
ABSTRACT
This chapter examines the outcomes of technology trans-
fer policies adopted in the past 20 years by five middle-in-
come countries: Brazil, India, Ireland, Israel, and Jordan. 
The outcomes in those countries suggest that nations 
whose governments enable the assimilation of new tech-
nologies grow faster, create more jobs, and reduce poverty 
levels. The outcomes suggest also that a mixture of gov-
ernment and market strengths are needed to efficiently 
use technology transfer. Without this balance, technology 
transfer will have limited effects.
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patent rights that give them exclusive use of their 
own innovations for a limited period of time. 
Patent rights are essentially “negative” rights: that 
is, they allow one party to exclude others from 
gaining benefit from an inventor’s work, but, of 
course, they cannot ensure that the invention will 
be profitable. In return for the patent right, the 
inventor discloses information in the patent that 
would enable a person who is “skilled in the art” 
(that is, knowledgeable in the field of the inven-
tion) to understand and replicate the invention 
for him- or herself. Patents thus seek to serve both 
the inventor’s and the community’s interests. 

We can see this dual effect in the case of a 
well-known American. George Washington was 
a mill owner and operator eager to improve his 
mill’s productivity. He was interested in new ag-
ricultural technologies, particularly in the Evans 
Mill System, patented by the prolific inventor 
Oliver Evans (U.S. Patent No. 3), and now rec-
ognized as the first mass production process. As 
president, Washington reviewed and signed all 
of the patents issued in 1790; and as the owner 
of the Mount Vernon Gristmill, Washington was 
one of the first to license the new technology. 
This automated mill produced high-quality flour 
using two men instead of six; the mill operated 
continuously and turned out greater quantities of 
flour than the traditional process in a fraction of 
the time. In addition to Washington, within two 
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1. InTRoduCTIon
The founders of the United States understood the 
importance of innovation and took pains to pro-
mote and protect it in the U.S. Constitution:

The Congress shall have power to lay and collect 
taxes, duties, imposts and excises, to pay the debts and 
provide for the common defense and general welfare 
of the United States; but all duties, imposts and ex-
cises shall be uniform throughout the United States; 
… to promote the progress of science and useful arts, 
by securing for limited times to authors and inven-
tors the exclusive right to their respective writings and 
discoveries. (U.S. Const. article I, § 8, cl. 8)

The same principles embodied in this 
Constitution are used around the world today 
to encourage research and development. For ex-
ample, inventors and developers can apply for 
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years, over a hundred other U.S. mills were us-
ing the new Evans technology. Evans’ invention 
changed U.S. mills forever and boosted U.S. ag-
ricultural exports to Europe. It benefited not just 
Evans but the entire country, including George 
Washington.1

Another example, predating Bayh-Dole, 
involving the contrasting paths of penicillin 
and streptomycin underscores the importance 
of incentives to ensure commercialization of 
science. Penicillin was first discovered in 1928, 
and is often cited as a laudable case where the 
innovator, Dr. Louis Pasteur, did not seek a pat-
ent or licensing for the drug. As a result, how-
ever, there was no commercial development of 
penicillin, for more than a decade, until World 
War II necessitated scale-up and mass manu-
facture of the drug.2 In contrast, streptomycin, 
developed by Dr. Salman Waksman at Rutgers 
University in the 1930s, was on a faster track, 
enabled by an early exclusive licensing agree-
ment with Merck.3 

Then as now, a climate that encourages the 
adoption of new technologies will also encourage 
increased rates of job creation, lower poverty lev-
els, and create greater opportunities for economic 
growth. We live in an unprecedented era, how-
ever, when the investment assets of companies are 
increasingly intangible, and particularly suited 
to forms of IP protection.4 Microsoft® founder 
Bill Gates concludes that the nature of the global 
economy increases the need for incentives to in-
novation given “the economic competition between 
nations going forward, particularly with regard to 
the rapid innovation and development in emerging 
countries … We need incentive systems that drive 
that innovation in an appropriate manner, because 
we can no longer compete exclusively on the basis of 
cost of labor.”5 This chapter looks at how technol-
ogy transfer policies have affected countries from 
three different regions (the Middle East, Asia, and 
Europe) in the past 20 years. 

2. WHAT	IS	TECHnoLoGy	TRAnSfER?
Technology transfer is the process of developing 
practical applications from the results of scientific 
research. Defined more broadly, technology 

transfer is anything that increases the capacity 
of people to benefit economically and/or socially 
from innovation.

