standards of living, and economic diversification. Capacity building and
barrier reduction are not the same. Barrier reduction is necessary, but not
sufficient, for businesses to thrive and become more innovative.
Enterprises will not be able to exploit the competitive opportunities
generated by a good business climate if their workforce does not have
the requisite skills to perform higher value-added tasks and if local

9 In a speech at a recent annual meeting of the Consultative Group on International
Agricultural Research (CGIAR), World Bank Chief Economist Francois Bourguignon
asked whether agricultural research should maintain its focus on improving crop
yields—which, by depressing commodity prices, may have the perverse, unintended
consequence of increasing rural poverty and stagnation—or begin to focus more on
finding ways to add value to crops produced by rural villagers.
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enterprises do not have the organizational and managerial capacity and
technical competence to invest, innovate, enter into strategic supply chain
arrangements with other firms, and operate closer to or at the global
technology frontier. Seen from this perspective, therefore, STI capacity
building is a necessary complement to barrier reduction.

Many countries suffer from a shortage of skilled technicians and crafts-
men needed to perform such diverse tasks as repairing automobiles,
repairing and maintaining electrical appliances and such electronic equip-
ment as printers and copiers, and designing and constructing such facili-
ties as rainwater harvesting systems and schools. At the moment, there is
a shortage of well-equipped technical and vocational schools. Annual
operating costs for these schools are also much higher than operating
costs for traditional academic secondary schools. Thus, donors looking to
maximize the number of students benefiting from donor-financed edu-
cation programs often prefer to invest in lower-unit-cost secondary
education, even when this preference does not coincide with the most
urgent needs of the economy. At the same time, graduates from the few
schools that do exist are having difficulty finding jobs because graduates
do not receive enough technical training. Poor countries will have diffi-
culty moving beyond subsistence agriculture without an adequate
supply of personnel trained in these midlevel craft skills.

Investment climate improvements, while critically important, will not
by themselves generate more competitive domestic enterprises if these
firms lack the organizational capability to respond effectively to a better
business climate. Building this capacity takes time and should be a major
objective of any STI capacity building program.

FDI is frequently seen as an essential ingredient in any STI capacity
building program. But FDI is not the automatic development panacea
that some suggest. To the extent that a poor country is successful in
attracting FDI, it may initially be due to the fact that it offers an abun-
dant supply of natural resources and low-wage, unskilled labor. These are
its current factor endowments and comparative advantage. But numer-
ous empirical studies suggest that FDI does not automatically generate
spillovers, clusters, or backward supply chain linkages to domestic
suppliers (for a comprehensive review of these issues, see Hoekman and
Javorcik 2006). Nor does the mere presence of FDI generate an automatic
evolutionary path leading from low-skilled simple activities to higher-
skilled activities. So while FDI can help to generate immediate employ-
ment and export revenues, host countries need to take a proactive STI
capacity building approach if they wish to use FDI as a stepping stone to
producing more sophisticated, knowledge-intensive goods and services.
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This might include such items as skill development programs, technical
and vocational education programs, technology upgrading policies, and
supplier development programs. By improving the country’s capacity to
supply more sophisticated products and conduct more complex tasks,
foreign (and domestic) investors might be induced to locate more
knowledge-intensive activities in poor countries. This is largely how
Singapore progressed in less than 40 years from a comparative advantage
based on an abundant supply of low-wage, unskilled labor to a compet-
itive advantage based on its capacity for frontier research, innovation,
and high-tech, skill-intensive production.

Especially during an industry’s early stage, when private enterprise
capacity is weakest, some form of PPPs may be needed to identify suit-
able technologies, adapt them for local use, and encourage enterprises
to adopt them for production (for case studies of how new export
industries emerged in selected developing countries, see Chandra
2006). For example, fish farming and horticulture exports are generally
thought of as low-tech activities. In fact, they require sophisticated
inputs, skilled labor, laboratories to ensure that the fish comply with
health and safety regulations, and technicians to work in industrial
laboratories and quality control centers. In other words, public-private
STI capacity building programs need to help countries develop the
scientific and technical inputs needed to make these natural resource—
based activities globally competitive (for a discussion of the STI capacity
required to meet sanitary and phytosanitary standards, see Jaffee 2005;
Jaffee and Henson 2004).

Finally, STI capacity is critical for maintaining the competitiveness of
existing productive industries in the face of changing market demands,
business climate, and environmental conditions. The effort to build up an
industry to the point at which firms can compete for global market share
does little for the sustained development of a country if the firms in that
industry gradually lose their competitive advantage as new technologies
are developed elsewhere that better meet the market need. Similarly,
rapidly changing business and environmental conditions demand innova-
tive responses from firms that wish to survive. Examples of this growth
and collapse cycle abound, including the palm oil industry in Ghana
falling victim to changing global demand, the Colombian coffee industry
losing ground as the Vietnamese industry incorporated better production
technologies, and the Peruvian fishing industry collapsing because of a
water pollution-related epidemic. As these circumstances may overwhelm
even a highly innovative firm’s capacity to adapt, more national capacity
to support innovation becomes necessary.
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Rwanda is an example of a country that is beginning to develop high
value-added export industries in such diverse fields as coffee, roses, and
pyrethrum.!® Private investors have plans to expand into additional
value-added sectors including tea, silk, herbs and essential oils, and spe-
cialty vegetables. Investments in each of these existing and proposed
ventures share several features in common, including the following:

e The businesses have carved out a niche at the high or premium end of
the market. This is typically the most lucrative end of the market and
the one that is most difficult to access.

¢ The entrepreneurs who developed these businesses all work (or plan
to work) in partnership with subsistence farmers. Specifically, local
farmers devote a portion of their time and land to growing a cash crop.
The rest of their time is devoted to subsistence agriculture. The cash
crop is expected to generate an annual income of approximately $300
to $500 per family. (A proposed horticulture program envisions a cash
income of $3,500 per family within five years.) The subsistence
farming activities will provide most of the family’s basic food supply.
Thus, the cash income can be used to finance such items as school
fees, health care, or even an occasional luxury. The additional spending
power of the local families has a noticeable impact on the commercial
vitality of the local village.

¢ In the case of pyrethrum and roses, the primary entrepreneurs are
former members of the Rwandan diaspora who returned to start busi-
nesses in Rwanda. In the case of the coffee enterprise, the initial
entrepreneur was a U.S. expatriate funded by the U.S. Agency for
International Development (USAID). Subsequently, numerous Rwan-
dan entrepreneurs have also entered the market for producing,
processing, and exporting premium coffees. The silk industry is being
developed primarily by a foreign investor.

e In all cases, the entrepreneurs provided the undertaking with an invalu-
able package of rare (for Rwanda) skills, including the following: (i) an
understanding of the importance of quality control; (ii) a technical

10 For a discussion of Rwanda’s cut flower industry, see Beatrice Gakuba’s presentation in
the session Adding Value to Natural Resources in this volume or the video of her presen-
tation available at www.worldbank.org/stiglobalforum.
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understanding of how to achieve quality control; (iii) management,
organizational, and entrepreneurial capacity; (iv) technology awareness
and knowledge; and (v) access to markets or a clear strategy for estab-
lishing links to buyers. Individual subsistence farmers, who have been
isolated from the global marketplace for generations, or even coopera-
tives made up of small-scale subsistence farmers, cannot be expected
to possess these skills or this know-how. As a result, the entrepreneur
is the critical ingredient and the key to the success of subsequent
capacity building programs.

¢ In each case, the entrepreneurs start with a basic understanding of what
the market required in terms of quantity, quality, and technical specifi-
cations (see figure 1.2). They then reverse engineered the production
process to determine the required inputs and the capacity building
programs (training, supply chain linkages, logistics, and so on) required
to meet the market demand. In other words, these successful capacity
building programs are designed by market-savvy entrepreneurs in
response to market demands and requirements. They were not devel-
oped and implemented in isolation from market requirements, and
they are not the result of abstract capacity building programs.

Figure I.2. Enterprise-Based Model of STI Capacity Building: PPP Options
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Source: Watkins and Verma 2008.
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It is important to stress that these enterprises provide much more
than markets for local farmers. They help the farmers organize into local
producer coops. They train farmers in modern production techniques
and quality control mechanisms. They also provide training in such
“ancillary” activities as public health and sanitation and modern cultiva-
tion techniques for subsistence crops. Thus, in addition to boosting
Rwanda’s production of high value-added crops and boosting the cash
income of participating farm families, the enterprises provide a major
impetus to local economic development, education, and technology
upgrading. In effect, entrepreneurs become agents of STI capacity build-
ing as well as employers of the STI capacity that they help to create.

As part of its STI capacity-building strategy, the government wants to
identify market friendly, pro-business ways in which PPPs could help
private sector entrepreneurs in these and other promising value-added
export and import substitution sectors. Thus, it proposes to consult with
entrepreneurs to identify areas in which government policy reforms or
critical infrastructure investments could ease bottlenecks and reduce the
cost of doing business in Rwanda. In addition, it wants to explore options
for (i) placing R&D labs (a horticulture or botany laboratory) directly in
private enterprises, which would help to ensure that the R&D conducted
in these labs is directly related to the needs of private enterprises in that
sector; and (ii) creating policies to encourage private entrepreneurs to
organize or provide vocational and technical training directly related to
the needs of that sector. This training would supplement the training
provided by the existing vocational and technical training institutions.

