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This article offers a brief reflection on the nature of research and development (R&D) investment in Brazil,
contributing to advancing the debate on this topic. R&D is one of the bases of innovation and productivity, and
since 1999 Brazil has consistently increased investment in this area. However, this effort has yielded limited results,
suggesting that supplying sufficient resources must be accompanied by effective implementation strategies.

Keywords: technological development; innovation; economic growth; public policy; Brazil.

Inovacgao tecnoldgica no Brasil: desafios e insumos para politicas publicas

Este artigo oferece uma breve reflexao sobre a natureza do investimento em pesquisa e desenvolvimento (P&D) no
Brasil. Seu objetivo é proporcionar alguns insumos para avangar no debate sobre esse tema na sociedade brasileira.
Desde 1999, o Brasil tem aumentado de maneira consistente o seu investimento em P&D, considerado um dos
insumos para inovagdo e produtividade. Porém, tal esfor¢o tem gerado resultados limitados. Esses resultados
limitados ndo parecem refletir mera insuficiéncia de investimentos em inovagao no Brasil, mas a maneira e a
eficacia de sua implementacéo.

Palavras-chave: desenvolvimento tecnoldgico; inovacgdo; capacidade tecnoldgica; crescimento econdmico;
politicas publicas; Brasil.

Innovacion tecnoldgica en Brasil: desafios e insumos para las politicas publicas

Este articulo ofrece una breve reflexion sobre la naturaleza de la inversién en investigacion y desarrollo (I&D) en
Brasil. Su objetivo es brindar algunos insumos para avanzar en el debate sobre este tema en la sociedad brasilefa.
Desde 1999, Brasil ha aumentado constantemente su inversion en I&D, considerada uno de los insumos para
la innovacién y la productividad. Sin embargo, tal esfuerzo ha dado resultados limitados. Dichos resultados no
parecen reflejar la mera insuficiencia de las inversiones en innovacion en Brasil, sino la forma y efectividad de su
implementacion.

Palabras clave: desarrollo tecnoldgico; innovacidn; capacidad tecnoldgica; crecimiento econémico;
politicas publicas; Brasil.
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1. INTRODUCTION

The positive impacts of innovation are widely demonstrated throughout history, promoting companies’
growth and competitiveness in both developed economies (Audretsch, Coad & Segarra, 2014;
Cassiman, Golovko & Matinez-Ros, 2010; Teece, 2014) and developing and emerging economies
(Bell & Figueiredo, 2012). Innovation at the company level is vital for countries’ economic growth
and development (Hall, 2011; Rosenberg, Landau & Mowery, 1992). On the other hand, scarcity of
technological innovation capabilities in developing economies represents one of the main obstacles
for growth and improving development rates (Dohnert, Crespi & Maftioli, 2017; Lee, 2013; Malerba
& Lee, 2020).

In Brazil, it is crucial to accelerate technological development and promote innovation to add value
to national production. The country has been paying a high price for its technological backwardness.
The export agenda has deteriorated, and Brazil increasingly becomes an exporter of products with low
added value. The public sector is expensive, cannot satisfactorily meet society’s demands, and lacks
efficiency. The service sector generally has low added value and low integration with the industrial
sector. These are some examples expressing the national difficulties.

Nevertheless, relevant innovations can be observed in some areas, producing successful cases.
Examples are the achievements of the Brazilian Agricultural Research Corporation (Embrapa), the
development of oil exploration in ultra-deep waters, the country’s technological and commercial
leadership in the forestry and cellulose industry, and the history of companies such as Embraer, Vale,
Votorantim, Natura, Weg (electric motors), Marcopolo, among others. Also, the achievements in
software and medical practice areas stand out, which motivate research and are sources of inspiration.
The analysis of these successful experiences offers directions on how the development and diffusion
of technologies add value.

