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CHAPTER 2

THE EDUCATION AND TRAINING OF SCIENTISTS

1 INTRODUCTION

Education is the fundamental tool for a country’s scientific and technological 
progress. Both science and knowledge, which ultimately make society richer and 
more developed, are the products of people. Society invests resources in training 
researchers and scientists who, in turn, work to produce new technologies and 
new knowledge. Therefore, the basic input of technological progress is human. 
Obviously, scientists and researchers rely on equipment, resources, infrastructure, 
and a suitable and a stimulating environment, but without qualified people, 
none of these other conditions are sufficient. In addition, education accelerates 
the diffusion process of new technologies (Nelson and Phelps, 1966). A more 
educated society adopts knowledge and technology developed by other countries 
more quickly.

The goal of this section, therefore, is to discuss how education can boost a 
country’s scientific and technological performance by training qualified people 
to understand and face the scientific and technological challenges of our time. 
The main focus will be on the aspects that most directly impact this performance, 
meaning that higher education (especially at the graduate level) and scientific 
production will be the central objects of this analysis. In addition, we will not focus 
on the virtues of Brazilian education, but on its challenges. Yet this section is far 
from being a “glass-half-empty” analysis: it is an attempt to propose solutions and 
pathways to transform education into an effective tool for Brazil’s development.

2 ACCESS TO EDUCATION HAS GROWN, WHILE QUALITY...

Given the positive effect of education on economic growth, it is no coincidence 
that universal access to education has been a crucial goal of virtually all countries 
in recent decades, especially developing countries. One of the United Nations 
Millennium Development Goals was, rightfully, that all children would have 
access to primary education by 2015. Although universal education was not 
achieved worldwide, the effort produced an increase in the average elementary 
enrollment rate in developing countries, which rose from 83% in the early 2000s 
to 91% in 2015.
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In Brazil, according to data from the National Household Sample Survey 
(Pesquisa Nacional por Amostra de Domicílios – PNAD), the average number 
of years of schooling for the Brazilian population increased from 6.2 years at 
the beginning of the 2000s to 8.7 years in 2014 (Tafner, 2017). This means 
that, on average, each Brazilian studies for 2.5 years longer compared to 2001. 
This represents a huge advance in access to education in the country, an advance 
that, it is worth noting, began in the 1990’s.

Literacy rates have also increased. World Bank data shows that from 2000 
to 2014, the percentage of literate adults in the Brazil increased from 86% to 
nearly 92%.1 This is a significant rise, but still insufficient to eliminate illiteracy, 
as is the case in developed countries, or even to reach the level of other developing 
countries. In Mexico and South Africa, for example, about 94% of the adults are 
literate; and in Argentina, the number has already surpassed 98%.

Access to higher education has also increased. Researcher Simon Schwartzman 
showed that from 2001 to 2015 enrollment in higher education grew from 
3 million to 8 million, an expansion mainly driven by private institutions.

However, this expansion of access to education does not seem to have 
reduced the gap that separates Brazil from developed countries. In Brazil, the 
increase in schooling does not seem to be reflected in higher levels of productivity 
or income relative to other countries.

This apparent lack of impact from increased levels of schooling on growth 
may be due to a crucial issue for many countries: quality of education. In fact, 
a recent study on the impact of education on economic growth showed that the 
quality of education is more relevant for explaining growth than the number 
of people with formal education or the average number of years of schooling 
(Barro, 2001).

In this respect, perhaps one of Brazil’s greatest challenges in education is 
improving the quality of primary and secondary education. The main problem is 
that, in recent years, quality has not improved; in fact, it has declined. For instance, 
the proficiency of Brazilian elementary and secondary  school  students in 
Portuguese and math is currently lower than it was in the mid-1990s. Data from 
the Basic Education Assessment System (Sistema Nacional de Avaliação da 
Educação Básica – SAEB) revealed that, in 1995, students who had just finished 
high school scored on average 290 in Portuguese and 285 in Math.2 Twenty 

1. More information available at: <https://data.worldbank.org/indicator/SE.ADT.LITR.ZS>. 
2. Of a total of 425 in Portuguese and 475 in Math.
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years later, in 2015, senior-year high school students scored lower: 267 in 
both disciplines.3

This worsening occurred against the backdrop of an already unfavorable 
picture. In terms of comparison between Brazil and other countries, Brazil has one 
of the lowest scores on the OECD’s International Student Assessment Program 
(PISA). Although not all countries participate in the assessment, Brazil is behind 
many Latin American countries, and is far behind all Organisation for Economic 
Co-operation and Development (OECD) member countries. Although the 
average score in developed countries is about 600 points, in Brazil it is less than 
400 points. In addition, Brazil’s weakest performance by far is in math, given that 
only 30% of Brazilian students perform satisfactorily, according to the OECD.

CHART 1
Results of the international student assessment in science, reading, and math (2015)
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Source: OECD and PISA. Available at: <http://www.oecd.org/pisa/>.

Chart 1 shows Brazil’s PISA results in 2015, compared to several other 
countries. These numbers, and what they reflect in terms of learning, reveal a 
challenging reality: that our students leave elementary and secondary school 
retaining very little of what they read, and understanding very little about math 
and life sciences. Essentially, they understand very little about how the world 
functions. A study conducted in 2015 by the Circle of Mathematics showed that 
75% of Brazilian adults do not know how to calculate a simple average, and 60% 
claimed that they did not like math in school.4

3. These numbers were introduced by Tafner (2017).
4. Available at: <http://veja.abril.com.br/educacao/adultos-brasileiros-nao-sabem-matematica-basica-diz-estudo/>. 
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The difficulty Brazilian students (and adults) have in quantitative disciplines, 
especially mathematics, helps to explain why the country produces so few engineers 
and scientists. And that is not all: this struggle impacts society, regardless of the 
student’s future higher education. Increasingly, new technologies require that 
regular people and workers possess problem-solving and logic skills, and other 
abilities that depend heavily on learning science and mathematics.

