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The 

of investing
Times of crisis bring renewed demands for returns 

on publicly funded research, but this ignores  

the fact that scientific production follows complex 

and interconnected pathways 

cover

Fabrício Marques

I
n times of economic crisis, society often questions the 
use of public funds and would rather prioritize activities 
that offer visible and immediate returns. Fields in which 
outcomes are more elusive or less palpable are often 
viewed as being of low priority when allocating funds. 
When this phenomenon affects the research system, 

whose funding depends largely on the government—though 
this dependence varies from country to country—it is often 
expressed as a choice between basic and applied research, 
as if the two concepts were independent rather than deeply 
intertwined. Investing in research that immediately results 
in new products and technologies tends to be viewed as most 
important because it provides tangible returns to society. 
Funds targeted toward basic science, however, are sometimes 
considered an extravagance, as we saw emphasized in 1967 
when the Republican governor-elect of California, Ronald 
Reagan, proposed, that taxpayers stop subsidizing “intel-
lectual curiosity” in state university programs and courses 
as a way of resolving budgetary problems, . “We do believe 
that there are certain intellectual luxuries that perhaps we 

could do without,” said Reagan, attracting criticism from all 
sides. In an editorial, The Los Angeles Times argued that, “If 
a university is not a place where intellectual curiosity is to be 
encouraged and subsidized, then it is nothing.”  

In the reality of 21st-century science, the debate calls for 
classifications that are far more complex than either of the 
two categories of basic and applied science. “The concepts of 
pure and applied research are useful in abstract discussions 
and can work in specific situations, but they do not adequately 
serve to categorize science,” contends Graeme Reid, a science 
and research policy professor at University College London 
in the UK and author of the report, Why should the taxpayer 
fund science and research?, which was published in 2014. In 
the first place, he says, the common denominator for classi-
fying science should be “excellence,” without it neither basic 
nor applied sciences produce consistent results.

Reid cites the Higher Education Funding Council for Eng-
land (HEFCE), a British agency that funds and regulates uni-
versity teaching and research, as an exmaple. HEFCE allocates 
funds without reference to either category because the qual-
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ity of the research is what enables it to have an impact. The 
report mentions a document published in 2010 by the Coun-
cil for Science and Technology, which is associated with the 
British Prime Minister, entitled, A vision for UK research. This 
document states that the importance of research is its ability 
to ask important questions; the insistence on distinguishing 
between pure and applied research creates more problems 
and divisiveness than solutions. Reid notes that the benefits 
of investing in research come in several forms that go well 
beyond the polarization between the advantages of better 
understanding phenomena on the one hand and the gains 
generated by technology development (such as university-
generated start-ups that are capable of quickly transforming 
knowledge into wealth, the attraction of global investments 
in research and development (R&D) to universities and re-
search centers, and the supply of highly specialized labor to 
companies and public agencies) on the other. “The research 
environment is a delicate ecosystem that delivers a multiplic-
ity of benefits to society and the economy through complex 
and interconnected pathways,” Reid says. 

FroM grAdIentS to reSonAnce exAMS 
in 1954, u.s. physicists hermann Carr (1924-2008) and 
edward Purcell (1912-1997) described the use of magnetic 
field gradients to relate nuclear magnetic resonance 
frequencies to spatial positions. The initial developers of 
magnetic resonance had no idea that their work would 
create a diagnostic imaging technology that is currently 
widely used in medicine.   

FroM MAxwell’S eQUAtIonS to MArconI’S rAdIo 
The development of a receiving device called a coherer 
allowed the italian guglielmo Marconi (1874-1937) to 
invent the radio.  Marconi’s accomplishment, however, 
would not have occurred without the contributions of the 
scottish physicist and mathematician James Clerk Maxwell 
(1831-1879), whose abstract equations drove studies  
in the field of magnetism and electricity, and of the german 
physicist heinrich hertz (1857-1894), who later 
demonstrated the existence of electromagnetic waves.