C. Latecomer Strategies for Technology Upgrading and Caiching Up:
The Role of STI Capacity Building—How do countries and especially
enterprises “catch up” to the technological leaders? How do they learn?
More important, how do they learn to learn? And what can they learn
from the historical lessons of experience of countries, sectors, and enter-
prises that have managed to catch up?

The session on Latecomer Strategies for Catching Up of the Global
Forum provides some answers to these questions, based on lessons of
experience from developing countries that have recently been successful
at catching up to the leaders in various high-tech and low-tech sectors.
It looked especially at how countries have employed innovative PPPs to
support the technology catch-up process and foster local innovation.

The Global Forum also explored the role that FDI can, and cannot, play
in this process. For example, empirical evidence suggests that FDI does
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not automatically generate spillovers that help local enterprises become
more innovative and more technologically adept. Some countries have
attracted FDI, but then found that it does not lead to much technological
modernization over and above the direct employment benefits generated
by the FDI itself. When lower-wage locations become available, the flow
of new FDI slows dramatically and, just as troubling, foreign firms that
operated in the host country are quick to move elsewhere. Growth slows
dramatically and the country finds itself facing an economic crisis.

Other countries, by comparison, have been adept at using FDI as a
learning or technology upgrading opportunity.!! These countries may
start with an abundance of low-wage, unskilled labor. But they quickly
embark on a deliberate process of technology and skills upgrading, so
that foreign investors who were attracted to the host country by the
low-wage labor are gradually induced to locate more knowledge and
skill-intensive activities in the host country. At the same time, these
countries help local firms provide value-added goods and services to
foreign investors and build other supply chain linkages between local
firms and global firms operating in the country and region. The Global
Forum discussed how these countries used FDI as a tool to promote
technology upgrading.

Finally, the Global Forum explored the role of R&D in the technology
upgrading process. Anecdotal and survey evidence suggests that enter-
prises innovate primarily by importing new, more modern capital equip-
ment. There seems to be little domestic enterprise demand for local
R&D capacity. This is not necessarily surprising. Since most domestic
enterprises operate far below the technological frontier, they do not need
to finance or conduct R&D to improve their productivity and competi-
tiveness. However, it does suggest that grant programs to increase the
domestic private sector’s demand for R&D may be less effective than
their proponents would wish.

This remainder of this section will briefly discuss two important
strands of research related to the catching-up process: (i) the process of
technology diffusion, linkage, leverage, and learning that successful late-
comers have used to find new, high value-added niches in the global divi-
sion of labor; and (ii) the array of skills and capabilities that individual
enterprises must develop during the catching-up process.

11 An excellent set of case studies illustrating how countries did and did not use FDI as a
stepping stone to technology upgrading and international competitiveness is available
in Lall and Urata (2003); also see Rasiah (2004).
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Technology Diffusion, Linkage, Leverage, and Learning—Catching up means
finding a niche in the global division of labor and using that initial niche
to move from lower value-added, less-knowledge-intensive activities to
higher value-added, more-knowledge-intensive activities. Getting an initial
foothold and devising a strategy for moving up are not simple or straight-
forward tasks. According to Mathews (2002, 2007), the most critical aspect
of the catching-up process is the absorption, adoption, and adaptation of
products, processes, and technologies that are already in use elsewhere.
This is the so-called process of technology diffusion and it is easier said
than done, which is why it is so rarely done well and successfully. As
Mathews observes, diffusion is not a passive process. It is not something
that simply happens to an enterprise or an economy. It requires an active,
conscious policy of linkage, leverage, and learning.

According to Mathews, “The strategic goal of the latecomer is clear: it
is to catch up with the advanced firms, and to move as quickly as possi-
ble from imitation to innovation.” A latecomer firm is “condemned to be
follower by history, and it has to make the best of its resource-poor initial
situation. It starts not from the powerful position of an IBM but from the
resource-meager position of an isolated firm seeking some connection
with the technological and business mainstream” (Mathews 2002, 471).

Latecomer firms and latecomer countries have a distinct advantage—if
they are skillful enough to recognize it and develop tools and strategies for
exploiting it. That advantage is the ability to tap into advanced technolo-
gies rather than devoting time, resources, and effort to develop new
technologies or industries from scratch.'> Mathews identifies three
essential tools for the catch-up effort:

e Linkage. Latecomer firms must link themselves to dynamic firms that
already have a successful foothold in the global economy. Linkage
provides the latecomer firm with a window to the global marketplace
and to global technology trends.

e Leverage. Latecomer firms must devise strategies and develop the
capacity to exploit the knowledge and opportunities generated by
linkages to more successful firms.

12 Juma, for example, observes, Africa potentially has access to more scientific and technical
knowledge than the more advanced countries had in their early stages of industrial-
ization (Juma 2007b). The task for Africa, therefore, will be to develop the scientific,
engineering, technical, vocational, and entrepreneurial skills required to make use of
this knowledge.
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® Learning Latecomer firms must develop the capacity to absorb and
adapt the knowledge generated via linkage and leverage and convert it
into new, more profitable economic opportunities.

This entire process, according to Mathews, must be “buttressed,
supported and disciplined by an institutional framework. ... Public
agencies and various forms of inter-organizational superstructures create
the conditions in which the process of learning and leverage can be
applied, over and over again, each time at higher levels of technological
and organizational capability” (2002, 479).

Enterprise Capability—Latecomer firms need to develop certain skills and
capabilities if they wish to convert their latecomer status into a strategic
advantage. At least two distinct types of skills are required: (i) practical
technology absorption, adoption, and adaptation skills; and (ii) strategic
technology acquisition skills.

Absorption, Adaptation, and Adoption Skills—R&D is only the tip of
the technology development and innovation process (figure 1.3), which,
in addition to R&D, includes such non-R&D activities as the following:
(i) skills for acquiring, using, and operating technologies at rising levels

Figure 1.3. Hierarchy of the Structure of Industrial Technology
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of complexity, productivity, and quality; and (ii) design, engineering, and
associated managerial capabilities to acquire technologies, develop a con-
tinuous stream of improvements, and generate innovations. Different
skills are most relevant at different stages of technological development.
For example, R&D is most relevant for firms that are closing in on the
technological frontier or already at the frontier. Technology acquisition
and utilization skills, on the other hand, are most relevant for firms that
are at the technology acquisition, assimilation, or deepening stages (this
analysis draws extensively from the discussion in Bell 2003).

Thus, as figure 1.3 suggests, innovation and capacity building policy
should not be limited to promoting R&D. A much broader focus is
needed, with a stress on technology creation, including both R&D and
design and engineering skills, technology acquisition skills, and
technology use skills. These are all vital dimensions of technology
development. Indeed, the non-R&D dimensions of technology develop-
ment may be especially important for the vast majority of enterprises in
developing countries that are not engaged in R&D, are far from the
technological frontier, and do not require cutting-edge R&D to improve
their competitive standing. For these firms, assistance in honing skills
related to technology acquisition and use may be much more relevant

than additional public R&D funding.

Technology Acquisition Skills—Acquiring knowledge is not simply a question
of going out and purchasing it from outside vendors. Firms need to have the
capacity to search for different technologies, to evaluate different techno-
logical options, to modify off-the-shelf technologies for use by a particular
enterprise, and, last but by no means to least, to integrate new technologies
into their production processes. These are not simple or easy tasks. They
require a great deal of organizational, managerial, and technological sophis-
tication. Simply put, enterprises need to acquire the skills that they need to
acquire and use technology.

Recent studies suggest that business enterprises constitute both the
“demand-side” and the “supply-side” of industrial technology. In other
words, the business sector produces most of the technology that is
required by the business sector. The technology does not come from
fundamental or even applied research generated by R&D laboratories.
Rather, it is generated by design and engineering activities spawned by
interaction with customers, suppliers, and competitors. This helps to
explain why clusters, competition, and linkages with other firms are so
important to the technology development process.
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Evaluating Enterprise Innovation Capability—A study describing how
firms innovate and use knowledge evaluates and ranks enterprises on
the basis of nine key dimensions of technological capability (see figure 1.4)
(World Bank 2002). These variables encompass such factors as a firm’s
ability to develop a coherent technology strategy to support the business,
acquire and absorb technologies, form and exploit linkages with net-
works of suppliers and collaborators, and develop several other critical
core competencies.

Firms are then placed in one of four categories based on (i) the degree
to which a firm is aware of the overall need to change and (ii) the
degree to which management is aware of what to change and how to go
about changing it (see figure 1.5) (this discussion is from Arnold, Bell,
Bessant, and Brimble 2000; and World Bank 2002, Part A).

At the lowest level are firms that have no capacity for technological
change. At the highest level are firms such as Intel, Boeing, Siemens, and
Microsoft that have the capacity to absorb technologies from around the
world, innovate, and produce leading-edge, high-tech products.

D. The Role of R&D in the Development Process—When should countries
focus on building their R&D capacity and what sort of R&D capacity
should they strive to build—one that is focused on applied research or
one that tends to emphasize basic research? How can the growing R&D
capacity in rapidly industrializing countries be harnessed to solve
development problems in these and other developing countries? How
can R&D organizations in industrial countries support this process?
The session Building R&D Capacity in Developing Countries of the
Global Forum addressed these issues.