Technology transfer is a complicated process, 
and the journey from exploratory research to suc-
cessful product can be a long one. R&D falls into 
three categories or phases:

• The primary objective of basic research is 
the advancement of knowledge for its own 
sake. This type of research is exploratory or 
investigative and is often driven by the re-
searcher’s curiosity, interest, and hunches.

• The primary objective of applied research is 
to answer specific questions that have prac-
tical ramifications. These questions may or 
may not arise out of basic research. Applied 
research can be exploratory, but is usually 
more focused.

• In commercial development, ideas arising 
from basic and/or applied research are used 
to create a product intended for commer-
cial sale. 

An example of an R&D process that in-
cludes all three phases is the discovery and de-
velopment of pharmacogenetic drugs: decoding 
the human genome (basic research) led to the 
identification and isolation of particular en-
zymes (applied research), which in turn led to 
the development and testing of drugs (commer-
cial development). This example suggests that 
governments have a significant role to play in 
identifying which areas of innovative research 
can and should be promoted (the initial re-
search on the human genome was a public ef-
fort). Governments also have a role in moving 
inventions from the theoretical level to the ap-
plied level (government-funded research drives 
a good deal of this movement) and in provid-
ing incentives to encourage the development of 
new products and processes arising out of ap-
plied research (for example, forms of intellectu-
al property). But as research moves further from 
basic research toward product development, the 
government’s role in directing this process di-
minishes. For the most part, the market distrib-
utes investment resources much more efficiently 
than the government.
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�. WHAT	fACToRS	pRoMoTE	
TECHnoLoGy	TRAnSfER?	

The core elements of a robust technology transfer 
system are:

1. a durable government commitment to science 
education, research, and related infrastruc-
ture. Governments create an enabling envi-
ronment for science and technology by in-
vesting in education and training (both at 
home and abroad, at secondary and univer-
sity levels), funding basic and early applied 
research, and improving technology-related 
physical infrastructure. 

2. broad rule-of-law protections, including 
strong IP protections. Rule-of-law protec-
tions give individuals the ability to enter 
into enforceable agreements or contracts 
with others; they promise predictable and 
timely judicial remedies in case these agree-
ments or contracts are breached. 

3. reliance on market forces as the engine for 
technology transfer. Market-oriented policies 
encourage risk taking and increased private 
sector investment. 

These three pillars of technology transfer are 
like the three legs of a stool: all are necessary, and 
none of them is sufficient by itself. However, it 
can be difficult to provide all three simultaneously. 
In the mid-20th century, the U.S. government 
thought it strongly supported science, rule-of-law 
protections, and market incentives, but it did not 
grant private rights to publicly funded inventions. 
The effect of this was to greatly weaken market 
incentives for investing in new technologies. Such 
rights only became part of the U.S. technology 
transfer regime with the passage of the Bayh-Dole 
Act of 1980.6 Once government-funded scientists 
were allowed to engage with those who had the 
skills needed to bring products to market, an ex-
plosion of innovation ensued, bringing remark-
able new products in health, agriculture, and other 
fields.

�. TECHnoLoGy	TRAnSfER	pRofILES
The power of technology transfer is available to 
people everywhere, and it is a power that can 

facilitate not just a nation’s research abilities but 
its overall economy. Drawing on his experience in 
Bangladesh, David Sack, observed that:

[W]ell-qualified local scientists generally prefer 
to remain in their home country if they can find 
meaningful employment in institutions where they 
can be productive. Well-functioning institutions con-
tribute to “brain-gain,” thus increasing the scientific 
and economic resources of a country as a whole.7 

No matter what stage of development a coun-
try is in, its government can train scientists and 
encourage them to remain at home by promoting 
a sensible, well-functioning technology transfer 
system. The remainder of this chapter provides 
brief profiles of five middle-income countries 
whose governments, over the past two decades, 
have supported science and education, created 
effective IP protections within a broader frame-
work of strong rule-of-law protections, and used 
the market to efficiently distribute investments 
in commercialization. These countries have de-
veloped successful innovation-intensive sectors 
like biotechnology and information technology 
that have, in turn, produced widespread social 
and economic benefits. The experiences of these 
countries can provide all of us with valuable les-
sons and insight into how to harness effectively—
and fairly—the power of technology transfer. 