The growing need for this type of skill has led many countries to proactively 
foster education in science, technology, engineering, and mathematics, collectively 
known as the STEM fields. Good quality training in these areas “should broaden 
students’ understanding of how things work and enhance their ability to use 
technologies” (Bybee, 2010). Engineering in particular is a field directly related 
to problem solving and innovation, and thus essential for countries wishing to 
become more innovative.

As a result, a number of countries have adopted explicit strategies and 
policies to stimulate young people’s interest in these fields, as well as to foster 
youth education. The OECD synthesized several of the principal strategies 
and policies adopted by member countries in relation to teaching these fields.5 
Some of them aim, for example, to increase enrollment in these fields in higher 
education, by offering scholarships or other financial incentives (as in Argentina, 
Australia and Denmark), or free classes for struggling students (as in Sweden 
and Germany). Other types of policies are aimed at improving the quality of 
instruction in elementary school by increasing the number of teaching hours 
(such as Germany, Ireland or Norway) and curriculum changes (Australia and 
the United Kingdom).

Brazil has also tried to boost, although in a limited form, instruction in these 
fields at the undergraduate level through the science without borders program. It is 
important to remember that, despite its many problems (which will be addressed 
later in this volume), the program’s objective was to grant scholarships at foreign 
institutions for Brazilian students studying science, technology, engineering, 
and mathematics.

3 A COUNTRY WITH FEW SCIENTISTS AND ENGINEERS

Our historic problems with scientific and technological education at the basic 
level, combined with the low quality of teaching and the fact that Brazil has never 
had an explicit policy of strengthening these fields, has taken a toll. The cost has 
been the low number of scientists and engineers in Brazil – keep in mind that the 

5. Included in the content available on the institution’s website: <https://bit.ly/3xaBpwT>.
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key input for producing science and technology is human capital – which makes 
explicit the fact that Brazilian society allocates limited resources to innovation.

It is obvious that Brazil has good scientists, who do a great deal with the 
infrastructure available to them. But we must recognize that the country produces 
few scientists and engineers, hugely limiting its scientific and technological output 
both directly and indirectly: directly, because there are fewer people thinking 
about and producing science and innovation; and indirectly, because having fewer 
people in these fields also means less competition and less interaction, aspects that 
exert a strong impact on the quality of scientific and technological output.

The University of São Paulo (USP) Observatory of Innovation recently 
confirmed that the number of trained engineers per inhabitant in Brazil is 
much lower than in many other countries (Salerno et al., 2012). Nearly 50,000 
engineers (in the many areas of engineering) graduate from Brazilian universities 
every year, which accounts for about 6% of the almost 900,000 annual college 
graduates. This  corresponds to roughly 2.8 new engineers per year for every 
10,000 inhabitants, which is much lower than in countries like South Korea 
(19  engineers per 10,000 inhabitants); Spain (10 engineers) and Mexico 
(8 engineers). In the United States, a country that graduates over 5 engineers for 
every 10,000 inhabitants, growing concerns in recent years over training people 
in the STEM fields have prompted new public policies aiming at improving 
this picture.

Just like engineers, scientists and researchers are also scarce in Brazil (chart 2). 
The country has about 700 scientists per million inhabitants. This proportion 
lags far behind that of more developed countries (where the figure can surpass 
4,000 scientists per million inhabitants), and is also behind Argentina and even 
China, the country with the world’s largest population.

The president of the Brazilian Academy of Scientists (Academia Brasileira 
de Ciências – ABC) noted this low number of scientists in a 2017 article. In his 
opinion, increasing the number of scientists would require elementary schools to 
awaken their students’ curiosity about science and their interest in these careers. 
There is no doubt that these results confirm, in absolute terms, that Brazil has 
few engineers and scientists – but is the solution simply to train more scientists, 
researchers, and engineers, thereby increasing the supply of such professionals in 
the Brazilian economy?

This is where the question becomes a bit more complex. It is certainly 
necessary to improve and expand scientific and technological education; 
and given Brazil’s poor PISA scores, this must begin in elementary schools. 
However, economic demand for these professionals must also exist. Otherwise, 
these professions will not attract more young people than they already attract 
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today. Thus the important question is whether the labor market will be able to 
accommodate scientists and engineers on a larger scale than it does currently. In 
other words, who needs more scientists and more engineers?

CHART 2
Number of researchers per million inhabitants in select countries (2010)
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Let us begin by looking at the labor market for engineers, which is much 
larger and more diverse than the market for scientists. Prior to the economic 
crisis a few years ago, there was a broad debate in the media about the country’s 
shortage of skilled labor, especially engineers. They spoke of a labor blackout, and 
the industry resented being unable to find qualified engineers. Headlines such 
as “labor shortages will halt economy” or “struggle to find skilled labor affects 
Brazilian economy”6 were common in the Brazilian press, and reflected how hard 
it was for the productive sectors to find skilled professionals.

In a market economy, however, a shortage tends to lead to an increase in 
the price of the goods and services in short supply. The same goes for professional 
skills. A shortage of engineers should eventually drive up the wages of these 
professionals, as a result of demand being higher than supply. Studies by Ipea and 
USP revealed, however, that this wage increase did not occur in Brazil, except in 
specific sectors (oil and civil construction).7 According to the authors of these 
studies, the average engineer’s salary is about four times higher than the average 

6. Available at: <https://glo.bo/2Tq5ry0>.
7. A good summary of these studies can be found in Lins et al. (2014).
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across the entire the employed population, and nearly twice as high as the average 
among employees with higher education. Nonetheless, this gap has remained 
relatively steady over the last few years, with a few exceptions, such as in the 
construction and oil sectors.