Figure 1.4. Nine Dimensions of Technological Capability
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Figure 1.5. Groups of Firms According to Technological Capability
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It is important to stress at the outset that R&D capacity should not be
equated only with the sort of frontier R&D done by scientists and
engineers at the Massachusetts Institute of Technology (MIT) or in Silicon
Valley. Nor should it be equated only with nanotechnology, biotech, and
other assorted high-tech activities.!> R&D capacity building in developing
countries might include frontier R&D and the production of new knowl-
edge for those countries that currently have the capacity to engage in
these cutting-edge research activities. For other developing countries, the
existing or newly created R&D capacity might be better deployed solving
the problems of developing biogas generators and more efficient water
pumps, providing clean drinking water, or developing more value-added
products from locally grown crops and local natural resources.

13 Although not necessarily able nationally (or regionally) to undertake a full R&D/inno-
vation process to address health (and agricultural) problems, local research institutes
often contribute to the process, based on local knowledge and access to patient cohorts,
biological diversity, and indigenous knowledge related to therapeutic properties of
plants. Development of skills to protect, market, and license inventions will enable
contributions to global product development processes (either through partnership
with nonconventional development partners such as Product Development
Partnerships [PDPs] or more conventional partners in the private sector). Such skills
can also generate recognition of, and value for, locally developed research to spur
greater industrial interest and investment.
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Why should developing countries build R&D capacity? What is the
purpose? One objective is to enable research institutes in developing
countries to participate in global R&D projects aimed at developing
country issues, such as new vaccines for tropical diseases or new drought-
resistant crop varieties. Another objective is to develop the indigenous
capacity to solve local problems. And still another objective is to build
the capacity of developing country research institutes to collaborate on
a more equal footing with research institutes and industrial laboratories
in all parts of the world, irrespective of whether they are investigating
problems of special relevance to developing countries. India, China,
Brazil, and South Africa are frequently cited as examples of developing
countries that have developed world-class R&D capacity. The Republic
of Korea and Singapore are cited as examples of earlier success stories.
The New Partnership for Africa’s Development (NEPAD) S&T Action
Plan provides a compelling rationale for emphasizing this aspect of S&T
capacity building in Africa, but the arguments can easily be generalized
to apply to other parts of the world as well.!*

Progress along this dimension of S&T capacity building is commonly
measured by such indicators as the share of gross domestic product
(GDP) devoted to R&D, the number of patents registered in U.S. and
European patent offices, the number of articles published in prestigious,
refereed journals, the number of grants obtained from such international
science funding sources as the National Science Foundation and
European Union Framework Program, and the number and value of
research projects conducted in partnership with local and international
research institutes. A country would be seen to be making progress
toward developing its NIS, building STI capacity, and becoming more
“competitive” when its scores on the variables listed above begin to
increase and eventually approach levels found in innovative
Organisation for Economic Co-operation and Development (OECD)
countries. Government policy is frequently oriented toward moving
these indicators in the desired direction.

This dimension of STI capacity building draws most of its inspiration
from the challenges facing OECD countries and ongoing efforts to
benchmark those countries against each other. The salience of these
measures for many developing countries is less clear. In fact, attempts of
smaller, poorer countries to use this OECD experience as a guide for

14 The NEPAD Science and Technology Consolidated Plan of Action is available at
http://www.nepadst.org/doclibrary/pdfs/ast_plan_of_action.pdf; also see Murenzi (2006).
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their own policies may even be seriously counterproductive. Unless
policy makers take explicit pains to distinguish and adapt what is
relevant, imitation of OECD country experience may lead to inappro-
priate and ineffective policies.

The problems facing many poorer countries are different from those
confronting OECD economies. Examples of significant differences
include the following:

¢ The baseline levels of technology used in the poor country’s econo-
my—except for occasional extractive industry sectors—are typically
quite low.

e The absolute size of the local economy is quite small.

e Consequently, many poor countries have only modest resources to
invest in S&T. Even if they spent 1 percent of GDP on science and
technology, this would amount to only several million dollars per coun-
try per year. This pales in comparison to the amounts spent in scienti-
fically advanced countries or even to the amounts spent each week by
a single innovative private enterprise on R&D activities.

Scale effects will have a major impact on how countries allocate their
R&D development budgets. Small countries, with limited existing R&D
capacity and budgets will need to decide whether they should focus on
cutting-edge research or on research designed to support the economy’s
capacity to import and adapt existing technology. In addition, they will
need to decide what capacity can be built internally and what capacity
needs to be built on a regional basis, in partnership with other countries.

However, some developing countries, occasionally dubbed Innovative
Developing Countries (IDCs),!> have sophisticated, well-developed
R&D systems. As a result, they have the potential to make significant
contributions to the global stock of knowledge. But most IDCs also face
many of the same problems that confront non-IDCs. Large portions of
the population live below the poverty line, large swathes of domestic
industry are not globally competitive, and all too often, the R&D system
is an overhead expense rather than a resource for economic development,

15 There is no universally accepted definition of IDCs. The term generally includes Brazil,
Russia, India, China, and South Africa. However, countries such as Ukraine,
Kazakhstan, Mexico, Chile, Argentina, Malaysia, and Thailand, among others, have the
potential to join the club in the foreseeable future. For one method of grouping devel-
oping countries by scientific proficiency, based on analysis by the RAND Corporation,
see appendix 2 of Watson, Crawford, and Farley (2003).
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innovation, and national competitiveness. Even when the R&D system
serves as a resource for economic development, it is important to ask
“whose development?” Is the R&D system geared to solving the research
and technology problems of multinational corporations (MNCs), or is it
designed to address the domestic problems of reducing poverty and
enhancing economic competitiveness?

In many countries, converting the R&D systems into a resource for eco-
nomic growth will entail numerous structural reforms in the way R&D is
performed and also in the way it is linked to the needs of industry and to
markets. For example, experience suggests that modern science functions
best when (i) research is linked to teaching; (ii) scientists and engineers
from different disciplines collaborate in multidisciplinary problem-solving
teams, rather than working alone; (iii) the supposed distinctions between
basic and applied research are minimized or eliminated; and (iv) there are
close linkages between research scientists and business enterprises.

The current organization of science in many developing countries
frequently violates these precepts. For example, (i) at a time when the
boundaries between applied and basic research are becoming increas-
ingly blurred, different ministries may be responsible for basic research
and for applied research; (ii) teaching and research may take place in
separate institutions, with little interaction between the two (the higher
education sector may be primarily responsible for training scientists,
engineers, and researchers, whereas the bulk of research activities may
be performed in separate research institutes); and (iii) research may be
organized vertically, with physicists in one institute, mathematicians in
another, and chemists in yet another institute, rather than in broader,
multidisciplinary problem-solving teams.

In addition, research organizations frequently operate in isolation
from each other and, more important, from domestic and foreign
markets. Institutes and universities do not collaborate with each other
or work closely with local or foreign industry. Research is performed
primarily in independent laboratories and institutes that frequently set
priorities without regard for market demand, the technology upgrading
and competitiveness needs of local enterprises, or the government’s
own scientific priorities.

Even worse, many scientists mistakenly believe that their institutes have
a large stock of inventions that can be easily commercialized, especially if
venture capitalists can be induced to provide the necessary financing.
Unfortunately, many scientists do not know how to commercialize their
inventions nor do they have the connections to global markets that would



38 Science, Technology, and Innovation

be needed to mount a successful commercialization effort. Simply put, they
do not know how to access markets or how to assess the needs of these
markets. Nor do they have a clear idea of what they are trying to sell.
Are they marketing an off-the-shelf technology or are they selling their
problem-solving research capacity?

R&D capacity building programs need to overcome these
structural impediments.



PART Il

Forum Keynotes and Sessions

The STI Capacity Building Imperative

With increasing frequency, officials in low- and middle-income countries
are coming to the conclusion that their countries must build up their
science, technology, and innovation (STI) capacity in order to achieve
the following:

e Make demonstrable progress in achieving the Millennium Develop-
ment Goals (MDGs), tackling acute health and nutrition problems,
avoiding or mitigating the impacts of natural disasters, embarking on a
path of sustainable poverty reduction, safeguarding fragile ecosystems,
and improving the quality of daily life for the rural and urban poor.

¢ Transform their economies from ones based on subsistence agriculture,
enclave extractive industries, and simple, low-skilled manufacturing
into ones based on the production of more-knowledge-intensive, higher
value-added goods and services.

e Raise productivity, wealth, and standards of living by developing
new, competitive economic activities to serve local, regional, and
global markets.

e Develop appropriate R&D capacity to support technology-based eco-
nomic growth and to address social, economic, and ecological problems
specific to each country.

39
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To achieve these goals, a wide array of governments in Africa and
elsewhere are drafting STI policies, establishing ministries of science,
establishing science and engineering universities, and devoting more
resources to targeted science development programs. In tandem with
these national efforts, international organizations such as the World
Bank, ADB, IDB, DFID, CIDA, UNCTAD, UNESCO, and the G-77,
among others, are developing strategies to support these STI capacity
building programs.

The Global Forum was designed to respond to these calls to action.
Presenters represented developing and industrial countries, governments,
civil society, scientific and academic organizations, and international
development organizations. The imperative of STI capacity building and
the necessary international response were the topics discussed by the
Forum’s keynote speakers.

Keynote Speakers

. “It is not ble t ‘gi
In his keynote address to the Forum 19 Ot Teasonable to say, give tp

participants, Paul Wolfowitz, presi-
dent of the World Bank, framed the
Forum'’s challenge in terms of the
MDGs. The MDGs, he explained,
should drive the great majority of
the work at the World Bank and
other development institutions. But
this focus on the MDGs may some-
times foster an attitude—probably
more often in the back of people’s
minds than on the tip of their
tongues—that S&T capacity build-
ing is a dispensable luxury for
developing countries.