In the long term, Brazil’s ability to meet its citizens’ aspirations will depend on the leverage and
diffusion of technological development and innovation. In this sense, either private or public resources
must be available and directed according to market demands. Raising funds and investing with an
emphasis on technological development is a complex issue that requires understanding potential
constraints. It is an issue that evolves with time, and practices are influenced and changed in this
process.

Finally, the investment in technological development and innovation must be carried out
considering the returns. In this sense, one could argue that Brazil’s short and medium-term fiscal
conditions and the format of the several structures involved in implementing these investments are
insufficient and harm the returns. In addition, it is conceivable to assume that the current situation, from
a rational perspective, leads to reduce the national hope of achieving real technological development
to a minimum. This article offers a different point of view, opposing these arguments. The discussion
in this article focuses on the importance of understanding the challenges of the multifaceted process
of technological development and innovation. It is crucial to build an in-depth comprehension of the
problem before giving up and accepting arguments based on a potential incapacity of the country to

invest in innovation with returns, regaining hope and freedom.
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2. STATUS QUO IN BRAZIL

2.1 Aspects of R&D investment in Brazil

The increase in the pace of technological innovation requires focus and investment and is one of the
main conditions for Brazil to accelerate its economic growth. However, economic and structural
factors reduce the available resources and limit effectiveness. In this context, two problems stand out:
the lack of government investments’ effectiveness; and the little investment from the private sector,
restricted to few large companies.

It is well known that the Brazilian governments budget restrictions limit new investments in
several strategic areas, including research and development (R&D) - in this case, the maintenance
of the current level of investment is already a challenge. This difficulty is associated, among other
factors, with legal constraints and with demands the government receives from other sectors of
society. Nevertheless, over the past 15 years, this investment has grown and reached levels compatible
with nations whose development stage is much higher than Brazils, but the country’s results were
comparatively smaller. The problem is not simple to understand. Brazil tends to adopt an investment
model focused on supplying basic science rather than on technological development. In other words,
science is considered a primary source of innovation.

Low private investment is a consequence of the low degree of leverage created as a result of
public finances and the excessive degree of oligopolization in the Brazilian economy. The nature
of the Brazilian budgetary process prevents creating an effective benchmark for private savings to
move in the appropriate way for private investment. This limits the financing of higher-risk activities.
Especially affected are the activities of technological development and innovation. Even in the case of
local innovations, from simple adoption of an adapted novelty that adds value, which already exists
in another part of the world, there are strong reservations.

On the other hand, the well-known phenomenon of excessive oligopolization caused by the tax
structure that is excessively dependent on indirect taxes discourages innovation investments. In the
short and medium-term, these conditions are unlikely to change. The country can only have a chance
to increase its pace of innovation with a better understanding of the expenditures and incentive
processes regarding what has to be changed and how.

Without improving the efficiency of R&D expenditures and incentives, Brazil will continue to
generate insignificant results in terms of innovation and productivity and, consequently, slow economic
growth. Figure 1 shows that Brazil’s investment in R&D, as a percentage of gross domestic product
(GDP), increased continuously from 2000 to 2015 compared to other countries. Brazil’s investment
rate in R&D is similar to that of high-income economies, such as Spain (1.2%) and Italy (1.3%), and
not so far from that observed in Canada (1.6%).
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FIGURE 1 NATIONAL EXPENDITURES IN R&D IN RELATION TO GDP IN SELECTED COUNTRIES

(2000-2015)

South Korea

4
Japan
3 l/ -
United States
P s

—
— ¥ France
.__.._——-—"""_'__'_.— sGermany i
2 ___‘
T Canada __?:—
/
United Kingdon — :‘
1 e \ \
China Fonll Brazil
0
2000 2005 2010 2015

-a-Germany  efjeBrazil —-—Canada afmChina -e~SouthKorea —Spain age United States —France -g-Japan -g-UnitedKingdon

Source: Ministério da Ciéncia, Tecnologia e Inovagdes (MCTIC) (Brazilian Ministry of Science, Technology and Innovation) and
Organisation for Economic Co-operation and Development (OECD).