�.1 Brazil
The strength and durability of the Brazilian gov-
ernment’s commitment to science education and 
infrastructure are impressive. The State of São 
Paulo Research Foundation (Fundação de Amparo 
à Pesquisa do Estado de São Paulo, also known as 
FAPESP) has supported basic scientific research 
and graduate education at several universities in 
São Paulo for the last half-century. The federal 
Ministry of Health has funded two major pub-
lic research institutes: the Instituto Butantan and 
the Oswaldo Cruz Foundation. In recent years, 
the Instituto Bhutantan has been recognized for 
its role in the development of a hepatitis B vac-
cine.8 The Oswaldo Cruz Foundation has a long 
and distinguished history, including historic 
health and sanitation campaigns against bubon-
ic plague, yellow fever, and small pox,9 and the 
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foundation most recently announced advances in 
development of an algae-based microbiocide for 
use against HIV/AIDS.10

However, Brazil lacks market-based incentives 
to drive private capital into commercial develop-
ment. As Michael Ryan observes, “The Brazilian 
public sector has made substantial investment into 
university and public laboratory research, thereby 
establishing the potential for biomedical technology 
innovations, but the lack of private sector R&D ca-
pabilities and lack of public-private linkages has tra-
ditionally prevented technology from being commer-
cialized into the marketplace.”11 Partly due to these 
weaknesses in its technology innovation system, 
the country’s economic growth in the 1970s and 
1980s faltered.12 Currently, two-thirds of R&D 
spending in Brazil is funded directly by the gov-
ernment (for comparison, only one-third of R&D 
spending in the United States is funded directly by 
the government), and only 18% of scientists and 
technicians work in the private sector.13 The dyna-
mism and flexibility of market forces were stymied 
by the government’s decisive intervention in the 
innovation process, and the resulting inefficiencies 
contributed to slow economic growth. 

Currently, a number of reforms are under-
way in Brazil to encourage private sector invest-
ment in R&D activities. As a result, there are 
more international patent applications being 
filed by Brazilian companies through the World 
Intellectual Property Organization (WIPO) 
Patent Cooperation Treaty,14 and new products 
are beginning to enter the market.15 This trend 
should strengthen the economy and provide 
Brazil’s people with more and better products in 
every economic sector.

According to Ryan, Brazil was not alone in 
giving a dominant role to government in the pur-
suit of scientific and technological development. 
He cites a number of large developing countries 
that had also followed a policy of state-led eco-
nomic development. Many of these have since re-
vamped policies to promote greater private sector 
investment in the commercialization of new tech-
nologies. These include China, Mexico, Egypt, 
India, and Turkey. The lesson here is not that gov-
ernment should not provide funding to develop 
new technologies but that such funding should 

be focused on basic research (which functions as 
a kind of “seeding” for innovations). Applied re-
search and research focused on commercializing 
an innovation should rely more on investments 
from the private sector to ensure maximum ef-
ficiency and economic growth.

�.2 Israel
Israel is another state with a commitment to long-
term investment in science and infrastructure. 
Recent investment data show that at least 50% 
of science funding in Israel comes from the State 
of Israel and international public sector sources.16 
Each of Israel’s ministries includes a chief scien-
tist,17 and Israel’s primary and secondary schools 
have a strong basic science curriculum.18 

Israel is a world leader in areas related to 
information and communications technology. 
These technological areas do not require capital 
investments to the same high degree as biotech-
nology and are characterized by short lead-times 
and low regulatory barriers to market entry. In 
fields such as biotechnology, however, Israel is 
not as innovative. As Avi Molcho observes, “Israel 
is among the world leaders in many fields of tech-
nology. It is a hub for innovative technologies in 
communications, semiconductors, information tech-
nology, and medical devices—innovation that has 
been translated into commercial success. While the 
same, if not greater, degree of innovation is found in 
Israeli life sciences research, this has yet to be trans-
formed into a more mature biotechnology start-up 
industry.”19 In fact, Israel’s patent prowess appears 
formidable: “Israel ranks first worldwide in the pro-
portion of life-science patents to the total number 
of patents written by Israeli inventors. The country 
ranks fourth in total number of biopharma patents 
granted, in terms of patents per capita, and 12th in 
the absolute number of biopharma patents.”20 Alla 
Katsnelson suggests that this is because patents 
are underutilized: “Israeli life-sciences patents com-
prise almost a third of the country’s total patents. 
What seems to be lacking is the ability to turn all 
this life-sciences-focused intellectual property into 
biotech products.”21

The Milken report cites the lack of sufficient 
market incentives for commercialization of sci-
ence, 22 while others point to relatively weak levels 
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of patent protection and data exclusivity.23 Some 
identify the market dominance of the generic 
pharmaceutical manufacturer Teva,24 as one rea-
son why Israel has not strengthened market and/
or IP incentives for international biotechnology 
companies to enter or remain in the market. 