Also in the back of people’s minds may be the unspoken view that
“these poor countries aren’t ready to deal with these advanced
subjects. Give them a couple of decades or more, but S&T is for the
rich countries.”

But this simplistic view is wrong. The MDGs are an incomplete guide to
poverty reduction. For example, there is no MDG for jobs, and yet jobs are
very much at the heart of poverty reduction. This is not a critique of the
goals themselves, he stated, just a plea to look a little broader.

the intellectual excitement that you
found in Cambridge or in Washington,
or in Paris or in London.” One goal of
building STI capacities in developing
countries is to find a way to capture
some of that intellectual excitement—
because while it is nice to get to
remittances, it is much, much better
to have people come back home to
contribute to their country’s economic
development.”
—Paul Wolfowitz, president,
World Bank, speaking at
the Global Forum
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So why is STI capacity building so important to the poverty reduc-
tion agenda?

First, although much is still not understood about what makes devel-
opment work, and what makes some countries succeed and others not,
there is no question that education—investing in people—is one of the
biggest contributors to growth and poverty reduction. As recently as 40 years
ago, the Republic of Korea was regarded by economists as a hopeless bas-
ket case. It had no natural resources, which we have since learned does
not matter that much; it had lots of corruption; and it was burdened
with a Confucian ethic that taught that gentlemen don’t work, but
instead they wear white clothes and grow long finger nails to demon-
strate their contempt for manual labor. Of course, it is now that same
Confucian ethic that is supposed to explain not just the success of Korea
but every other country in East Asia.

Korea systematically educated its population and did not stop at
fourth grade. The country did not stop at middle school. It did not
stop at secondary school. Today, 89 percent of Koreans have some degree
in tertiary education, which would make it the highest percentage of any
country in the world.

Korea’s achievement in education is stunning, and the success of its
economy is equally stunning. It went from being one of the poorest coun-
tries in the world, to being the 10th largest economy. The cause and effect
are clear: it is not possible to have a strong education system if it is focused
solely on primary education. While primary education is obviously critical,
it is important to have teachers who inspire children in primary school
to go beyond basic education. There needs to be a continuum, and there
needs to be balance in that continuum, but focus cannot just be on the
lower levels of the education system, even if those lower levels are the
major concern.

Second, much of STI capacity building is about applied S&T, and that
has incredible value for development.

Third, countries can now have access to advanced technology without
having to develop it themselves. But they have to learn how to use it and
exploit it for economic development purposes. Ireland, for example,
went from being one of the poorest countries in Europe to one of the
most successful by leapfrogging over older technologies to adopt the
newest technologies and incorporate them into its economy and society.
Today’s developing countries must learn how to emulate Ireland.

Fourth, STI activities are magnets for talent. And this highlights one
of the biggest challenges: reversing the brain drain. Talented people need
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to stay in developing countries, to be productive in their countries, and
to contribute to their countries.

It is not reasonable to say, “Give up the intellectual excitement that
you found in Cambridge or in Washington, or in Paris or in London.” So
a goal of building STT capacities in developing countries is to find a way
to capture some of that intellectual excitement—because while it is nice
to get remittances, it is much, much better to have people come back
home to contribute to their country’s economic development.

Resources are limited. The amount of resources that can be applied
by poor countries to S&T is going to be limited. But there needs to be
balance. Zero investment in S&T will condemn poor countries to impov-
erishment and low levels of development, and that is something we can-
not afford.

* 3k ok

R. A. Mashelkar, president of the
Indian National Science Academy
and president of the Global
Research Alliance, observed that
the Global Forum was one in a
series of moves by the World Bank
to become more actively and com-
prehensively engaged in STI capac-
ity building. He recalled the
November 2004 meeting with

“Innovation, is about doing different
things, and doing them differently.
[Through innovation] even the poor
can afford better products with lower
prices and superior performance.”
—R. A. Mashelkar, president, Indian
National Science Academy, and
president, Global Research
Alliance, speaking at the
Global Forum

then-World Bank President James

Wolfensohn that confirmed the importance of STI capacity building as a
World Bank strategic activity and a priority for socioeconomic develop-
ment. The events coming out of that initial meeting, including this Global
Forum, should presage an expanded involvement by the World Bank and
the development community in this critical area of STI capacity building
for development.

STI capacity is critical for every country’s development. When placing
the countries of the world on a diagram with two axes—economic
strength and indigenous S&T capacity—the strongest and most developed
countries have achieved both and fall in the upper-right quadrant.

Unfortunately, much of Sub-Saharan Africa is in the lower-left
quadrant, as illustrated in figure II.1, but other developing countries have
recently moved into new quadrants. Some developing countries have
achieved high levels of capabilities in S&T that have not yet been fully
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Figure Il.1. Indigenous S&T Capacity
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Source: Mashelkar, Global Forum presentation.
Note: S&T = science and technology.

translated into economic strength. He categorized these countries in the
lower-right quadrant as Innovative Developing Countries (IDCs). These
countries are breaking away from other developing countries and have a
good chance to catch up to the advanced nations. Yet, these countries
still must apply their STI capacities more effectively to their socioeco-
nomic development to achieve true sustainable development.

The positions of the countries on the figure are not fixed—countries
can change their place. A World Bank comparison of economic growth
in Korea and Ghana from 1960 to 2000 demonstrated the additional
economic growth in Korea versus Ghana over this time period. The
high growth in Korea was achieved through investments in STI and
knowledge. In 1960, Korea was in the place that Sub-Saharan Affrica is
now—the bottom left. Yet it moved to the top-right section by advanc-
ing its S&T capabilities and, most important, by turning those S&T
capabilities into engines for economic growth. There is hope for
Ghana, and every other country, to move to this top-right quadrant, as
illustrated in figure II.2—if it builds appropriate STI capacity.
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Figure I1.2. Growth in Indigenous S&T Capacity
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Source: Mashelkar, Global Forum presentation.

What should guide countries in developing STI capacity? Mashelkar
suggested that STI stands for science, technology, and innovation, but it
also stands for solve, transform, and impact. These are the objectives that
should guide capacity building efforts, investments, and programs.

e Are we funding science that will solve the problems of the poor?
® Are we working on technology that will transform society and the econonmy?
e Are we working on innovations that will make a real impact?

With this interpretation, STI can be focused on the problems of the
poor: poverty, illiteracy, education, health care, water, energy, connectiv-
ity, and others—the problems articulated and addressed by the MDG:s.
Furthermore, this means thinking of those in poverty as innovators
themselves. Innovations generated with inclusion and participation of
the communities affected are the most effective.

Innovation, is about “doing different things, and doing them differently.”
So what does this mean in practice?
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It means that innovation can enable us to rethink the traditional
price-performance envelope. Although traditional thinking stated that
products with superior performance automatically carried a higher price
and products with a lower price were, therefore, of inferior quality, modern
technology and innovation allow us to say even the poor deserve better
products with lower prices and superior performance. Figure 11.3 illustrates
this new model of product development.

For example, this rethinking has led to the $100 laptop and the
Simputer—offering superior solutions for the poor. It has led to the Jaipur
Foot,! an artificial foot used in nine countries that not only costs $30
instead of $3,000, but also offers superior performance—in sand, in soil,
and in rain-soaked rice paddy fields.

And this rethinking of innovation has offered new paths for drug devel-
opment. As drug development times and costs have risen at pharmaceutical
companies tied to old methods of drug discovery, new companies are using
new methods of drug discovery to bring affordable medicines to the poor.

To accomplish this, a golden triangle is being formed between traditional
medicine (the strength of developing countries), modern medicine, and
modern science. This has led to a reverse pharmacology (drug discovery)
process. Traditional medicines, already in use in different cultures, are vali-
dated with modern science and produced with modern techniques. This has
led to affordable treatments for psoriasis, type II diabetes, and osteoarthritis,
for example.

Figure 11.3. Old Model versus New Model

Old model New model

for rich

for poor

for poor

performance —p»>
performance —p»

price —)> price —)>

Source: Mashelkar, Global Forum presentation.

1 For a discussion of the innovation behind the Jaipur Foot, see http://www.nextbillion.
net/files/JaipurFoot.pdf.
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Innovation also means that India could succeed in eliminating illiteracy
in its population in five years instead of the projected 20. A technology
called Computer Based Functional Literacy, designed by Tata Consulting
Services (TCS) and based on theories of cognition, languages, and commu-
nication, has already brought literacy to 40,000 persons in five countries
and five languages at approximately $2 per person. Large outcomes, there-
fore, are achievable through small investments, harnessing achievements in
S&T. Expanding this technology to the 200 million illiterate people in
India would cost less than a half billion dollars.

The challenge is to find ways to get the best minds of both the developing and
industrial world to work on the problems of the poor. This can be initiated in
several ways:

First, new networks must be formed to bring together scientists and engineers
from around the world. The GRA? brings together nine institutions and
60,000 scientists from five countries, rich and poor, to work on problems of
poverty—providing clean water, access to energy, access to health care, and
others. This network brings together geographic and intellectual diversity
with scientific credibility to tackle the world’s most pressing problems.