Over the past few years, and especially between 2017 and 2018, Brazil has positioned itself among
the ten economies with the largest R&D investments in absolute values (Table 1)'. The fact is that,
contrary to popular belief, Brazil’s effort in terms of investment in R&D is far from being considered
insufficient, taking into account its level of development.

TABLE 1 INVESTMENT IN R&D PER COUNTRY (ABSOLUTE VALUES)
.
s vw M0 e E e M e
USD as % GDP Bil. Bil. GDP Bil. Bil. GDP Bil.
usb usb usD usD UsD
1 United States = 19,360 2.83 537.59 19,921 2.84 565.76 20,459 2.84 581.03
2  China 23,120 1.96 44482 24,646 1.97 48553 = 26,223 1.98 519.22
3  Japan 5,405 3.50 185.53 5,470 3.50 191.45 5519 3.50 193.17
4  Germany 4,150 2.84 114.84 4,254 2.84 120.81 4,339 2.84 123.22
5 India 9,447 0.84 76.91 10,146 0.85 86.24 10,938 0.86 94.06
6  South Korea 2,027 4.30 85.43 2,088 4.32 90.19 2,148 4.35 93.46
7  France 2,826 2.25 62.13 2,885 2.25 64.92 2,943 2.25 66.22
8 Russia 2,826 1.52 57.81 4,068 1.52 61.83 4129 1.50 61.94
Continue

! See R&D Magazine, retrieved from www.rdmag.com

BRAZILIAN JOURNAL OF PUBLIC ADMINISTRATION | Rio de Janeiro 55(3): 512-537, May - June 2021

515



Countries

9

10
11
12
13
14
15
16
17
18
19
20

UK

Brazil
Canada
Australia
Taiwan
Italy

Spain
Turkey
Netherlands
Sweden
Switzerland
Singapore

RAP Technological innovation in Brazil: challenges and inputs for public policies

2017 2018 2019
GERD  GDP GERD  GDP GERD
GOP ~ Rep  ppp . haD o ppp I
PPP Bil. . . as % . . as % .
en as%G0P Bl Bil . Bil. Bil kBl
USD  USD USD  USD USD

4,000 1.73 49.16 2,926 1.72 50.33 2,970 1.73 51.38
2,880 1.18 37.14 3,293 1.17 38.53 3,875 1.16 39.15
3,219 1.80 30.85 1,801 1.80 32.42 1,837 1.80 33.07
1,764 2.34 28.64 1,272 2.34 29.77 1,312 2.35 30.82
1,235 2.45 28.20 1,197 2.45 29.33 1,221 2.46 30.04
2,307 1.26 28.39 2,342 1.27 29.74 2,365 1.26 29.80
1,769 1.26 21.81 1,819 1.26 2291 1,859 1.25 23.23
2,133 0.90 18.34 2,227 0.90 20.04 2,316 0.89 20.61
915 2.10 18.64 945 2.10 19.83 967 2.10 20.31
522 3.31 16.93 535 3.3 17.82 547 3.28 17.94
517 2.98 14.99 529 2.98 15.75 539 2.97 16.01
514 2.62 13.19 529 2.62 13.85 543 2.64 14.33

Source: R&D Magazine (2019).

As mentioned before, although Brazil’s investments in R&D has been increasing over the past

several years, the results in terms of innovation and increased productivity are not as significant,

which can be verified by the following facts:

1)

2)

3)

4)

In the Global Innovation Index (GII), with a ranking of 129 countries, Brazil fell from
47" position in 2011 to 66" in 2018. This is a publication by Cornell University, in
association with INSEAD and the World Intellectual Property Organization (WIPO) -
www.globalinnovationindex.org. The IGI is based on 79 indicators to calculate four innovation
measures. The innovation effectiveness rate measures how much of a result (innovation) a
country achieves in relation to its resources, such as investments in R&D. Along with related
aggregate indexes, this one has some limitations of a substantive and methodological nature.
However, it is useful to obtain an initial basis for measuring Brazil’s innovative performance.
In the Global Competitiveness Report (2018-2019), Brazil occupied the 72" position among
140 countries, regressing three positions in relation to 2017 (World Economic Forum, 2019).
In the IBGE Innovation Survey (Pintec, 2012-2014), innovative activities in the researched
companies are predominantly new. Less than 2% carry out innovations with a degree of novelty
new for the Brazilian market, and an even smaller portion implements innovations for the
world market (Instituto Brasileiro de Geografia e Estatistica [[BGE], 2014).