In other words, although the industry has been facing a reduction in the 
supply of engineers to the labor market, it has not been not enough to produce 
an overall wage increase for these professionals. Moreover, in the 2000s, an 
inverse trend was observed: the wage gap between highly-educated professionals 
and other workers narrowed.8 In a society where qualifications still represent 
a developmental bottleneck, this reduction in the salary premium for higher 
education is paradoxical, since it may discourage young people from seeking 
more schooling.

The reduction in the wage premium could be related to several factors 
that require further analysis. On the one hand, it may actually be related to 
the expansion of access to education. In fact, according to economic literature, 
when access to education expands, the wage gap (which favors the most 
skilled) usually narrows. On the other hand, it could be due to the poor quality 
of formal education available. In this case, a worker may have acquired higher 
formal qualifications, and yet still continues to perform the same functions and 
receive the same salary as before.

The truth is that demand for highly skilled workers does not seem to be 
growing significantly across the Brazilian economy, or at least not to the point 
of driving a wage increase for these professionals. The reasons are related to the 
productive sector’s performance in Brazil. In short, perhaps the low number of 
engineers and scientists is more influenced by the demand for skilled labor than 
the supply of skilled labor. The section of this report on the Brazilian economic 
environment (chapter 4) may shed some light on several issues affecting 
this demand.

The job market for scientists is much more restricted and specialized than 
the market for engineers. A study from the Center for Management and Strategic 
Studies (Centro de Gestão e Estudos Estratégicos – CGEE) analyzed where 
scientists with masters and doctorates from domestic universities work (CGEE, 
2016).9 The study identified, among those who received their degrees from 1996 
onward, those who were formally employed in the Brazilian labor market in 
2014. We should note that the individuals not in the formal market might not 
be unemployed. They could have started their own business, continued pursuing 

8. See, for example, Davanzo and Ferro (2014).
9. Available at: <https://www.cgee.org.br/web/rhcti/mestres-e-doutores-2015>.
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a PhD or postdoctoral training, or could migrated abroad, but these were not 
included in the survey.

One of the most interesting findings of the survey is that, among Brazilian 
scientists, the percentage of masters and doctorate-holders employed was lower 
than the employment rate for graduates in non-scientific areas.

While about 80% of those with PhDs in economics, business administration, 
and engineering were formally employed in 2014, only 66% of PhDs in 
biology and 74% of PhDs in the health, earth, and hard sciences held formal 
employment in Brazil. The same case applies to those with masters degrees. Except 
for engineering, the professionals best positioned in the formal job market held 
degrees in the humanities and applied social sciences. What these figures show is 
that the Brazilian labor market does not seem to welcome scientists to the same 
extent that it welcomes graduates from other fields of knowledge.

Another interesting piece of information, which characterizes the narrowness 
of the labor market for scientists, is that among those with doctorates who are 
employed in the formal market, more than 70% are employed by public (mostly 
federal) institutions. It is also public institutions that pay the highest salaries for 
these professionals. To some extent, these figures reflect what Brazilian scientists 
already know: that most job opportunities are at public universities (federal or 
state). Considering that open positions for teaching in public universities are 
limited, the market growth for these professionals is also limited – unless, of course, 
other types of institutions or industries were to create new job opportunities for 
scientists in Brazil, but at the moment, this does not seem to be the case.10

Last but not least, another key issue for understanding the low number 
of scientists in the country is their salary. In 2014, individuals with doctorates 
who were employed by the formal Brazilian market earned an average of nearly 
R$  14.000 ($ 3,500), or about six times the average Brazilian salary, which 
was R$ 2.500 ($ 660) at the time. This gap, according to the CGEE study, has 
remained steady in recent years, which suggests there is not growing demand for 
these professionals in the country.

In short, in order to increase the number of scientists and engineers, it is 
not enough to just train more people in these fields. It is also necessary to create 
the conditions that allow these professionals to be effectively employed by society. 
In this sense, attempts to increase in the number of scientists in Brazil should begin 
with a labor market that truly values these professionals. This  implies creating 
(or fostering the creation of ) other professional positions and opportunities for 
scientists, beyond the traditional teaching positions available at public universities. 

10. Chapter 3 will address the institutions where Brazilian scientists could work.
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It also implies promoting career diversification at private and public institutions, 
so that they can absorb Brazilian and foreign scientists. Diversification across 
research institutions is also critical in this regard, but as this discussion demands 
more space, it will be further addressed in the following section.

4 INTERNATIONALIZATION AND DIVERSITY IN SCIENCE

In 1994, a group of researchers published a book that had great impact and 
influence on scholars of education and scientific production (Gibbons et al. 
1994). The researchers argued that a new way of producing knowledge was 
emerging, one that was transforming the old paradigm of scientific production in 
distinct disciplines with little communication between them. In this new model, 
the relevant research questions would have a stronger applicable component, 
thus becoming more responsive to the demands of society as a whole. This new 
paradigm was also transdisciplinary and would require more diversified skills. 
Regardless of how correct the authors were in their analysis, the fact is that both 
the diversity of skills and the interaction between disciplines has indeed became 
widespread among the best research institutions.

Let us take the example of one of the most creative and active research 
labs in the world today, the MIT-Media Lab, which is responsible for a series of 
innovations in design and computer science, in areas such as social networks, 
wearable electronics, and sensors. This group brings together researchers from 
different backgrounds, nationalities, and professional experience: among them 
are engineers, designers, artists, computer scientists, physics, mathematicians, 
and doctors. Its diversity and multidisciplinary nature is regarded as one of the 
greatest strengths of this group.