Second, new approaches to North-South and South-South collaboration
in STI must be fostered. The InterAcademy Council® of Science
Academies from around the world, for instance, is working to revitalize
African universities. And the GRA is bringing together scientists from
around the world to work on a regional approach to climate change in
Sub-Saharan Africa, where the effects of climate change are expected to
be felt acutely.

Third, competitive funding mechanisms specifically focused on the problems
of the poor are needed. This coupling of the great intellectual challenges of
the problems of poverty with needed financial support can bring to bear
huge resources.

The Bill and Melinda Gates Foundation demonstrated this idea with
its grand challenges to improve childhood vaccines.* These challenges
drew interest from the most advanced institutions, from Harvard to Yale
to Oxford and Peking University.

Finally, the World Bank and its development partners must innovate in their
own support of STI and use STI capacity building as an engine for development.

2 See http://www.research-alliance.net/.

3 See http://www.interacademycouncil.net/.

4 More information on the Grand Challenges in Global Health is available at http://
www.gcgh.org.
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For instance, the World Bank has funded well-reviewed industrial technol-
ogy development programs in India and elsewhere. Can it now move to
global technology development programs? Can it move from funding insti-
tutions to funding research and technology networks? Can it fund grand
challenges in clean water technologies and other areas in a way similar to
the Gates Foundation funding for health challenges? Can all the funding
agencies represented at the Global Forum band together to fund projects
together, on a broad basis? Can STI be integrated into World Bank socioe-
conomic projects? Can STI for development have primacy in both the
World Bank’s strategy and structure? Will the development community
support the important recommendations of the 2007 African Union
Summit, which focused on S&T in Africa?

The World Bank investment of $4 billion over 20 years in 20 countries
to support STI capacity building projects is not sufficient to meet today’s
challenges. The high returns generated by these projects justify a much
greater financial commitment from the World Bank and other development
agencies. For example, just $2 million given through a World Bank—funded
program helped Shantha Biotech, a nonprofit company in India, develop an
-DNA (hepatitis B) vaccine affordable to developing countries. Shantha
now produces doses for 18 rupees and provides 40 percent of the United
Nations Children’s Fund’s (UNICEF’s) supply.”

This combination of the world’s companies, countries, people, and
wealth represents a model of a new partnership for helping the world’s
poor. It is a PPPP—a public-private partnership for the poor. And it is this
combination that will lift up the 4 billion people in our world who still
live on less than $2 a day.

k ok ok

Joy Phumaphi, vice president, Human Development Network, the
World Bank, described how scientific and technological advances affected
her own childhood in a rural village in Botswana. Many improvements in
the day-to-day lives of the community members were made possible only
by the application of such appropriate technologies as water pumps and
solar power.

The Forum should have three main objectives:

First, Forum participants should seek to learn how the private sector
and nongovernmental organizations (NGOs) apply technology to meet
development challenges. Today, these organizations are frequently the

5 For an article on the impact of Shantha Biotech’s vaccine, see http://www.biospectrum
asia.com/content/200807IND4158.asp.
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leading innovators in scientific
and technological areas. Forum
participants should incorporate
these lessons into their analytical
work and policy advice.

Another objective is to translate
the intellectual consensus around
the importance of STI capacity
building into specific capacity
building policies and programs.
STI capacity building projects
should have immediate, measura-
ble effects on peoples’ lives and
well-being. This means helping

“Over the past 10 years, an explosion
of high-quality research and analyti-
cal work has effectively demonstrat-
ed the importance of STI capacity
building . . . in all countries around
the globe. The task . . . is to translate
this intellectual consensus into con-
crete capacity building policies and
programs.”
—Joy Phumaphi, vice president,
Human Development
Network, World Bank,
speaking at the Global Forum

local communities—people and firms—build the scientific, technical, and
vocational skills needed to bridge the gap between the industrial and
developing world. Development partners must design projects to sup-

port this local capacity building.

Finally, Forum participants should learn from each other. The Forum
brought together a diverse group of inquiring minds representing much
of the latest thinking on STI capacity building. It offered a tremendous
opportunity to learn from the colleagues, technologists, scientists, and
students gathered from around the world. Policy makers from Rwanda
and Colombia have much to share and learn from each other.

Three sets of questions should guide the Forum agenda:

e First, how critical is STI to the mission of the development community?
If STI is essential for poverty reduction, why isn’t STI capacity
building a pillar of the development agenda? Why is it not reflected in

more PRSPs?

* Second, what precisely do we mean by STI capacity building? Building
capacity to conduct world-class R&D or building the capacity of vil-
lagers and small businesses to deliver clean drinking water and design,
produce, and sell more fuel-efficient cooking stoves? Pushing the global
knowledge frontier or solving practical, everyday, local problems?

e Third, what are the operational implications for development organi-
zations? How can local capacity building concerns be incorporated
into project design and become inputs into PRSPs? How can donors
harmonize their support for STI capacity building? How can countries
work together to share STI capacity building challenges?
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The objective of the Global Forum is not merely to talk about the
importance of building STI capacity for development, but rather, it is to
bring about a shift in the way we do business. The Global Forum must
explain how this can be done.

ok ok ok

“In today’s knowledge-based economy,
people represent the most critical
national resource, especially in science,
technology, and engineering. It is from
these disciplines that we can antici-
pate many new opportunities. So
creating the human capital necessary
in engineering and technology must
be an urgent focus for all countries.”
—Wayne Johnson, vice president of
university relations worldwide,
Hewlett-Packard, speaking at the
Global Forum

Wayne Johnson, vice president
of university relations worldwide,
Hewlett-Packard (HP), provided a
private sector perspective on STI
capacity building. HP’s operating
dictum is “think locally; act glob-
ally.” HP acts globally in the sense
that it scours the world for both
markets and talent; it thinks local-
ly in the sense that it tries to work
with local universities and govern-
ments to create a supportive STI
capacity building environment—

one characterized by mutually sup-
portive relationships between universities, industry, and government. If
any one of these links in the chain is weak, the capacity building
system will not work effectively. For example, governments need to
create clear intellectual property laws and regulations to ensure that
the right to commercialize the inventions and discoveries created in
the course of private sector—university collaborations is clear and
unambiguous.

The “worldwide intellectual equilibrium” is evolving rapidly. Developed
countries and regions like the United States, Japan, and the European Union
must now compete with rapidly expanding talent pools in developing
regions. For example, in 2004, 300,000 engineers graduated from Chinese
universities and 200,000 graduated from Indian universities, compared with
approximately 60,000 from U.S. universities. Not surprisingly, HP now
employs 60,000 people in the United States and 90,000 people outside the
United States, where markets and talent reside.

In many parts of the world, including Africa and Latin America, HP’s
growth is limited by the supply of “trained people to do the work that
needs to be done.” The limiting factor, in other words, is not local demand
but rather the supply of skilled manpower to meet that demand. This
manpower shortage applies to technical workers who can maintain and
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install electronic equipment, as well as to scientists, engineers, and profes-
sors who can work in HP research laboratories and train the next genera-
tion of scientists, engineers, and technicians. Buzzwords like “downsizing,”
“rightsizing,” “rebalancing,” “offshoring, outsourcing,” and
“insourcing” reflect the corporate sector’s attempt to stay competitive in the
face of these market opportunities and staffing shortages. For example,
offshoring is really a synonym for creating shareholder value wherever the
markets and talent exist.

If developing countries hope to profit from these “unrelenting global
changes,” they need to develop coherent, effective STI capacity building
programs. HP and other corporate partners are prepared to help. For
example, the Engineering for the Americas Initiative is an ongoing com-
prehensive partnership between the Organization of American States,
the Inter-American Development Bank, the World Federation of
Engineering Organizations, Microsoft, HP, and the U.S. Trade and
Development Agency, among others. As the name suggests, the broad
objective is to improve engineering education in Latin America. The pro-
gram is motivated by the belief that engineering education is one of the
most critical ingredients for development. With this in mind, HP and
other corporate partners hope to launch an Engineering Africa Initiative
in the near future.

» o« » o« » o«

onshoring,

In conclusion—

¢ Developing countries face a long list of problems related to water,
energy, health, agriculture, and biodiversity, among others.

e Engineers are critical to solving all of these problems. Engineers
convert science into marketable products. Therefore, they must be
seen as an essential national resource.

e Public policy directs society’s investments. Advancing PPPs, especially
in the area of engineering education, is a key to sustainable results.

e Public advocacy is required to create a consensus around the impor-
tance of education excellence and national competitiveness.

* %k ok

In his remarks closing the Global Forum, Calestous Juma, professor
of the practice of international development, Kennedy School of
Government, Harvard University, said that the structure of S&T in most
developing countries operates below its capacity; the whole is smaller
than the sum of its parts. He argued that countries must address three
challenges if they hope to integrate innovation into their economic
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“STI institutional reforms are so fun- development strategies: (i) targeting
damental that it is not financial capi- STI capabilities to the country’s
tal, but political capital, that is most critical development problems;
needed to bring innovation into the (ii) aligning the institutions gov-
center of development policy. STI erning STI toward economic
reforms require executive leadership development; and (iii) mustering
to champion even minor changes.” the political leadership needed to

—Calestous Juma, professor of the  overcome entrenched opposition
practice of international development, to STI governance reforms.
Kennedy School of Government, In the current age of technologi-
Harvard University cal abundance, Juma stated, the
challenge for developing countries
is not to push themselves onto the frontiers of scientific knowledge, but
rather to put readily available knowledge to use. This does not exclude
investment in basic research; such research should be part of problem-
solving efforts. Why are more countries not developing the capacity to uti-
lize available knowledge? Why are they focusing instead on R&D, even
though the volume of readily available knowledge is doubling every year
and even though very poor countries have access to more knowledge today
than their predecessors ever had?