Regarding the increase in productivity, Brazil occupies one of the worst positions among
countries with a similar degree of development (Confederagdo Nacional da Industria [CNI],
2018; Feenstra, Inklaar & Timmer, 2015).

* The Industrial and Technological Innovation Survey (PINTEC) is conducted every three years. It analyzes the sectors of industry,
services, electricity, and gas. PINTEC’s last edition worked on a sample of approximately 130,000 companies.
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These indicators reflect and contribute to the impact of per capita income in Brazil. For more than
50 years, Brazil has been static in the condition of a middle-income country, as illustrated in Figure 2.
Under this condition, a country has high production costs that prevent it from competing with export-
oriented and competitive economies. However, their technological capacity for innovation is not
high enough to face competition from companies in advanced economies (Lee, 2013). It is possible
to escape this “middle income -and technology trap,” as we will discuss in section 5.

FIGURE2  BRAZIL: IMPRISONED IN THE “MIDDLE-INCOME TECHNOLOGY TRAP”

High production costs limit
exports and harm national
companies’ competitiveness
compared to companies from
export-criented economies that
operate with lower costs.

The innovative technological
capacity level is insufficient to
compete with companies from
advanced economies.

Slow economic growth and low
industrial development

Source: Elaborated by the authors.

2.2 How can this paradoxical situation be interpreted?

Among the various factors that have contributed to the indicators mentioned above, the limited
presence of the private sector in investments in R&D stands out. Figure 3 shows that Brazil has
had the largest state participation in the national R&D effort. This used to be the situation in
some emerging economies, such as South Korea and other Southeast Asian economies, in the
1970s and 1980s, and China, until the 1990s. However, these countries reversed this proportion of
government participation in R&D expenditures in the following decades, achieving the standards
observed in advanced economies. A common feature of high-income countries, including South
Korea, but also China, is that companies participate much more than governments in the national
R&D effort.
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FIGURE3  PERCENTAGE DISTRIBUTION OF NATIONAL EXPENDITURES IN R&D, PER FUNDING SOURCES,
IN SELECTED COUNTRIES (2000-2015)
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Note: The item “others” includes higher education institutions and nonprofit organizations.
Source: MCTIC (Brazil) and OECD (www.stats.oecd.org).

However, in the Brazilian context, it is important to mention that the percentage distribution
of R&D expenditures in the state of Sdo Paulo differs substantially from that prevalent in Brazil.
About 60% of R&D expenditures in the state are made by companies. Therefore, the nature of R&D
expenditures in Sdo Paulo is in line with that of advanced economies and Asian countries, such as
Korea and China.’

Brazil’s situation, however, has remained unchanged since 2000. This is similar to the average
of the other Latin American countries. Finally, the Brazilian scenario is against most advanced
economies and, especially, that of Asian countries, such as South Korea and China. In these countries,
business investment in R&D was increasing in the period 2000-2015 and higher than government
investment. They have gradually created conditions of greater credibility for the financing base for
risky investments.

Private investment in R&D guarantees meeting the demands, focusing on results and aims for
technological development and innovation. Investors are companies that accumulate experience
and specific and idiosyncratic knowledge on technical aspects of products, processes, services, and
sales. Furthermore, innovations at the company level and its network of partners in various sectors

* See www.fapesp.br (Indicators of ST&I in the Brazilian State of Sdo Paulo, several years).
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of the economy are the basis for countries’ productivity and growth. As widely demonstrated in the
literature, companies that innovate and are more effective achieve better competitive performance
and long-term growth (see, for example, Bell & Figueiredo, 2012; Fagerberg, Mowery & Nelson,
2005; Lee, 2013; Tidd & Bessant, 2013). Considering that the innovation process is implemented
primarily by companies, productivity gains and economic growth in countries ultimately depend
on innovative companies.