FroM MAgnetoreSIStAnce to hArd dISk 
MInIAtUrIzAtIon  
in 1988, german physicist Peter grünberg and French 
physicist Albert Fert discovered giant magnetoresistance 
(gMR), a quantum effect observed in thin films composed of 
alternate layers of ferromagnetic and non-magnetic metal.  
The finding made it possible for the later dramatic 
miniaturization of hard disks, which expanded their data 
storage capacity and helped to popularize microcomputers 

and portable mp3 devices.      

FroM the AtoMIc clock to gPS
To test einstein’s general theory of relativity and 
determine whether time in fact is slower in an intense 

gravity field, physicists proposed placing ultra-precise 
atomic clocks into orbit aboard artificial satellites.  

This led MiT physicist daniel Kleppner to create a  
new type of atomic clock in the 1950s that performed  
an important role in facilitating the development of the 
global positioning system (gPs).

FroM the FIrSt lASer to FIber oPtIc 
coMMUnIcAtIon  
The first laser was built in 1960 by us physicist Theodore 
Maiman (1927-2007) based on an idea from atomic physics 
(in particular, the effects of stimulated emission, which 
were predicted decades before by einstein). With the 
development of gas lasers, these sources of light permitted 
holographic and interferometry studies. The most 
important applications came from the development of solid 
state lasers and their use in fiber-optic communication. 
Today, lasers are used in medicine, electronic equipment 
and in scanning and printing technology.    

FroM the StrUctUre oF dnA to the 
bIotechnology IndUStry 
in 1953, Francis Crick (1916-2004) from england and  
James Watson (1928-) from the united states discovered  
the molecular structure of deoxyribonucleic acid, dnA,  
and uncovered basic elements of genetic heritage and 
protein production. The work, which sought to expand  
our understanding of nature, formed the basis of genetic 
engineering and led to the development of diagnostic 
exams, new treatments and creation of the billion-dollar 
biotechnology industry.P
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Instead of distinguishing between the 
benefits of basic and applied science, 
decision-makers and institutions that 
support science have established new 
ways to classify research objectives that 
revolve around a single key concept: the 
potential impact of the investment. “Im-
pact is a very broad concept and it has 
several dimensions, namely, intellec-
tual, economic and social,” said Carlos 
Henrique de Brito Cruz, FAPESP’s sci-
entific director, in the chapter he wrote 
for University priorities and constraints 
(Economica, 2016), a book which com-
prises contributions by 23 leaders of the 
world’s most distinguished research uni-
versities at the Glion Colloquium Forum 
in Switzerland in June 2015. 

Some studies have benefited society 
by inspiring or backing public policies 
in virtually every sphere. A broad exam-
ple is the contribution made by various 
disciplines to the understanding of phe-
nomena associated with climate. Another 
example of particular interest is the role 
of the Biota-FAPESP program’s findings 
in influencing legislative actions. Estab-
lished in 1999 to map the biodiversity of 
São Paulo State, the program has generat-
ed knowledge that has been published in 
scientific articles, books, atlases and maps 
that have been used as reference materi-
als for the drafting of six government de-
crees and 13 environmental resolutions.  

In a 2005 study funded by the Depart-
ment of Research, Science and Technol-
ogy of Quebec, Canada, political scien-
tists Benoît Godin and Christian Doré 
attempted to map the various types of 
impact generated by research and de-
veloped a list of 11 items. Some are well 
known, such as the scientific, techno-
logical and economic impacts. Others are 
less studied, such as the cultural impact, 
which is understood as changes in hab-
its and attitudes of individuals that are 
caused by the broader understanding 
of natural phenomena, or the organiza-
tional impact, in which new knowledge 
helps organizations to improve manage-
ment (see the table on page 9). “Although 
economic impact should not be ignored, 
it represents only a fraction of a whole 
that extends into the social, cultural and 
organizational realms of society,” Godin 
and Doré explained in the study.