Too many developing countries are uncritically adopting the OECD
model of technological development, and too many development insti-
tutions are unwittingly aiding and abetting this process. Technology
policies in OECD countries generally focus on expanding the frontiers
of scientific research. This OECD model is based on the race to gain a
competitive edge by developing new products based on new, frontier
technologies. This makes sense for OECD countries, where many firms
compete by embedding these emerging technologies in products that
are new to the world or by using new scientific knowledge to improve
existing products.

This model has been exported to the developing countries, where it has
the unfortunate effect of encouraging them to focus on such inappropri-
ate targets as the number of patents filed at the U.S. Patent and Trademark
Office or the share of GDP devoted to R&D. These targets are not only
inappropriate; they divert attention from using existing scientific and tech-
nical knowledge to meet basic needs, improve competitiveness, and
protect the environment. What is referred to as S&T in most developing
countries is often reduced to R&D, rather than innovation. The process of
innovation focuses on the diffusion of existing knowledge through goods
and services and often relies on existing knowledge.
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To profit from such knowledge, developing countries do not need to
devote the bulk of their time and attention to building institutions that
produce new knowledge. What they need instead are institutions that
have the capacity to find and help governments and private enterprises
utilize the existing knowledge embedded in the thousands of patents
that expire every month around the world. The XO laptop promoted by
the One Laptop per Child Foundation is an example of an innovation
model that relies on harnessing existing knowledge and putting it to new
uses. This does not exclude basic research; but such research is focused
on bringing new education technologies to solve persistent problems in
fields such as health, education, and environmental management.

Many African presidents are now developing programs to boost science,
technology, and engineering education. This has the potential to be a very
positive development. But it is likely to fail if it continues the practice of
separating research, teaching, and extension (or commercialization).
Under this model, universities teach and government research institutions
perform research. Teaching and research must be combined and linked to
the needs of industry and society in general.

Unfortunately, STI governance structures in much of Africa reinforce
this dysfunctional separation between research, teaching, and extension.
Bureaucratic constituencies protect their turf by fighting to maintain this
separation and enshrining the status quo in laws that prevent universities
from receiving public research funds. Ministries of education and univer-
sities frequently resist the establishment of new university models that
combine research and teaching. Moreover, ministries of S&T tend to resist
reforms that would encourage universities to develop research programs.
In many countries, STI functions need to be coordinated with the urgent
task of providing basic infrastructure services. This field largely relies on
existing knowledge and yet it provides a solid foundation for subsequent
technological development. Institutions of higher learning, for example,
could contribute significantly to economic development if they were
directly linked to infrastructure development projects. Those linkages will
also make their curricula, teaching methods, selection of students, and
internal governance structures more relevant to local needs.

But much of this will not happen if existing incentive structures in
universities are not changed. Laws regulating the registration of new
universities need to be reviewed in light of advances in education tech-
nologies. For example, many countries still require universities to own
large tracks of land (up to 20 hectares) to qualify for registration. The
rules specify how much space should be allocated to stacks of books in
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libraries. But in a modern world, where much of the learning has gone
digital, such requirements only serve to stifle the growth of higher
education and to banish new universities from centers of economic
activity, such as cities where land is scarce but knowledge and business
connections are abundant.

Government officials responsible for overseeing such outmoded and
detrimental laws are unlikely to seek change because most of them come
from conventional universities that provided the initial standards. Many
will acknowledge that the laws are restrictive, but they will hardly initiate
reform. Overcoming these vested interests requires committed executive
leadership by heads of state or government. The focus of the leadership
should be to align research and higher education functions with socioeco-
nomic objectives. Over the last 50 years, many newly industrial countries
fused their economic policy and their S&T policy.

These fundamental institutional reforms cannot be driven by sectoral
ministries of S&T or by education alone. These ministries are typically
driven by vested interests and spend much of their time protecting the
status quo. In some countries, national research institutes serve as step-
ping stones for promotion into senior government positions. These insti-
tutes serve little economic purposes other than acting as pathways for
professional advancement. The impetus for change will not readily
come from within such ministries; executive leadership is the most
obvious source of reform. Presidents will need to be supported by
reformists, not simply by scientists as ministers. Reforming the system
will require leaders who understand the legal issues, not simply experts
in one scientific discipline or another. The issues may be constitutional,
and so knowledge of law may do more for scientific enterprise than
mastery of emerging fields of research.

Executive offices need to work on the basis of the best available
scientific and technical information provided by designated advisory
offices. In other words, presidents and prime ministers must invest the
political capital needed to foster change, otherwise the system will
continue to be ruled by incumbency and little will change.

It takes political commitment to apply STI successfully to a country’s
development challenges. STI institutional reforms are so fundamental
that it is not financial capital, but political capital, that is most needed to
bring innovation into the center of development policy. STI reforms
require executive leadership to champion even minor changes.

Without long-term institutional reforms led by committed political
leaders, STI will remain marginal to development objectives. Political
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leaders are needed to advance the agenda discussed at the Forum. Only
then will the whole be greater than the sum of its parts.

* ok %

Session 1: Reducing Poverty and Achieving the MDGs

The two panels in Session 1 explored the role of STI capacity building
in reducing poverty and achieving the MDGs. Panelists addressed the
following three questions:

e How can targeted STI capacity building efforts foster the develop-
ment and diffusion of appropriate technologies that are adapted to
local conditions and likely to be adopted by local villagers?

e What sort of technology development institutions and what sort of tech-
nology development attitudes are most likely to result in useful, useable,
and widely used technologies?

e How can technology development institutions foster local economic
development?

Amy Smith emphasized that the key to successful development and
dissemination of appropriate technology is to involve local innovators in
a process of “co-creation.” Technologists must work with local commu-
nities and entrepreneurs on problem identification, technology design,
and production of goods and services embodying that technology, if
there is to be any hope of widespread diffusion and adoption.

Parker Mitchell observed that many widely available, potentially use-
ful technologies are not being adopted by local villagers. This is because
these technologies were not developed with the community and the
end user’s perspective in mind. This perspective may be quite different
from those of technology development workers who tend to focus on
finding technically optimal, low-cost solutions. Mitchell emphasized
the importance of developing an extensive network of field-workers
who can spread technologies throughout their communities.

Frans Doorman and Gerard Hendriksen argued that entrepreneurship
and small businesses are the keys to successful technology diffusion pro-
grams. They noted that many technology development institutions tend
to be technology driven with little understanding of, or interest in, the
end user’s perspectives. These institutions tend to have weak linkages to
the private sector. They also have a limited interest in finding an appro-
priate technology—which can be an existing technology in widespread
use elsewhere or a new technology developed in the institution—and
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transferring it to local entrepreneurs for mass production, distribu-
tion, and marketing. Solving this problem will require changing the
mind-set, skill set, and incentive structure of workers in technology
development institutions.

Andy Hall argued that building innovation capacity entails much
more than strengthening the scientific capacity of local R&D institutes.
Rather, successful innovation programs entail promoting interactions
between research institutes and savvy enterprise managers who are trying
to exploit what they hope will turn out to be a profitable market niche.
Research has to be driven by the needs of the market, in response to pro-
duction problems identified by entrepreneurs. It cannot be driven by sci-
entists proceeding on the hope that their research results will eventually
be adopted by an entrepreneur.

Charles Gore focused on the need to see STI capacity building
policies as part of a broader effort to create and develop productive
capacities and productive employment. Productive capacities are the
resources and institutions needed for countries to produce goods and
services and to grow and develop. They are generated by savvy entrepre-
neurs working with skilled workers. Building productive capacities
creates the demand for innovation, skill development, and technologies.
All too often, STI capacity building programs focus exclusively on
increasing the supply of research, technologies, credit, and skills.
Unfortunately, these well-intentioned supply-side policies will not
succeed if they are not complemented by demand-side policies to foster
the creation and development of productive capacities. STI capacity
building programs need to focus on these demand-side issues as well as
on the traditional supply-side programs.

What the panelists said . . .

Building STI capacity is essential for poverty reduction and local
economic development, but appropriate STI capacity must be built in
the appropriate way if it is to achieve these laudable objectives.

+ Atechnology will not be appropriate if it is not attuned to the user’s technical,
economic, and social needs. This is not difficult to do in theory, but it is easier
said than done, as evidenced by the many failed, but well-intentioned, tech-

nology development programs.
(continued)
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Technology development and dissemination has to be a process of “co-
creation'—engineers, scientists, and technicians working in partnership with
local communities and local innovators.

Local entrepreneurs who are attuned to local needs and economic and socio-
cultural requirements should be involved from the outset in the technology
development process. They should not be relegated to an afterthought.

Because technology diffusion and adoption are the critical bottlenecks in the
technology development-adoption-diffusion supply chain, STI capacity build-
ing should couple the development of technical skills with an emphasis on
the development of analytical, commercial, communication, networking, and
partnering skills.

Building innovation capacity goes beyond strengthening research. Institutional

change, in the form of new ways of working, is needed. These changes must
support stronger patterns of interaction between research, enterprise, and
developmental organizations.

The development of productive capacities should be at the heart of national
and international policies to promote poverty reduction and wealth creation.