In fact, diversity and interaction are decisive factors for quality scientific 
research. Two northwestern university professors argued in a recent issue of 
scientific American that validation in science takes much more than replicability, 
using appropriate controls, and other canons of the scientific method. It also 
relates to the choices made about which problems and populations to study, and 
the different perspectives and values that are important parts of these choices. 
Therefore, diversity among scientists is important to reduce bias in some of these 
choices, and to provide different ways of looking at the world.11

One of the most relevant sources of diversity is cultural, resulting from the 
interaction between researchers of different nationalities. The United States offers 
perhaps one of the clearest examples of how the immigration of researchers can 
help fertilize a country’s scientific output. The United States welcomes the most 

11. More information available at: <https://www.scientificamerican.com/article/point-of-view-affects-how-science-is-done/>. 
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foreign students of any country: more than 700,000 per year. To walk through 
United States universities is to have immediate contact with dozens of different 
nationalities, cultures, and ethnicities. Some are there for a short period, while 
others stay for a few years, and a number adopt the country as their own and 
continue working and doing research there.

This cultural diversity is undoubtedly one of the greatest strengths of United 
States science, as shown by two academics who revealed how the United States 
benefits from attracting these researchers (Stephan and Levin, 2001). They also 
concluded that the impact of immigrants on science is greater (in relation to 
citations and other indicators of scientific relevance) than would be expected 
given their participation in the country’s workforce.

Analee Saxenian discusses a similar argument in her book The New Argonauts. 
The author analyzes the large influx of foreign researchers from Asian countries 
to Silicon Valley and explains how these researchers, once they returned home, 
created opportunities for both their U.S. United States colleagues and a new 
generation of researchers in their own country. The professional and personal 
networks they established while in Silicon Valley were fundamental in this 
respect. For the countries that were able to profit from a generation of highly 
qualified professionals educated in some of the best universities in the United 
States, the so-called “brain drain” is no longer a problem; instead, it has become 
a source of opportunity. It is not a coincidence that scholars of international 
scientific mobility no longer speak of “brain drain” or “brain gain”, but rather 
about “brain circulation.”12

If there was any doubt left about the benefits of international mobility on 
productivity and the quality of scientific output, two recent studies published 
in Nature magazine and mentioned in the October 2017 issue of The Economist 
provided new and conclusive evidence.13 The first study, carried by researchers 
at Indiana University, analyzed the scientific output of more than 14 million 
researchers, between 2008 and 2015. Scientists who had moved to a different 
country in that period, nearly 4% of the total, garnered more citations than those 
who had not moved abroad. Remember that the number of citations is a good 
indicator of how influential the cited work is, which also indicates its quality. 
Even more interestingly, this increase in the number of citations seems to be 
greater for countries far from the technological frontier. United States researchers 
received on average 10% more citations after moving from one country to 
another. For researchers from Eastern Europe, however, the increase in citations 
surpassed 170%.

12. More information available at: <https://go.nature.com/3w7TSc1>. 
13. More information available at: <https://econ.st/3jxNlEU>. 
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The second study quoted in The Economist was carried out by a researcher 
at Ohio State University, in partnership with a researcher at the European 
Commission. The two showed that this impact was not restricted to the individuals 
who relocated, but also had a positive effect on the host country. Their study has 
found that places with a larger number of scientists coming and going tend to 
have a higher-impact scientific production.

In this regard, Brazil has failed to take advantage of the opportunities 
created by the growing international mobility of scientists and researchers. 
A strong indicator of the internationalization of Brazilian academic institutions is 
the number of Brazilian students living abroad and the number of foreigners in 
Brazil. In 2011, Brazil sent about 28,000 students to study abroad, with or 
without government funding (chart 3). In that same year, the country welcomed 
just over  12,000 international students at its universities, most of them from 
Portuguese-speaking countries (particularly Angola and Guinea Bissau) and South 
American countries (especially Argentina and Paraguay). This is far fewer than in 
other developed and developing countries, and is nowhere near the more than 
700,000 students welcomed by the United States or the nearly 800,000 sent 
abroad by China each year.

This means that only 0.2% of students at Brazilian universities are foreigners, 
compared to 3.9% at United States universities and 17.5% at British universities. 
Among the more than 100 countries ranked according to this percentage, Brazil 
was 98th. Brazilian students studying abroad account for only 0.4% of the 
total enrolled in Brazil, which also put us at the bottom of the international 
mobility rankings.14

Despite the praiseworthy initiatives by some Brazilian universities and 
institutions to increase the number of foreigners on their staff, foreign professors 
and researchers are still a rarity in Brazil. The University of Campinas (Universidade 
Estadual de Campinas – Unicamp), for instance, is one of the best Brazilian 
universities both in terms of scientific and technological production (it is the 
university with the highest number of patents registered at Instituto Nacional da 
Propriedade Industrial – INPI). It is perhaps one of the few Brazilian universities 
with specific policies aimed at internationalization, and yet foreigners account for 
only 5% of its teaching staff. Among postgraduate students, foreigners account 
for 7% of the total. The Federal University of ABC (Universidade Federal do 
ABC – UFABC) in São Paulo is one of the newest universities in Brazil, and the 
most internationalized, according to a ranking created by Brazilian daily Folha de 
S.Paulo, which was based on the number of articles published in collaboration 

14. This data (outbound and inbound mobility ratio) is available on the World Bank website at: <https://bit.ly/3ybXuuV>. 
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with foreign researchers and international citations. About 10% of the teachers 
at UFABC are foreigners.

CHART 3
Number of students sent to study abroad and number of international 
students (2011)
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Source: The Dutch Organization for Internationalization of Education (Nuffic). Available at: <https://bit.ly/2TjzA28>.

Are these figures reasonable compared to other institutions of excellence 
around the world? At the Massachusetts Institute of Technology (MIT), one of 
the best American universities, somewhere between 30% and 40% of professors 
are foreign, and 42% of graduate students are from other countries. At Cambridge 
University in England, foreigners make up 33% of the institution’s staff, with 14% 
coming from countries outside the European Union. Among graduate students, 
more than 60% of the nearly 4,500 students are not United Kingdom residents.