ScIence For the SAke oF ScIence
A major antagonist in these discussions 
is what is referred to as research con-
ducted for curiosity’s sake, a phrase often 
understood as being synonymous with 
basic research. This means the scientist 
chooses the topic on which to work in-
stead of being prompted to research a 
particular theme or topic; such research 
may take on an abstract or applied char-
acter or a combination of both. Although 

not intentionally, this path has led to 
remarkable contributions in the field of 
lasers, atomic physics, and biotechnol-
ogy. One classic case occurred in 1983 
when two teams of researchers in differ-
ent countries discovered that a retrovi-
rus, later named HIV, was the cause of 
a recently discovered disease: acquired 
immunodeficiency syndrome (AIDS). 
The US team, led by Robert Gallo, and 
the French team, led by Luc Montagnier 
were successful due to years of retrovi-
rus research, driven by the scientists’ 
curiosity, since no one could have imag-
ined its relevance to human health (see 
more examples on page 5).

Research that has an intellectual im-
pact can also have an economic or social 
impact, but part of this research will serve 
simply to expand the frontiers of knowl-
edge and have no immediate tangible re-
turn. “There is not always an endpoint 
to be reached through basic research,” 
said Harvard University professor and 
biochemist Stephen Buratowski, in an 
interview for the Harvard Medical School 
website. His laboratory is currently study-
ing the mechanisms of gene expression in 
eukaryotes. “Many of the subjects studied 
on the basis of a scientist’s curiosity are 
attempting to answer fundamental ques-
tions about biology. Their understanding 
allows us to move forward and face actual 
clinical problems.” 

eUroPeAn UnIon
The horizon 2020 

program, which has 

a €80 billion 

budget for the 

period from 2014 to 

2020, allocates 

funds in three equal 

portions: basic 

science projects, 

research of interest 

to companies and 

research that 

addresses society’s 

greatest 

challenges.  

denMArk
universities receive 

90% of public R&d 

funds.  of the total, 

44% is invested  

in basic research, 

and 56% is 

invested in applied 

research and 

development.  

norwAy
basic research 

receives 40% of 

public R&d funds, 

and applied 

research and 

development 

receives 60%. 

universities receive 

60% of the funds, 

and research 

institutes receive 

40% of the funds. 

UnIted StAteS
Federal defense 

budget investments 

decreased from 

57.7% of the total 

in 2007 to 53% of 

the total in 2013.  

Resources targeting 

health research, 

however, increased 

from 21.9% to 

24.3%. A third of all 

investments in R&d 

go to basic science. 

chInA
Applied research 

accounts for 73% of 

R&d investments 

made by the central 

government.  

basic research 

receives about a 

fifth of the total,  

at 22%.

IndIA
Three-quarters of 

all R&d investment 

by the central 

government goes 

to applied research 

and new products.  

one-quarter goes 

to basic science. 

Resources spent on 

defense accounted 

for 24.5% of all 

funds in 2010, 

followed by 

agriculture at 17.7%.     

Each country  s balance
destination of public R&d funding according to a study by the university of sussex, united Kingdom.  

SoUrce: CoMPARATive sTudy on ReseARCh PoliCy – sPRu/ univeRsiTy oF sussex, oCTobeR 2015.
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Transformative research is an exam-
ple of a new category of production of 
knowledge that is heavily based on cu-
riosity-driven research. It involves ideas 
and discoveries that have the potential 
to radically change our understanding of 
scientific concepts and create new para-
digms. The term, adopted in the second 
half of the past decade by the National 
Science Foundation (NSF), the leading 
US government funding agency for fun-
damental research, and by the UK’s Engi-
neering and Physical Sciences Research 
Council (EPSRC), is defined as research 
that involves creativity and high risk, as 
well as research that has the potential to 
lead to radically new technologies—along 
with the possibility of tremendous re-
turns. However, to achieve these results, 
it must be remembered that truly revo-
lutionary ideas often take a long time to 
develop, can require substantial invest-
ment, and might not yield the desired re-
sults. This is simply the nature of science. 