Important lessons of experience that emerge from appropriate
technology programs include the following:

+ Developing an appropriate technology is relatively simple and straightforward.
The technological know-how needed to solve many common problems is
already widely known. The critical challenge is developing an appropriate tech-
nology that will be adopted by local communities. Effective STI capacity
building programs cannot afford to ignore this facet of the technology
development process.

Technology should not be distributed for free or at subsidized prices. Sustain-
able economic development can be achieved only if the technology devel-
opment programs support entrepreneurs in developing, producing, and
marketing appropriate technology in a commercial manner.

+ In too many countries, universities and government research institutes are not
demand driven. They need to become much more demand driven if they wish
to become effective instruments of economic growth and poverty reduction.

Building productive capacities, which creates the demand for technology and
skills, is just as important as programs designed to increase the supply of skills
and technologies. Sustainable development will be impossible if STI capacity
building programs stress one facet of the supply-demand equation and ignore
the other.
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Session 1, Panel A: Building Local Capacity for Developing

and Diffusing Appropriate Technologies

Amy Smith: successful technology development requires co-creation: technol-
ogists working with local communities and entrepreneurs

In her presentation, “Building STI Capacity: A Designer’s Perspective,”
Amy Smith, senior lecturer at MIT, emphasized that the key to success-
ful technology development and dissemination is to empower local
innovators. If engineers and aid workers simply provide technology,
villagers are not likely to use it. Technology development has to involve co-
creation if there is to be any hope of widespread diffusion and adoption.
In the well-known analogy of fishing, technology development should not
be limited to giving people fish or to teaching them how to fish. It should
also teach them how to make and improve fishing equipment.

There are three requirements for empowering local innovation. The
first is “transparency” of technology, meaning that the working of the
technology must be fully understood and understandable by the local
community. Second, innovators and producers must have sufficient
access to the supply chain, in terms of being able to obtain all needed

Box II.1
Finding an Unexpected Use for an Existing Technology

An example of people recognizing and using tools that are useful in their partic-
ular situation—even if those tools are actually designed for other uses—is that
of a young Thai woman using light sensors built into a Lego (a toy construction
system) structure to switch lights on and off on a fish farm. The girl had learned
about the existence of the Lego blocks from a Thai graduate student who had
studied at MIT. At the fish farm, the lights are turned on in the evening to attract
insects that the fish can feed on at night. The lights are subsequently turned off
in the morning. Initially, a young girl had to walk half an hour from her village to
the fish farm and back—twice a day—to switch the lights on and off. The infor-
mation she obtained about the Lego sensors allowed her to apply this technol-
ogy to solve her particular problem of having to spend two hours a day to
switch a set of lights on and off.

Source: Smith, Global Forum presentation.
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materials to produce and market the technology themselves (see box II.1).
And, third, they must have access to capital so that they can finance both
the production and purchase of the equipment.

Co-creation is the third paradigm that has been used by the development
community to discuss the development and transfer of appropriate tech-
nology. The first paradigm involved the intended beneficiary community
only at the stage of adoption of a ready-made solution: a technology is
developed by outside experts, on the basis of their perception of what was
needed, and is presented to the intended users for adoption. The second
paradigm involved the community in problem identification; however,
technology development remained the domain of the external experts.
The third and current approach, pioneered by the MIT D-Lab (with proj-
ects in six countries, involving more than 20 technologies, with the D
standing for development, design, dialogue, and dissemination)® involves
co-creation: that is, helping communities to develop the technology and
tools that they need to solve their problems. The entire design process,
from problem identification to idea generation, concept evaluation,
detailed design, fabrication, and testing and evaluation, is done with com-
munity involvement. This approach is that of evolutionary (rather then
revolutionary) design—building on and further developing what has

Box 1.2
Water Chlorination in Honduras

The case of water chlorination in Honduras involves the design of a simple system
for chlorinating drinking water collected in water tanks. The original chlorination
system involved placing a small tank with a chlorine solution on top of the water
tank. A flow regulator automatically released small quantities of chlorine into the
water tank.

Initially, the regulator did not work properly. As a result, the local plumber who
was maintaining the installation was criticized by community members for not
doing his work properly. The D-Lab team designed a new regulator made from
locally available materials, together with the plumber who, in a process of co-
creation, contributed several design suggestions. More important, when the

6 For a discussion of recent D-Lab activities, see http://www.nytimes.com/2007/09/11/
science/11mit.html.
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D-Lab team returned a year later, they found that the plumber had made several
improvements to the original design. In subsequent years, the plumber trained
people to make the device—first in his own village, then in a neighboring village,
and in following years in 5, 13, and 26 other villages.

Through co-creation the plumber had become an expert, conducting
workshops for various target groups and expanding a profitable business in
water chlorination—a good example of a local innovator being empowered to
produce and market relevant technology in a sustainable manner and on an
expanding scale.

Source: Smith, Global Forum presentation.

already been developed. An additional important element is to stimulate
local innovators and entrepreneurs, for example, the case of a Honduran
technician improving on and marketing a simple drinking-water chlorina-
tion system initially developed and applied by D-Lab (see box 11.2).

Parker Mitchell: the real challenge of appropriate technology lies less in its
design than in its implementation—requiring a re-focus on the end user’s
perspective

Parker Mitchell, chief executive officer, Engineers Without Borders,
Canada, also emphasized the importance of involving the community in
the development and implementation of appropriate technology. It is
essential to develop an extensive network of field-level workers—an army
of practical individuals who can spread technologies throughout the local
community. It is not only the technical performance of the technology that
is important, but also, and perhaps even more so, its economic and socio-
cultural acceptability. The key factor in successful technology develop-
ment and diffusion is the perception of the intended beneficiaries. These
perceptions may be quite different from those of development workers
who tend to focus on finding technically optimal, low-cost solutions. A case
in point is the limited uptake of low-cost bricks in one African country.
These low-cost bricks were viewed by the intended beneficiaries as a sign
of poverty compared with the more expensive cement blocks, which
were viewed as an important status symbol. Another example of the
importance of sociocultural factors is that of conservation farming in a
rural African community, where increased yields were not seen as the
result of the technology, but as that of plain good luck or even witchcraft.



60 Science, Technology, and Innovation

Overall, then, the problem is that potentially useful technologies exist
but are not being adopted. Ian Smillie has chronicled 30 years of appro-
priate technology development by over a thousand appropriate tech-
nology organizations (Smillie 2000). Thousands of technologies were
developed, but only a fraction was actually utilized, especially in Africa.
According to Smillie, implementation is usually locality specific—for
example, a solution that works in northern Ghana will be different
from one that is adopted in southern Burkina Faso. It is also dynamic,
meaning that it has to adapt to changing circumstances. Implementa-
tion fails because development workers do not sufficiently understand
behavior change and how “beneficiaries” react to ideas. There is no
recipe to be “handed” to field staff to “implement.” Instead, impact is
achieved only by understanding a community’s particularities and get-
ting to know the users’ perspective.

Technology development and diffusion, therefore, must start with
the users’ perspective, which can be obtained either by embedding
outsiders in the community or, even better, by employing local resi-
dents as technology agents. Effective development agents require a
combination of technical and communication skills, a good sense of
development realities, and an understanding of what is happening in the
local community. For larger-scale dissemination, a network of frontline
workers is required. And required at all levels is an entrepreneurial
attitude and approach.

Many technologists do not appreciate the insights that can be
gleaned from users. They do not want to hear complaints about their
product. And they especially do not want to hear that their product
is not what people want. Whereas the entrepreneur starts by identify-
ing needs, demands, and products to sell, all too often, the technology
development worker starts with a product that he or she thinks
should be useful and then expects it to be adopted. The underlying
problem is that technology producers are not as a rule accountable to
end users and the market, because their funding comes primarily from
other sources—whether NGOs or the government. Changing atti-
tudes, therefore, requires creating accountability to end users, and it
requires competition, which, in turn, entails bringing such factors as
entrepreneurship, markets, and small businesses into the technology
development business.

A final obstacle to accountability is supplying free inputs: for technol-
ogists it is easier to disseminate technology, even inappropriate or
unwanted technology, when it can be given away. This is because per-
formance is often measured by the numbers of units that are distributed
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rather than the impact of those units in solving concrete problems.
Worse, giving technology away creates a culture of dependency by
destroying self-initiative: the attitude that one only has to wait for out-
siders coming in to do something for free. Yet self-initiative is one of the
most important behaviors needed for people to reach and climb the ladder
of development. A case in point is a project involving the free distribution
of treadle pumps. This undermined both users’ and producers’ economic
incentives, with farmers waiting to receive new, free treadle pumps rather
than repairing or replacing damaged ones.
The following strategies address these issues:

® Promote a change in mind-set by listening to end users and under-
standing their perspective. For outsiders, this requires immersion in
end user communities. Even donors—including managers and deci-
sion makers—should be put in regular contact with end users by
(i) immersing in a community for a few days, (ii) “shadowing” com-
munity members, (iii) observing and participating in their daily
work, and (iv) talking in-depth with frontline development workers.
In this way, decision makers can highlight the importance of focus-
ing on end users’ needs.

e Realign incentives so that users’ needs become the focal point and
entrepreneurs will have an opportunity to diffuse technology. Devel-
opment worker incentives should be linked to the interests and
perspectives of end users. There should be incentives to listen to end
users, and performance should be measured in terms of adoption rates.
Mechanisms will have to be designed to accomplish this—for example,
extension workers could receive performance bonuses or commissions
based on the adoption rates of new technologies.