Aside from these data, other studies have already demonstrated the low 
mobility of Brazilian scientists. A study published in 2012 at the National Bureau 
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of Economic Research revealed that just 7% of researchers working in Brazil are 
foreigners – one of the lowest rates among the 16 countries analyzed (Franzoni, 
Scellato, and Stephan, 2012). On the other hand, only 8% of Brazilian researchers 
lived outside Brazil, also one of the lowest rates in that group of countries, 
suggesting that “brain drain” is not a serious concern.

The limited presence of foreign nationals at Brazilian universities and research 
institutions creates a gulf between Brazil and other knowledge-producing centers 
throughout the world and contributes to the small number of articles co-authored 
with foreign researchers. But this is not unexpected. Partnerships for the 
production of scientific articles, in any giving area of   science, result from personal 
contacts and affinities. Foreign professors or researchers tend to bring with them 
a network of contacts and co-authors from their countries of origin, which 
helps to increase the international penetration of the institution where they find 
themselves. Researchers with little international experience typically do not know 
many foreign researchers with whom to collaborate.

Several recent empirical studies have shown a significant increase in 
international scientific cooperation in many fields over the past few years.15 
This  cooperation is largely reflected in articles coauthored by researchers from 
different countries.

Several factors have promoted such cooperation. Advances in information 
and communications technology have reduced the distance between scientists, 
which has facilitated greater interaction regardless of physical location. Even so, 
scientists’ increased physical mobility, which has also expanded in recent years, 
continues to be a decisive factor in establishing new professional and personal 
ties that expand their collaborative network. One last contributing factor is the 
growing number of transnational research infrastructures, such as the European 
Center for Nuclear Research (Conseil Européen pour la Recherche Nucléaire – 
CERN) located in Switzerland, with its giant particle accelerator, or the telescope 
array at the Paranal Observatory in Chile’s Atacama Desert. These research 
facilities attract researchers from around the world, especially those from the 
countries that financed the venture. Considering that these are very expensive 
infrastructure projects for a very specific purpose (in the sense that there are few 
researchers able to make use of them), several countries associate themselves – or 
establish partnerships – with these facilities, thus ensuring that their scientists can 
use them for research.

Since international mobility is one of the main factors that foster 
collaboration, it is not surprising that the Brazilian participation in international 

15. See, for example, Georghiou (1998).
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knowledge networks is limited. A 2017 article in the Pesquisa FAPESP magazine 
pointed out that the percentage of articles with international co-authorship is 
much lower in Brazil than in countries such as Argentina, Spain and the United 
Kingdom, and slightly below South Korea. Yet, the percentage of collaborations 
in Brazil is higher than the global average. Among Brazilian institutions, the 
UFABC stands out for its close connections with international knowledge 
networks, with more than half of its publications done in collaboration with 
foreign researchers.16

FIGURE 1
Map of international scientific cooperation

Source: Cunningham, Scott and Kwakkel (2011).

In fact, figure 1 shows that although Brazilian participation in international 
knowledge networks is relatively small, it is certainly not irrelevant. In the figure, 
the density of the white lines between two regions indicates the number of 
scientific articles coauthored by scientists residing in both – the more lines there 
are, the more coauthored articles have been published, indicating greater scientific 
collaboration between those two regions. The whiter a particular region of the 
map, the greater the number of international collaborations among researchers 
of that region. Brazil, despite its extremely low mobility of its scientists, is still 
one of the most prominent countries in the Southern Hemisphere. The largest 
collaborative flows occur, as expected, in Europe and North America.

Several Brazilian institutions and development agencies acknowledge that 
the internationalization of science is an important bottleneck; therefore, they have 
intensified efforts to foster partnerships between Brazilian and foreign researchers. 

16. See, for example, FAPESP research from May 2017: <https://goo.gl/f4NG67> and <https://goo.gl/P1wBKq>. 
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The São Paulo Research Foundation (Fundação de Amparo à Pesquisa do Estado de 
São Paulo – FAPESP), for instance, has cooperation agreements with some of the 
most important development agencies around the world, which has significantly 
broadened support for research projects that include collaboration with foreign 
researchers. Yet despite these types of advances, there is still a long way to go in 
order to place Brazil on the map of international scientific production on a more 
permanent and active fashion.

Another facet of this lack of diversity – one much more harmful to the 
quality of scientific output than low international mobility – is academic 
inbreeding. In  biology, inbreeding is defined as reproduction between related 
and genetically similar individuals. Among populations where this type of 
reproduction is frequent, there tends to be a reduction in population variance 
(i.e., diversity). The concept of academic inbreeding was borrowed from biology 
to characterize a situation in which universities usually hire their own alumni as 
professors and researchers.

As it does among species, academic inbreeding leads to a decrease in diversity – 
not genetic in this case, but intellectual – given that this type of phenomenon 
tends to reproduce existing knowledge, practices, and research methods in the 
institution. That is, inbreeding tends to create an immobile environment, which 
by definition is not compatible with the production of knowledge. Concerns 
regarding the detrimental effects of inbreeding on the academic environment 
are not new. In 1908, Harvard University’s president at the time, Charles Eliot, 
wrote that it was natural, but not sensible, for a university to hire professors 
from among its own students. According to him, this was likely to occur because 
these graduates would be well known to those in charge of the selection process; 
nonetheless, it would not be sensible given the serious threat such a choice 
presented to the university (Eliot, 1908).