Interestingly, Israel has maintained weaker 
levels of IP protection at the same time many 
of its neighbors, including Bahrain, Jordan, 
Morocco, Saudi Arabia and the United Arab 
Emirates (UAE), have strengthened their IP sys-
tems through WTO accession, bilateral free trade 
agreements and/or unilateral reforms.25 

Whatever the reason or combination of rea-
sons, Israel continues to suffer from a dearth of 
private clinical biotechnology research. David 
Haselkorn succinctly notes, “Not one single [multi-
national pharma] company has developed an R&D 
center here.”26 The Milken Institute goes farther, 
stating that the Israeli biotechnology sector is in 
decline, “as measured by the amount of venture 
capital funding.”27 

�.� Jordan
Until the early 1990s, the Hashemite Kingdom 
of Jordan was best characterized as an aid- and 
remittance-based economy, with an estimated per 
capita gross domestic product (GDP) of about 
US$800. Over the past 15 years, however, the 
Jordanian government has increased its commit-
ment to science education and infrastructure, im-
proved its IP laws and the enforcement of those 
laws, and adopted a model of economic planning 
that relies on the private sector for job and wealth 
creation. The impact of these changes has been 
profound: the country has become more integrat-
ed into the world economy and enjoyed a more 
than five-fold increase in per capita GDP since 
the mid-1980s, reaching US$4,700 in 2006.28

The growth of Jordan’s export-led pharmaceu-
tical industry is particularly remarkable. In 2001, 
production in the pharmaceutical sector totaled 
US$180 million; in 2002, it was US$210 mil-
lion; and in 2003, it reached US$275 million.29 
This was achieved both through higher levels of 
domestic IP protections and through trade ben-
efits provided by the World Trade Organization 
(WTO) and the United States–Jordan Free 

Trade Agreement.30 Jordanian pharmaceutical 
companies are beginning to invest more in research 
and product development. For example, local 
Jordanian companies Triumpharma and Advanced 
Pharmaceuticals are both investing in research to 
produce and patent drug delivery mechanisms. In 
addition, two new clinical research organizations 
have been established in the last three years.31 
Today, Jordan exports its pharmaceutical products 
to over 60 markets worldwide.

In addition, Jordan has adopted market-
friendly policies that are attractive to interna-
tional pharmaceutical companies. Major in-
ternational pharmaceutical companies, such as 
Organon, Novartis, and Aventis, have worked 
with new Jordanian clinical research organiza-
tions and Jordanian hospitals to conduct clini-
cal trials. Since 2000, Jordanian companies have 
established licensing relationships with phar-
maceutical companies from Italy, Japan, Korea, 
Italy, Switzerland, the United Kingdom, and the 
United States. These foreign companies often rely 
on their Jordanian partners to provide marketing 
and distribution expertise in the Middle East. In 
return, Jordanian companies benefit from foreign 
investment by gaining a broader product base for 
sale, both at home and into export markets, and 
for the in flow of know-how and technology.32 

The government of Jordan continues to in-
vest in science and technology. Areas of invest-
ment include: natural products development; 
early diagnostics using monoclonal antibodies; 
applied microbiology in food; production of 
biogas, biofertilizers, pesticides, and yeast; and 
the development of new biotech equipment. 
Moreover, Jordan has recently established the 
King Hussein Cancer Center and Biotechnology 
Institute with support from the U.S. National 
Institutes of Health through the Cancer 
Biomedical Informatics Grid program. 

�.� India
When it comes to adopting technology-friendly 
policies, few countries have faced as many chal-
lenges as India. R. A. Mashelkar, recently retired as 
the Director General (1995-2006) of the Council 
of Science and Industrial Research (CSIR), an 
early and persistent advocate for India’s adoption 
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of technology transfer policies, calls India’s his-
tory with such policies “a series of missed bus-
ses,” in terms of lost opportunities for leveraging 
India’s intellectual assets in the global knowledge 
economy.33 

Many have cited India’s confidence in bio-
technology as rooted in its earlier success in the 
information technology (IT) sector. It is less well 
known, though, that patent protection also fu-
eled India’s original IT success, in the form of 
Dr. Sam Pitroda’s software patents.34 In 1980, 
prominent nonresident Indian and software 
guru Pitroda sold his first U.S. company and 
brought the profits to India to support his dream 
of installing telephones throughout rural India.35 
Telecommunications has been widely recognized 
in India as foundational to the entire industry sec-
tor known as “Information and Communications 
Technology (ICT),” as well as the related sub-sec-
tors known as “Business Process Outsourcing 
(BPO)” (which include back-office operations 
for multinational corporations, and call centers, 
among others) , and BioInformatics (the analytic 
processing of data generated as part of clinical re-
search in the life sciences and  provided India’s 
initiation into biotechnology).36 Pitroda’s soft-
ware patents helped him to made his first fortune 
and provided the resources he needed to bring te-
lephony to rural India, laying the foundation for 
India’s IT revolution.