¢ The focus of technology diffusion should be on fostering the commercial
production and marketing of appropriate technology by local entrepreneurs.
Because successful entrepreneurs would presumably be members of
the local community, they should have a good understanding of end
users’ perspectives.

¢ NGOs should not distribute technology for free or at subsidized prices
but support entrepreneurs in developing, producing, and marketing
appropriate technology in a commercial manner. Africa is full of entre-
preneurs waiting for the opportunity to spread technology that meets
users’ needs.

Frans Doorman and Gerard Hendriksen: challenges at an appropriate
technology institute in Rwanda
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Frans Doorman and Gerard Hendriksen, consultants to the Netherlands
Organization for International Cooperation in Higher Education (Nuffic),”
discussed institutional constraints to the effective development, transfer,
and dissemination of appropriate technology by the Centre of Innovation
and Technology Transfer (CITT) in Rwanda. There is a significant gap
between the day-to-day procedures at CITT and the prescriptions for
successful technology transfer and diffusion. In theory, CITT is supposed
to start by conducting a needs analysis. Then, in concert with interested
SMEs, it is supposed to procure or design appropriate technologies to
meet the market needs. SMEs and entrepreneurs would be responsible for
the actual production and marketing of these technologies.
CITT practice, however, looks quite different:

o After six years of technology development efforts, CITT has built proto-
types of about 30 appropriate technologies and produced these tech-
nologies in CITT’s own workshop. It has made direct sales of about 10
of these technologies. However, not a single technology has been trans-
ferred to a private sector firm for production and sales—the expressed
goal of CITT and the key to sustaining the technology’s use in Rwanda.

e CITT has had major success in designing and building, in a semicom-
mercial manner, large-scale biogas installations for prisons, schools,
and hospitals. In these projects, however, CITT competes with the
private sector. CITT thus hinders rather than promotes private sector
development.

e CITT has had a limited measure of success with the introduction and
training of artisans in fuel-efficient, wood-saving cook stoves. Yet
because of heavy subsidies and in some cases incompatibility with end
users’ perspectives and needs (for example, open fire is used not only for
cooking but also for heat and light), the overall impact has been limited,
and production and marketing has not taken off in a self-sustaining
manner on any significant scale.

When comparing CITT’s actual practices with prescriptions for an
effective technology development organization, several notable discrep-
ancies emerge:

e At CITT, the choice of technologies that are developed is determined
by the personal interests of engineers rather than an evaluation of the
end users’ needs and perspectives.

7 The Netherlands Organization for International Cooperation in Higher Education’s
Web site is http://www.nuffic.nl/.
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e CITT rarely factors cost-benefits analysis into its decision-making
process. For a government institute with limited resources in a country
with huge development needs, getting the “biggest bang for the buck”
is of major importance.

e Many potentially useful and effective appropriate technologies already
exist and are widely available; the problem is that they are not being
adapted and adopted in certain African countries. Unfortunately,
CITT rarely engages in systematic searches for available solutions and
maintains no links with organizations and institutions that could supply
relevant technological solutions.

e CITT does not undertake a market analysis of the technologies it works
on, nor does it encourage systematic feedback from end users. In other
words, CITT does not take the end users’ perspective into account.

e CITT has only very weak linkages, at best, with the private sector and
with SMEs.

¢ Rather than encouraging SMEs to produce and market technologies,
CITT produces technologies in its own workshops, thereby competing
with the private sector.

To address these problems, CITT could revise its operating practices
as follows:

e Set priorities for generating and transferring appropriate technology
on the basis of end users’ needs

e Systematically identify and assess potentially relevant technologies—
irrespective of whether they are produced and developed in-house by
CITT or outside CITT and even outside Rwanda—supplied by other
technology development organizations

e Systematically test and adapt selected technologies in partnership
with SMEs and end users

e Support private sector efforts to mass produce and market the most
relevant technologies

To accomplish these new tasks, CITT will need to recruit new staff
with “soft” skills in networking. CITT needs to communicate with, and
understand the perspectives of, end users and the private sector. New
staff should have analytical skills for needs identification (gaining the
perspective of end users) and feasibility assessments (technical, eco-
nomic, social). Other required skills are related to communication and
marketing, project identification, formulation and management, and
client relations.
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Session 1, Panel B: A Sectoral View on Building STI Capacity

for Meeting the MDGs

Andy Hall: Building agricultural innovation capacity in developing countries:
requirements and lessons

Andy Hall, LINK coordinator at the United Nations University,
Maastricht Economic Research Institute on Innovation and Technology
(MERIT), argued that building innovation capacity entails much more
than strengthening the scientific capacity of local R&D institutes. It
primarily consists of promoting interaction between research institutes
and savvy enterprise managers who are trying to exploit what they hope
will turn out to be a profitable market niche. Policy interventions to pro-
mote innovation should have a long-term perspective and give sufficient
emphasis to facilitating institutional learning.
Innovation capacity entails the following activities:

¢ The scientific and other skills and information present in research
organizations, enterprises, training organizations, and developmental
organizations

e The routines and patterns of interaction within an economy, and the
policies needed to create and put knowledge into productive use

e Learning-by-doing whereby organizations engaging in the innovation
process continually adapt the operating procedures and routines in
response to evolving challenges and opportunities

A recent World Bank report prepared by Andy Hall and colleagues,
entitled Enabling Agricultural Innovation: How to Go Beyond
Strengthening Research Systems (2006), explores the development of
innovation capacity in eight sectors in four countries: Bangladesh
(shrimp, food processing), India (medicinal plants, vanilla), Ghana
(pineapple, cassava processing), and Colombia (cassava processing, cut
flowers). The overall conclusion is that sectors emerge and innovation
occurs primarily because entrepreneurs identify new market opportunities
and pursue innovations to gain market access. Research, by itself, almost
never promotes innovation. The critical ingredient for innovation is an
entrepreneur who finds ways to incorporate the fruits of that research
into a business plan.

The cases highlighted in boxes I1.3 and II.4 show that simply invest-
ing in research is not sufficient for developing innovation capacity. Link-
ages and patterns of interaction between researchers and entrepreneurs
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Box 1.3
The Pineapple Sector in Ghana

The pineapple sector in Ghana is a good example of how entrepreneurs are the
driving force behind the emergence of an innovative sector. The export market
for pineapple and pineapple products was developed in the 1980s by local and
foreign entrepreneurs who recognized the potential competitive advantages
offered by Ghana's favorable production conditions, low labor costs, and prox-
imity to European markets. Different types of producers emerged: large corpora-
tions with their own plantations and processing plants, small companies with a
smallholder production base, and also government or donor-supported farms
working with a network of small producers. Over the years, firms diversified from
raw pineapple to cut and sliced fruits and processed products such as juices. Also,
production for the more lucrative and profitable organic and fair trade markets
was developed.

In spite of its success, the Ghanaian pineapple industry has remained
rather fragmented. Companies have usually looked for technology and
know-how on an individual basis, through their own research or by contract-
ing foreign experts. Although an industry-wide association of Ghanaian
pineapple producers has a mandate to coordinate research and marketing
efforts, it has not worked well in practice. The government has been fairly
successful in linking small producers to export markets through the estab-
lishment of farmer-owned export companies. But in technical matters—
developing new plant varieties, and so on—and the development of the sector
overall, Ghana'’s fairly extensive agricultural research system has played only a
minor role.

Innovation has been hampered by a vicious circle. On the one hand, the
private sector has a low opinion of the quality of work emerging from gov-
ernment research institutes, and this, in turn, leads to low private sector
demand for R&D. On the other hand, the lack of private sector demand leads
the research establishment to ignore the needs of the pineapple sector. As a
result, formal interaction between the private and public sectors is limited
to training in pesticide management and support for compliance with
international food safety standards—with considerable support from inter-
national donors.

Although the pineapple sector has been fairly successful thus far, strong

and growing international competition will require improved cooperation
(continued)
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between companies and research institutes in such fields as production (in
terms of responding to changing tastes and preferences and complying with
increasingly strict international food safety standards), quality management
and control, certification, and marketing. The task facing Ghanaian authorities
is to get the private sector and research establishment to work together to
tackle these problems.

Sources: World Bank 2006; Hall, Global Forum presentation.

Box Il.4
The Cassava Sector in Colombia

The cassava sector in Colombia offers an example of strong interaction and
cooperation between public and private sector players. Over the past two
decades, cassava has developed into an important agro-industrial crop as a
result of favorable market conditions, a conducive policy environment, and
strong cooperation between research institutes and the private sector.?

One key player is the government, which stimulated cassava production and
processing by creating a favorable environment, including support for the creation
of the National Association of Cassava Producers and Processors, an industry asso-
ciation set up to organize and support the commercialization of dried cassava. Yet
another success factor was the support from a strong research establishment led
by the International Center for Tropical Agriculture (CIAT) and the national agricul-
tural research agency CORPOICA (Colombian Corporation for Agricultural
Research). CIAT's interdisciplinary and participatory approach, market develop-
ment orientation, and linkages with cooperative processing plants all helped bring
farmers into the development process at an early stage.

Success factors in Colombia have been the willingness to explore different
forms of partnership, a strong tradition of collaboration in the form of coopera-
tives and industry associations, and the importance given to S&T. Also important
have been effective government support for strengthening the interaction and
coordination within the production chain.

Source: World Bank 2006.
a. For a discussion of Colombia’s evolving Technological Rese