In fact, to date, this practice is not that uncommon in the academic setting. 
Although it is relatively convenient for a university to hire a familiar face, experts 
are almost unanimous in pointing out the negative consequences of such a 
practice. The most examined consequence of inbreeding is its impact on individual 
academic performance. According to several studies, “inbred” researchers are 
significantly less productivity relative to their non-inbred peers. In addition to 
that, the quality of their scientific output also tends to be lower. Regarding this 
aspect, inbred researchers tend to perform similarly to non-mobile researchers 
(who have not changed institutions since obtaining their first academic job), 
evidence that both inbreeding and lack of mobility produce very similar effects 
(Gorelova and Yudkevich, 2015).
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However, even more relevant than the impact on individual output is the 
impact of inbreeding on the institution. According to the literature, inbred 
scholars tend to exchange ideas only with teachers from their own department 
and their own institution; in short, they tend to collaborate less with outside 
researchers. This leads to stagnation and discourages innovation within the 
institution. Therefore, universities with high rates of inbreeding are usually 
less willing to embrace changes in the environment, and less willing to change 
in relation to their broader social goals and challenges (Horta, Veloso, and 
Grediaga, 2010).

Similar results have been found in Brazil, according to a study in the 1980s 
that investigated academic inbreeding at Brazilian universities. The results showed 
a high level of citations of researchers from the same university (Velho and Krige, 
1984), and thus less opportunity for intellectual renewal. This  phenomenon 
is associated with a certain sense of institutional loyalty among the inbred 
researchers, which is obviously harmful to scientific production, especially when 
such loyalty is greater than the loyalty towards science itself. Scientists must be 
open to the possibility that their ideas could be proven wrong using an appropriate 
scientific method. Showing a stronger attachment to preconceived ideas than to 
methodologically-sound scientific results is not compatible with good science.

FIGURE 2
Places where Brazilian researchers work, according to the distance between their 
work and the place where they got their degree

Source: FAPESP Magazine.
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Little seems to have changed in Brazil since the study was published in the 
1980s. A recent study developed by researchers from the Federal University of 
Minas Gerais (Universidade Federal de Minas Gerais – UFMG), published in the 
Pesquisa FAPESP magazine showed that about 46% of the Brazilian researchers 
mapped by the study are working less than six miles from the institution where 
they graduated (figure 2).17 This basically means that most of these researchers 
work at the same institution where they studied.

We can easily infer how widespread inbreeding is among Brazilian 
universities by performing a simple test: We only need to visit the website of any 
department at any of the best Brazilian universities to observe that a large number 
of professors graduated from that very same university.

Brazilian institutions already do not have much mobility among their 
professors. For reasons specific to careers in public service, professors tend to 
retire at the same institution where they begin their career. If we also tolerate 
the practice of academic inbreeding, which is a widespread practice at Brazilian 
universities, this scenario of immobility and its negative consequences for national 
scientific production will not change. In biology, “inbreeding depression” is the 
concept that long-term inbreeding in a population increases the risk of complete 
extinction of the species. This is not what we want for Brazilian science.

5 THE INTERACTION BETWEEN SCIENCE, INNOVATION, AND BUSINESS

One of the main drivers of the advancement of science is human curiosity, 
unconcerned with concrete results and free of any kind of tutelage or guidance. 
Scientific production, driven simply by this curiosity, has proven capable of 
opening new frontiers of knowledge, making us wiser and, in the long-run, 
bringing value and quality of life to humankind.

Beyond human curiosity, another key driver of scientific advancement is 
the search for solutions to the problems that afflict humanity and society. Living 
longer and healthier, working less and having more leisure time, reducing the 
distances that separate us from other human beings – whether through new 
communication channels or better means of transportation – are some of 
the human challenges and aspirations to which science and technology have 
contributed for centuries.

The path from the production of knowledge at universities to its widespread 
use by people necessarily passes – unless we adopt a system of production other 
than capitalism – through market and companies. New technologies are, after all, 

17. More information available at: <http://revistapesquisa.fapesp.br/wp-content/uploads/2016/01/036-039_
Mobilidade_239.pdf>.
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products or services that must reach the market to be useful to people. It is not for 
universities (and would, in fact, be outside their expertise and purview) to take 
on the task of transforming knowledge into technology, and ensuring that such 
technologies reach their destination: the public. Even so, important segments of 
academia oppose what they call the “commodification” of universities, ignoring 
how important it is for knowledge to reach society, or the fact that there is no 
route aside from the economy to make this happen. Therefore, the relationship 
between universities and the private sector is particularly relevant to innovation 
and, above all, for scientific progress to create better living conditions for all. 
The primary input or “product” that universities deliver to society are the qualified 
professionals who will later work in companies producing goods, services, 
and new technologies. Yet the university can also offer a wealth of knowledge and 
research that is highly useful to most companies’ innovation processes. Studies 
have corroborated for years the growing importance of knowledge generated in 
universities and research institutions for business innovation.18 Thus, the transfer 
of technologies and knowledge from academia to the private sector, which occurs 
through various channels, is essential to amplify the impact of academia on society.

Some of these channels are informal: hiring college graduates is perhaps one 
of the main ways that industry can absorb knowledge from academia. In addition, 
publications and scientific conferences are also relevant sources of knowledge, 
as are, obviously, consulting activities carried out by professors and researchers. 
Among the formal channels are corporate-sponsored research, contracts for the 
assignment and use of laboratories, and the licensing of technology patented 
by universities. The literature shows that informal channels are likely the most 
common method of knowledge transfer from academia to business globally.19 
This is also the case in Brazil, as most of the national literature demonstrates.

Studies of other countries have assessed the relative importance of each of 
these channels. Consulting activities carried out by United States scientists and 
engineers appear to be the main channel for transferring knowledge to companies: 
18% of the interviewed scientists and engineers engaged in this type of activity 
(Link, Siegel, and Bozeman, 2007). A study conducted among professors and 
researchers at the MIT, one of the universities in the world with the truest 
vocation for interaction with companies, produced similar results. At MIT, 26% 
of the professors and researchers interviewed identified consulting activities as 
the most important channel of technology transfer to companies (Agrawal and 
Henderson, 2002). Apparently, the consulting activities carried out by professors 
and researchers is often the first channel through which the productive sector 

18. See, for instance, Narin, Hamilton, and Olivastro (1997).
19. Rauen and Turchi (2017) mention several studies regarding this issue.
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comes into contact with the scientific and technological expertise of universities. 
Research sponsored by companies is, contrary to what one might expect, a 
much less significant channel. According to the study, the same can be said of 
technology patenting and licensing, which account for only 7% of all interactions 
with companies.