Difficulties in understanding the limi-
tations of science often leads to tension. 
In February 2016, the US House of Rep-
resentatives approved a bill proposing 
changes to the NSF’s project evaluation 
process. The bill, still awaiting Senate 
approval, requires that all research proj-
ects presented to the NSF be accompa-
nied by a justification describing not only 
how the project “promotes the progress 
of science in the United States” but also 
how it might serve “national interests.” 
“Many of the criteria mentioned for de-
termining whether a project is in the 
national interest do not apply to basic 
science,” said John Holdren, the White 
House Office of Science and Technology 
director, proposing a veto of the law if it 
passes. “The authors of the law are ques-
tioning whether research will increase 
economic competitiveness, improve 
health and well-being and strengthen 
national defense. That is the concern 
of applied research. Is it possible that 
they do not understand that basic re-
search involves the search for scientific 
understanding without anticipating any 
particular benefit?” he asked. This type 
of pressure in Congress is not new to the 
NSF. In 2013, the agency suspended the 
annual selection of projects within the 
field of political science after Congress 
passed a law preventing the funding of 
research studies in that field if they could 
not be guaranteed to benefit national 

security or to be of economic interest. 
During budget negotiations, Republican 
Senator Tom Coburn referred to this as 
a “waste of federal funds on political sci-
ence projects.” 

knowledge And develoPMent
Discussions of the public funding of re-
search have existed since several coun-
tries decided to set up national science 
and technology research systems. These 
began after the end of World War II, 
when the application of a series of sci-
entific developments, such as the de-
velopment of radar and plastic, and the 
expansion of nutrition science, had a 
tremendous impact, thus solidifying the 
perception that knowledge leads to de-
velopment and justifying public funding. 
The model establishing State support for 
basic and applied research was designed 
by American engineer Vannevar Bush. 
Bush headed the US Office of Scientific 
Research and Development (OSRD), a 
US government agency through which 
nearly all R&D efforts were carried out 

during the war. By government order, in 
1945, Bush wrote a document entitled 
Science, the endless frontier, in which 
he proposed that basic research be car-
ried out without considering its practical 
ends. The resulting general knowledge 
would provide the means to address 
a large number of important practi-
cal problems, even if it did not provide 
complete specific answers to any one of 
them; it would fall upon applied research 
to provide these solutions. “The simplest 
and most effective way for the govern-
ment to strengthen corporate research 
is by supporting basic research and de-
veloping scientific talent,” Bush wrote.  

In an article published in the Revista 
Brasileira de Inovação journal, in 2014, 
Carlos Henrique de Brito Cruz recalls 
that Bush, at the time, thought the US 
was producing an insufficient volume 
of basic research, so much so that many 
applications developed in the US were 
based on fundamental knowledge dis-
covered in European universities. The 
report provoked different reactions in 
the United States, as Brito Cruz wrote: 
“The New York Times criticized him for 
thinking the report proposed insufficient 
government in supporting research; the 
Wall Street Journal criticized him while 
advocating that industry could do ev-
erything that was proposed as long as 
it received further tax breaks via incen-
tives. And Budget Director Harold Smith 
found defense of public-funded research 

in 1967, California governor 
Ronald Reagan faced protests 
against his plan to cut $64 million 
from state university budgets;  
in his view, funding “intellectual 
curiosity” was unnecessary.

b
e

T
T

M
A

n
n

 /
 g

e
T

T
y

 iM
A

g
e

s



8  |  july 2017

freedom inappropriate. He facetiously 
suggested that the report change its title 
to ‘Science: the final expense’.”  

“Bush advocated freedom of research 
and investment in science as discon-
nected from any possible interest in its 
applications,” says political scientist 
Elizabeth Balbachevsky of the School 
of Philosophy, Literature and Human 
Sciences at the University of São Paulo 
(FFLCH-USP). For Bush, science was an 
inexhaustible source of knowledge and 
developments that fostered innovation. 
Bush’s Science, the endless frontier in-
spired the establishment of the NSF in 
1950 and served as a guideline for es-
tablishing research funding agencies 
in several countries, including Brazil, 
which were interested in setting up their 
own systems of science and technology. 

This worked relatively well into the 
1970s, when the world experienced its 
first post-war economic crisis, which af-
fected the major industrialized countries 
and consequently harmed many less-
industrialized countries. Governments 
began seeking faster returns on public 
investments in science. “The growing 
cost of research also generated pressure 
on government and research funding 
budgets and added to their overriding in-

ter to include knowledge and methods 
that were not directly associated with a 
given application.  