Now the government of India is preparing to 
introduce comprehensive technology transfer leg-
islation in 2007. Under the bill, academic inven-
tors and their institutions would share royalties, 
and academic entrepreneurs will be encouraged to 
file patents to gain both increased research fund-
ing for their institutions and individual benefits 
for themselves, in the form of royalties. 37 The law 
would also include key mechanisms to bench-
mark patentable research undertaken by Indian 
academic and research institutions with support 
from the government of India.38 In the past year, 
product patent protection has been adopted and 
implemented in several fields, including pharma-
ceuticals. Patent processing reform has improved 
efficiency and reduced patent review times, and, 
increasingly, domestic companies are recommend-
ing that India adopt protection for commercially 

valuable clinical research dossiers (a protection 
known as data exclusivity).39

India is engaged in a cooperative internal di-
alogue about how to implement these IP reforms. 
The Indian government continues to promote 
India as a global biotechnology R&D hub, and 
the country has become a primary global loca-
tion for preclinical and clinical R&D. Most 
recently, the 2006 Ernst and Young European 
Attractiveness Survey placed India among the 
top five countries as a pharmaceutical and bio-
pharmaceutical R&D destination. Commercial 
biotechnology, which crossed the billion-dollar 
mark in 2005, has now reached nearly US$1.5 
billion, with 36% annual growth.

�.� Ireland
Over the past 20 years, Ireland has gone from 
“net brain-drain” to “net brain-gain” by system-
atically adopting pro-technology transfer policies 
and becoming a major importer of foreign direct 
investment in the area of life science. Ireland of-
fers strong patents and data exclusivity for terms 
of up to 11 years. There is substantial government 
support for science education and technology-re-
lated infrastructure, and the government’s cor-
porate regulatory policies ensure greater market 
orientation in terms of increased moderation in 
labor policies,40 reduced corporate taxation,41 and 
other reforms:

Foreign direct investment in Ireland has been 
attracted by low rates of corporate tax. Today, Ireland 
has one of the world’s lowest rates of corporation tax, 
with the maximum rate for trading profits being 
12 percent. Other factors that help attract biophar-
maceutical companies to Ireland include the ready 
availability of the required specialist skills. Output 
from the third-level institutions is being continually 
refined to meet the sector’s needs. Further, the consid-
erable growth in the Irish economy over the past ten 
years has seen very significant repatriation of skilled 
people. In addition, Ireland is seen as a desirable ex-
patriate location with a minimum of bureaucratic 
obstacles and an excellent educational system that 
facilitates family relocation. The free movement of 
labor within the enlarged European Union has fa-
cilitated the swift acquisition of a further pool of 
skilled people.42
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As a result, Ireland has become more attractive 
to foreign investors for biotechnology and other 
high technology sectors43 and is also winning the 
global competition to attract and retain well-edu-
cated, creative workers.44 More than 170 compa-
nies employ 35,000 people in Ireland’s chemi-
cal, pharmaceutical, biopharmaceutical, medical 
device, and diagnostics industries.45 Together, 
these sectors generated more than US$52 billion 
in exports in 2005. Ireland’s per capita income 
has grown from about US$5,000 in 198646 to 
US$43,600 in 2006,47 a level of per capita in-
come that is comparable to that of the United 
States and the United Arab Emirates.

�. ConCLuSIon
Technology transfer can improve lives by intro-
ducing innovations that directly contribute to 
improved public health, nutrition, and communi-
cations. Less obviously, but more importantly, the 
policies that promote technology transfer—such as 
an emphasis on personal rights and education—
also promote economic development. Ideally, any 
positive changes in political and economic climate 
will create a self-perpetuating cycle: an improved 
economic environment and a general increase in 
education levels will lead to improved public health, 
which will in turn strengthen the economy. 

The above overview strongly suggests that 
such technology transfer works best when there 
is strong, consistent government support of basic 
research—including science education and tech-
nology-related infrastructure—and robust IP pro-
tection. Government policies should also strive to 
encourage market guidance and private sector in-
vestment in applied research and commercializa-
tion efforts. In this way, the strengths of the gov-
ernment and of the market can be synergistically 
applied to improve the lives of all of us. n
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