In Brazil, scholars of innovation and especially policymakers share the 
widespread view that the level of interaction between universities and companies 
is low. And indeed, until the early 2000s, this was the scenario suggested by 
the literature and data available (Sutz, 2000). Even recently, when analyzing 
this subject, eminent authors in this field, such as Suzigan and Albuquerque 
(2011), argued that interaction between companies and universities in Brazil is a 
phenomenon restricted to a few institutions and sectors. These relatively isolated 
“points of interaction” had historical reasons for this engagement and represent 
the traditionally successful sectors in Brazil, such as aeronautics, agribusiness, and 
oil. In these sectors, leading Brazilian institutions of scientific and technological 
research such as the Technological Institute of Aeronautics (Instituto Tecnológico 
de Aeronáutica – ITA) and the Brazilian Agricultural Research Corporation 
(Empresa Brasileira de Pesquisa Agropecuária – Embrapa), are the scientific 
points of an innovation system that also has a competitive productive sector.

However, more recently, there has been a proliferation of new indicators and 
analyses suggesting that the situation in Brazil has changed significantly in the last 
decade. One of the main indicators is based on the National Council for Scientific 
and Technological Development (Conselho Nacional de Desenvolvimento 
Científico e Tecnológico – CNPq)’s research group directory. This directory 
includes nearly 30,000 active research groups at Brazilian universities and research 
institutions in all areas of knowledge. In 2002, 8% of these groups reported 
having some type of relationship with companies — a number that grew to more 
than 13% by 2010. In engineering (which encompasses the fields most prone to 
some relationship with companies) and in agricultural sciences, this percentage 
rose to 30% and 26%, respectively.20

A recent survey conducted by Ipea, in partnership with CNPq, on 
laboratories and other types of research infrastructure in Brazil revealed an even 
more significant scene (De Negri and Squeff, 2016). More than 43% of the 
researchers responsible for university labs and research institutions in Brazil have 
stated that their labs provide some type of service (testing, analysis, consultancy 
or research) to companies. These researchers also estimated the percentage of 
research funds collected from companies in 2012: on average, just over 7% of the 
budget allocated for research in the more than 1,700 labs surveyed were collected 

20. Data available on the CNPq website: <http://dgp.cnpq.br/planotabular/index.jsp>. Accessed in: Oct. 2010.
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from private companies, and more than 20% came from Petrobras’ resources for 
research funding. It is true that the sample used in the survey, whose focus was 
on laboratories (and not research groups) in science and technology, is composed 
of scientific fields that are more likely to interact with companies. Nonetheless, 
these are substantial numbers.

However, without comparable indicators for other countries, it is difficult 
to say whether this level of interaction with companies in Brazil is high or low. 
Brito Cruz brought new light to this debate, by calculating the percentage of 
research revenue at São Paulo’s state universities, following a methodology similar 
to that adopted by United States universities. He found that at Unicamp, USP, 
and Universidade Estadual Paulista (Unesp), revenues from the private sector 
made up between 4% and 6% of the total research budget. This number is very 
close to the average at United States universities, but much smaller than at the 
leading universities in the United States.

In short, our universities do not have as much interaction with companies 
as those that stand out in the international arena, but recent numbers are far 
from suggesting that this is the main bottleneck of our innovation system, as 
many have argued. It is important to bear in mind that recent legislative changes 
have altered the framework for cooperation between universities, research 
institutes, and companies in Brazil. Until the enactment of the innovation law 
in 2004, there was no consolidated legal provision for universities and public 
research institutes to enter into contracts to provide research or services to private 
companies, nor to be remunerated for these activates and pay the researchers 
involved. As public institutions, universities, and research centers represent the 
majority of the research system in Brazil, the lack of legal clarity used to be a 
major obstacle to the realization of this kind of partnership. The innovation law 
filled this gap, and also provided regulation for professors at public universities, 
even tenured faculty, to carry out consulting activities, provided that these do not 
impede their university functions, thus opening up new possibilities.

That is, since the mid-2000s, a series of incentives have been created to 
promote greater interaction between universities and the productive sector. 
These incentives for university and public institution researchers to seek research 
contracts or offer consulting for companies are nowadays relatively similar to 
those offered worldwide. In fact, a case study comparing MIT and Unicamp 
(Reynolds and De Negri, 2017) suggested that incentives for professors and 
researchers to undertake research projects with companies are not substantially 
different at the two institutions. The conditions for implementing the research 
are, however, very different. The study identified several key internal obstacles, 
which hinder expansion of partnerships between companies and universities, 
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notably the difficulty encountered in hiring researchers, the reduced number of 
graduate and postdoctoral researchers, bureaucratic red-tape, and the excessively 
centralized decision-making in Brazilian public universities. The external obstacles 
are associated with the economic environment, which does not fuel corporate 
demand for academic knowledge.

The analysis conducted so far on corporate funding for research shows 
the importance of one of the formal channels of knowledge transfer: research 
sponsored by companies. Yet there is another important formal channel: 
technology licensing. In this case, the university or research institute can 
protect a piece of technology developed in its laboratories by means of a patent. 
The university owns this patent, once it is granted by Brazil’s INPI, and may 
transfer or license it to any company that might be interested.