 The targets of funding agencies, uni-
versities and research institutions con-
sequently became university-industry 
partnerships, programs that supported 
small business research and the licens-
ing of intellectual property produced by 
researchers. The frequency of interac-
tion between universities and industry 
can be measured in terms of the relative 
share of industry funds that are used to 
support research. In the United States, 
this percentage has fluctuated between 
5% and 7% in recent years. In most of 
the Organization for Economic Develop-
ment and Cooperation (OECD) member 
countries, the private sector participa-
tion in university research funding varies 
from 2% to 10%. One outlier is Germany, 
where industry funds 14% of research.

Such interactions generally benefit 
both industry and universities. Industry 
relies on universities to share the risks 
of research and obtains access to skilled 
scientists, suitable facilities and a cadre 
of researchers and students who can re-
inforce their research capacity. Universi-
ties tend to view collaboration as an op-
portunity to secure research funds and 
gain access to the challenges of science 
and technology that are encountered in 
industry. According to Carlos Américo 
Pacheco, a professor at Unicamp’s In-
stitute of Economics, international ex-
perience shows that producing patents 
at universities and licensing intellectual 
property to companies play an important 
yet complementary role in business in-
terests. “The sources of information for 
technological innovation in companies 
come more from the chain of suppliers 
and customers than from universities. It 
is through science that companies can 
enable their developmental efforts, but 
they are guided more by market demands 
than by what the university has to offer,” 
he says. Pacheco observes that the most 
sophisticated and efficient way to bring 
academia and the private sector together 
is to set up start-up companies. “This 
has strengthened certain regional clus-
ters around universities, attracting com-
pany laboratories and investors, which 
then become stimulating microcosms,” 
notes Pacheco, who served as executive 
secretary at the Ministry of Science and 
Technology from 1999 to 2002.

SoUrce:  AAAs

SoUrce: FAPesP

*does not include 
disbursements for research 
infrastructure, which 
totaled R$93,813,340.
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FAPesP disbursements by funding objective in 2015, in billions of R$*

budget break-down
Amounts (in millions of us$) and percentages of  
us funding agency budgets allocated to basic and applied 
research in fiscal year 2015.

AdvAnCing KnoWledge 
(bAsiC)

ReseARCh WiTh A vieW ToWARds 
APPliCATion (APPlied)

terest in impact and short-term results,” 
Brito Cruz explains. According to data 
from the Tufts Center for the Study of 
Drug Development, the cost of pre-clini-
cal and clinical trials for new medications 
increased fifteenfold between 1970 and 
2010— the was an increase of 145% in 
the past decade alone. At the same time, 
this was accompanied by attempts to ex-
pand and better understand the relation-
ship between universities, industry and 
government. “The boom in startups that 
began in the 1980s made it clear to tax-
payers and their representatives that the 
opportunity was ripe for creating wealth 
from knowledge at a much faster pace 
than ever before,” says Brito Cruz.

In 1980, the Bayh-Dole Act (US legis-
lation dealing with intellectual property 
resulting from federal government-fund-
ed research) was enacted. Until then, the 
government did not have a unified policy 
regarding patents. Research financing 
agreements signed by government agen-
cies with research institutes, companies 
and non-profit organizations now began 
to include clauses that allowed the gov-
ernment to relinquish ownership of in-
ventions. An important dimension of the 
new legislation consisted of expanding 
the categories of patentable subject mat-
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PASteUr’S QUAdrAnt 
A breakthrough in the debate on the dis-
tinction between basic and applied sci-
ence came with the publication of Pas-
teur’s Quadrant: Basic Science and Tech-
nological Innovation (Editora Unicamp, 
2005), a book written by Princeton Uni-
versity political scientist Donald Stokes, 
who proposed a new classification. In 
addition to basic research studies (best 
exemplified by the work of the Danish 
physicist Niels Bohr on atomic struc-
ture and quantum physics in the first 
half of the 20th century) and studies of 
technology development (as symbolized 
by Thomas Edison’s electric light bulb), 
Stokes identified another category: re-
search that could contribute to  the ad-
vancement of knowledge while offering 