In general, every major research university around the world, especially in 
developed countries, has a technology transfer office. This office is the unit, within 
the university or institute, responsible for applying for the institution’s patents 
and for negotiating with companies interested in acquiring the right to use a 
patented technology (licensing) or acquiring the patent ownership. In Brazil, the 
2004 innovation act requires every university to have this type of office, known 
here as a technology transfer center.21 The law also established that the inventor 
(the developer of the technology) could receive part of the financial gains from 
patents licensed to companies. This created yet more incentives for boosting 
technology production within universities.

Whether it was the legal changes or a growing awareness of the importance 
of the university in producing technology, the fact is that there has been an 
increase in patent applications by Brazilian universities in the past few years. 
In 2000, universities accounted for just 0.38% of all patent applications, but that 
figure grew to 3% in 2016. For the purposes of comparison, in the United States 
this number was just under 2% in 2012,22 and in Germany, it was around 2.5% 
(Dornbusch and Neuhäusler, 2015).

It is no coincidence that universities are at the top of the ranking of the most 
frequent institutional patent holders at INPI among the Brazilian population. 
Table 1 was taken from the INPI website and shows the ranking in 2015. According 
to the data, the top twenty patent owners include fifteen public universities, four 
companies and one private research institution. Meanwhile, no university is listed 
among the top fifty patent holders at the United States Patent Institute, and only 
one public research institution made the list at the European institute.

21. This sort of obligation is questionable, but this issue will be further discussed when we address public policies, in chapter 5.
22. More information available at: <https://www.uspto.gov/web/offices/ac/ido/oeip/taf/univ/doc/doc_info_2012.htm>.
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TABLE 1
Ranking of the twenty top patent holders in Brazil (among residents) (2015)

Institution or company
Number of 

applications
% of total of applications by 

residents in the country 

Whirlpool S.A. 90 1.9

Federal University of Minas Gerais 56 1.2

University of Campinas 52 1.1 

Federal University of Paraná 50 1.1

Petróleo Brasileira SA - Petrobras 48 1.0

University of São Paulo 44 0.9

CPQD - Telecommunication Research and Development Center 37 0.8

University of the State of São Paulo - Júlio De Mesquita Filho 33 0.7

Vale SA 32 0.7

Federal University of Rio Grande do Sul 32 0.7

Federal University of Rio Grande do Norte 28 0.6

Federal University of Pernambuco 27 0.6

Federal University of Ceará 25 0.5

OKI Brazil Industry and Commerce of Products and Automation Technology SA 25 0.5

Federal University of Santa Maria 23 0.5

Federal University of Paraná 21 0.5

Federal University of Bahia 19 0.4

Federal University of Pará 19 0.4

Federal University of Paraíba 18 0.4

Federal University of Santa Catarina 18 0.4

Source: INPI. Available at: <http://www.inpi.gov.br>.

Unicamp, for example, besides being one of the best universities in the 
country, also has a long tradition of engagement with the productive sector 
and is one of the main patent holders at INPI, having obtained about 1,000 
patents throughout its history. Yet according to the 2016 annual report issued 
by the university’s technology transfer office, Inova, just 87 patents have been 
licensed for use by companies: less than 9% of the total. The other 91% represent 
registered knowledge – protected, but not being used by the productive sector. 
For comparison, in 2016, MIT filed 314 patents, and licensed 91. In other words, 
about 30% of MIT’s filed patents are licensed to companies – much higher than 
the rate at its Brazilian counterpart.23

In reality, a patent protects a particular technology by preventing a 
competitor company from using that same technology for its own production. 

23. This percentage assumes that the proportion between licensing and patent filing has remained relatively constant, 
which is likely, according to the information gathered from the institution.
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Given that a university neither manufactures nor sells products or services, it 
is easy to imagine that owning patents but not licensing them to any company 
(a common occurrence in Brazil), is useless and instead of stimulating innovation, 
could impede it. The knowledge produced by universities will only be useful if 
it is transferred to and adopted by society and companies. Therefore, rather than 
seeking to patent their technologies, universities should be concerned with the 
effective transfer of these technologies to society (often through companies): this 
is where power to transform science lies.

Two reasons may explain why so many unused patents are filed and held by 
Brazilian universities. First, the university’s ability to transfer internally-produced 
knowledge to society as a whole does not depend on the university alone. It also 
depends on an economic environment that fosters competition among companies 
and encourages them to seek innovative solutions from universities. At MIT, 
for example, the technologies patented by the institution are frequently licensed 
to startups founded by university graduates (Reynolds and De Negri,  2017). 
Large, mature companies seem to be less interested in these patents. Therefore, 
an environment that stimulates the emergence of new technology-based 
companies tends to be more conducive to the absorption of knowledge produced 
within academia.

A second reason may be the exaggerated patenting activism of Brazilian 
universities. Such activism may be due to mandatory existence of the offices of 
technology transfer, and to the limited material and human resources these offices 
have for screening the patents to be filed. Patent offices at world-class universities 
are staffed by qualified and experience professionals from various industries. 
The staff examines whether the patent to be filed is of market interest; if not, the 
university can decide not to file. In the Brazilian case, many of the patent offices 
do not perform this analysis. In general, it is up to the researchers – who may have 
no experience in the market – to decide whether the institution should patent 
their own scientific discovery.

Thus, the impact of science and academia on society depends on several 
factors. A competitive and stimulating economic environment usually inspires 
companies to innovate and to seek knowledge produced by universities. 
For this reason, it is crucial that companies be able to understand and absorb the 
cutting-edge science produced within the walls of these institutions.

On the other hand, universities must be open to engaging in a variety of 
ways with society as a whole, and aware that more effective use of the knowledge 
they produce requires converting it into technologies and products or services. 
Moreover, products are produced by companies, which are, therefore, an essential 
part of the diffusion process for scientific knowledge. Finally, science must be 
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conscious of its role in society and aware of the great challenges of our times. 
This does not imply that science should be subservient to minor interests or 
lack excellence, but rather science should establish a connection with the world 
around it: a world in which scientists are increasingly relevant and influential.