of Defense.” The United States has al-
ways maintained a dual system, which is 
both concerned with advancing knowl-
edge and focusing on potential uses, and 
each funding agency allocates resources 
towards both avenues (see box on page 
10). The perception that this type of in-
vestment had increased the US capacity 
for innovation mobilized Europe in the 
1990s. “European countries had followed 
the Bush model in producing high-qual-
ity science but did not develop the same 
interface with the manufacturing sector,” 
Balbachevsky adds. In the past two de-
cades, we have seen an effort by Europe 
to create interfaces with industry. “In 
the European Community, practically 
all of today’s programs are attempting 
to form networks in which governments 

the potential for high-impact practical 
use (see the table on page 11). Studies con-
ducted in France by Louis Pasteur in the 
field of microbiology, which contributed 
to the advancement of knowledge and 
yielded economic benefits are examples 
of this category, in addition to inspiring 
the title of the book.

“Stokes showed that the Vannevar 
Bush model worked in the United States 
differently than in other countries be-
cause the US government invested huge 
sums in basic scientific fields but still 
sought to answer practical questions 
in the medium- and long-terms,” says 
Balbachevsky. “It is also the case with 
agencies like the National Institutes of 
Health (NIH)—which has more resourc-
es than the NSF—and the Department 

the types of impacts on science
Research conducted in Canada mapped according to 11 types of impacts generated  
by the production of knowledge.  information was obtained from interviews with researchers 
and organizations that benefit from scientific knowledge.  

ScIentIFIc IMPAct
Research, the results of which promote 

progress in knowledge, produces new 

models and theories, and develops fields 

and disciplines.   

PolItIcAl IMPAct
effects generated by new scientific 

knowledge in the sphere of law, 

jurisprudence and ethics in formulating 

public policy or mobilizing citizens.  

orgAnIzAtIonAl IMPAct
The influence of research findings on 

business administration and institutions, 

on the organization of work,  

and on human resources.  

technologIcAl IMPAct
innovations in products,  

services and processes and the 

development of technical know-how  

that are generated by  

scientific activities.  

econoMIc IMPAct
This category refers to impacts that 

generate wealth, such as innovation 

marketing, return on investment  

in professional training and the development 

of new markets.  

IMPAct on heAlth
This refers to the effects of research on 

increases in the life expectancy of people 

and on the prevention and treatment of 

diseases or on reducing healthcare costs.  

cUltUrAl IMPAct
Changes in the abilities and attitudes  

of individuals that are generated by an 

expanded understanding of the phenomena 

of nature and the use of new technologies.  

IMPAct on the envIronMent
This impact is associated with studies  

that underpin biodiversity conservation  

and pollution management or expand  

the understanding of climate phenomena.    

SyMbolIc IMPAct
Companies often gain credibility by investing 

in R&d and associating with university 

researchers on joint projects.  

SocIAl IMPAct
This is related to the outcomes of research 

that improves well-being and quality of life 

for individuals or that changes society’s 

discourse and conceptions.  

edUcAtIonAl IMPAct
This refers to the creation of new curricula 

and teaching tools at universities and  

to increases in students’ ability to conduct 

research or respond to demands from  

the labor market. 

SoUrce: MeAsuRing The iMPACTs oF sCienCe: 
beyond The eConoMiC diMension, by benoîT 
godin And ChRisTiAn doRé.
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and companies come in with a portion 
of the funding.”  

In Horizon 2020, the European 
Union’s framework program for research 
and development, which has a budget of 
€80 billion for the period between 2014 
and 2020, funds are divided into three 
portions. One portion is earmarked for 
basic research, which funds curiosity-
driven projects and topics that propose 
to focus on new technologies. The sec-
ond portion is earmarked for industry re-
search that makes funds and credit avail-
able to small-, medium- and large -sized 
companies, including programs whose 
returns are considered high-risk. Finally, 
the third portion is earmarked for proj-
ects that attempt to address “challenges 
to society” in the form of interdisciplin-
ary topics, such as population aging, en-
ergy efficiency and food security. 

The notion of societal challenges has 
become ubiquitous in the research bud-
gets of many countries, according to a 
report published in October 2015 by a 
group of researchers at the Science Pol-
icy Research Unit of the University of 
Sussex. The report, which compared 
public investment in R&D by the Nordic 
countries (Sweden, Norway, Denmark 
and Finland) with some of the BRIC na-
tions (Brazil, India and China) and the 
United States, showed that this last cat-

innovative fields such as pharmaceuti-
cals, renewable energy or information 
technology, the private sector only joins 
the game after public funding has made 
considerable investments in research 
during phases in which outcomes were 
completely uncertain. “In biotechnol-
ogy, nanotechnology and the Internet, 
risk capital arrived 15 to 20 years after 
the most important investments had 
already been made using public sector 
funds,” Mazzucato wrote. “The State is 
behind most technological revolutions 
and extended periods of growth. That is 
why an ‘entrepreneurial State’ is neces-
sary to assume risk and create a new vi-
sion, instead of simply correcting market 
defects.” In her talks, the author uses 
smartphones as an example to show that 
a considerable part of the technology 
they contain resulted from public invest-
ment by the US Department of Defense 
at a time when no one could have imag-
ined theri potential reach, which later 
included the Internet, GPS navigational 
systems and touch screens.    

The defense of public funding of so-
called basic research has recently gained 
the support from a country that , in rela-
tive terms, invests the most in R&D—
equivalent to 4% of its Gross Domes-
tic Product—and which traditionally 
spends less than 20% of this total on 
basic science: South Korea. The strat-
egy that paved the way towards its eco-
nomic development, which was based 
on improving and lowering the cost of 
technologies developed by other coun-
tries, focused on basic research. In the 
city of Daejeon, an experiment is being 
carried out to detect the existence of 
the axion, a hypothetical elementary 
particle of dark matter, which makes 
up a substantial part of the Universe 
but is invisible. This project is a very 
high-risk initiative that symbolizes the 
country’s ambition to become a leader in 
basic research. If successful, the project, 
which is costing the country US$7.6 mil-
lion a year, could give South Korea the 
Nobel prize it has long dreamed of. In 
May 2016, South Korean President Park 
Geun-hye announced that she would in-
crease basic research funding by 36%. 
“Basic research starts with intellectual 
curiosity among scientists and techni-
cians, but it could be a source of new 
technologies and industries,” Park said, 
as reported in Nature.

develoPMent
A systematic use of knowledge and understanding that is obtained 

through research that is directed towards the production of materials, 

devices and useful systems or methods, including the design and 

development of prototypes and new processes. This category 

excludes quality assurance, routine product testing and production.  

APPlIed reSeArch
systematic study that is 

conducted to obtain knowledge 

or the understanding needed to 

determine the means through 

which a specific and recognized 

need can be met.  

the functions of research 
As defined by the national science Foundation.

bASIc reSeArch
systematic study that is directed 

towards acquiring knowledge or a 

deeper understanding of fundamental 

aspects of observable phenomena 

and facts without having any specific 

applications in mind with respect to 

processes or products.   

egory has been emphasized in the strate-
gies of all the surveyed nations and that 
investments have been made in fields 
such as energy, climate and health. The 
outlier, according to the report, is the 
United States, where government R&D 
allocations are  mostly directed towards 
defense (53% of the total in 2013) and 
health (ranked second at 24.3% of the to-
tal). The study concludes that there is no 
standard regarding the ideal portion of 
investment to be dedicated to basic and 
applied research. The trend among Nor-
dic countries is to spend close to 40% of 
public funds on basic research. In China 
and India, however, that proportion is 
much lower, approximately 20% to 25% 
(see box on page 6). The study found no 
consolidated data regarding the break-
down of investments in Brazil. 

the entrePreneUrIAl StAte
After all, should or shouldn’t the govern-
ment invest in research? According to 
Italian economist Mariana Mazzucato, 
a professor at the University of Sussex, 
the public funding of science plays a cru-
cial role in the production of knowledge, 
especially when this process involves 
high costs and risks, which companies 
tend to avoid. This is one of the tag-
lines of her book, The Entrepreneurial 
State, which states that even in highly 
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Even while achieving consensus with 
regard to the government’s need to in-
vest in research because of the tangible 
and intangible fruits it yields, discus-
sion remains about how to distribute the 
available resources in order to achieve 
society’s expectations in the short and 
long term. The questions posed to politi-
cians and those who manage the public 
system of science and technology con-
sist of determining how much should 
be allocated to each research category 
and their degree of interference when 
allocating said funds and in determining 
what scientists should be researching. 
The search for a balance is important so 
that public research institutions can ob-
tain high-impact results for society while 
also producing a consistent stock of ba-
sic knowledge. When everyone moves to 
one side of the boat, it ends up sinking, 
said Francis Collins, NIH director, while 
defending the importance of preserv-
ing that agency’s expenditures in basic 
research in a 2012 article in the journal 
Science. However, it is also up to the re-
searchers to keep society informed about 
what they are doing and on the impact 
that the knowledge that they produce 
is having, as Collins stated in an edi-
torial published in Nature in late July 
2016, celebrating the results of a Euro-
pean Research Council pilot study that 

German physicist Heinrich Hertz, who 
later demonstrated the existence of elec-
tromagnetic waves. “Neither Maxwell nor 
Hertz had any concern about the utility 
of their work; no such thought ever en-
tered their minds. They had no practical 
objective. Obviously, the inventor, in the 
legal sense, was Marconi, but what did 
Marconi invent? Merely the last technical 
detail, the now obsolete receiving device 
called a coherer, almost universally dis-
carded,” said Flexner. Hertz and Maxwell 
invented nothing, but it was their appar-
ently “useless theoretical work” that was 
seized upon by a clever technician to cre-
ate new means of communication, util-
ity and amusement, the educator wrote. 
“Who were the fundamentally useful 
men? Not Marconi, but Clerk Maxwell 
and Heinrich Hertz. Hertz and Maxwell 
were geniuses without thought of use. 
Marconi was a clever inventor with no 
thought but use.” n
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ConsideRATion oF use

niEls bohr (1885-1962)

Work by the danish physicist has 

contributed to our understanding of the 

structure of atoms and quantum physics. 

thomas Edison (1847-1931)

This us inventor and businessman filed 

more than 2,000 patents. Among other 

things, he invented the phonograph  

and the electric light bulb. 

louis pastEur (1822-1895)
Studies by this Frenchman attempted to 
understand microbiological processes 
based on their practical impacts, such as 
the prevention of product deterioration.  

funded 199 basic research studies. The 
study showed that three fourths of the 
projects generated significant scientific 
advances, and at least one quarter had 
an impact on the economy or society or 
on the formulation of policies. 

The usefulness of the notion of “useful 
knowledge” can be summarized by the 
conversation between US educator Abra-
ham Flexner, founder of the Institute for 
Advanced Study at Princeton University, 
and businessman George Eastman, who 
popularized the use of roll film in photog-
raphy, as related in an article published 
by Flexner in Harpers magazine in 1939 
(library.ias.edu/files/UsefulnessHarpers.
pdf ). Eastman was considering dedicat-
ing his vast fortune to promoting educa-
tion on useful topics. Flexner asked the 
businessman who he considered to be 
the “most useful worker in science in the 
world.” He promptly heard in response, 
Guglielmo Marconi, the Italian inventor 
of the radio. Flexner then surprised his 
listener by stating that, aside from the 
usefulness of the radio, the Italian’s con-
tribution to science was practically negli-
gible. He explained that Marconi would 
not have accomplished anything were it 
not for the contributions of Scottish sci-
entist James Clerk Maxwell, whose ab-
stract equations drove investigations in 
the field of magnetism and electricity, and P
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stokes intended this quadrant for research addressing 

particular facts that have no foreseeable application and 

that do not present general explanations about phenomena.  

he provided as examples the research by American 

ornithologist Roger Tory Peterson, author of the Field guide 

to the birds of eastern and Central north America.

pasteur  s Quadrant
Political scientist donald stokes classified research projects by proposing categories  
that go beyond the limits of basic and applied science and that are divided into four quadrants.  