On the other hand, the innovations that companies implement, individually or together with their
partners, reflect varied creative activities, such as imitations, trial and error, and experimentation to
solve problems in products and processes, various models of design and engineering, and various levels
of R&D (Bell, 2009; Bell & Figueiredo, 2012). Therefore, several economically relevant technological
innovations implemented by companies do not always derive from science. On the contrary, the
opposite is often true. In addition, several technological innovations in the industry have created
the basis for an agenda and advances in science. As largely demonstrated in the literature, the idea
of technological innovation as a mere application of scientific knowledge is misleading. As Nathan
Rosenberg states, such a perspective obscures an elementary point that technology is itself a body of
specific knowledge about certain types of events and activities (Fagerberg et al., 2005; Freeman, 1974;
Kline & Rosenberg, 1986; Rosenberg, 1982).

It is also worth remembering the classic studies by E. Mansfield, which demonstrated that the
vast majority of product and process innovations in different industries in the US were implemented
without the benefit of basic research carried out at universities (Mansfield, 1991). For along time - and
even today - relevant technological knowledge has been accumulated based on experimentation
and trial and error without a scientific basis. Therefore, to a considerable degree, there are situations
in which technological knowledge precedes scientific knowledge. For certain production activities,
there is still no deep scientific knowledge. For example, the high costs of aircraft development are
associated with long tests — and consequent design changes based on these tests — because there are no
consolidated theories about turbulence and compressibility for optimizing aircraft designs. A similar
situation currently occurs in the development of algorithms for cybersecurity.

Due to economic incentives, some technological advances based on accumulated technical
knowledge occur prior to scientific understanding. Thus, the notion that scientific research would
appear first and lead to application in technology is simplistic and naive. Technological knowledge
also plays an important role in shaping the scientific agenda.

Subsequent analyses have shown that the way companies seek university scientific knowledge
to innovate varies considerably across industrial sectors (Salter & Martin, 2001). The success of the
interaction between company and university depends largely on the impetus to innovate and on
the ability to absorb knowledge at the company level (Cohen & Levinthal, 1990; Meyer-Krahmer &
Schmoch, 1998). On the other hand, such success also depends on the capacity and interest of the
university and its researchers to understand the nature of the companies’ problems and demands.

However, the company’s primary role when implementing innovation is not widely understood,
even within the scope of policymakers. Universities and public research institutes are mistakenly

assigned the role of main (or even “exclusive”) actors in the innovation process, especially in developing
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economies. The notion that technological innovation, at the industry and company level, still results
linearly from the application of scientific knowledge developed in universities and research institutes is
reiterated. As mentioned earlier, this linear perspective does not reflect the reality of the technological
innovation process in the industry and the economy.

In Brazil, the prevailing perspective is that scientific efforts precede industrial innovation. The
debate on science, technology, and innovation (ST&I) policy in Brazil is still strongly influenced by
a linear perspective on innovation, where the public policy attention must focus on strengthening
research capacity in universities and government research institutes. This perspective, which emerged
around 1945, was widely questioned and lost its validity as early as the 1970s (Cruz, 2003). Figure 4
represents the essence of this linear perspective.

FIGURE4  REPRESENTATION OF THE LINEAR MODEL OF INNOVATION

. : Experimental .
» App“ed e » »

Innovation /
Industrial
development

Laboratories and
basic research

Supply of science
institutions

Source: Elaborated by the authors.

This is an emphasis on the supply-side that favors scientific research excellence (especially
basic research) and human resources development in science to the detriment of efforts in the field
of technological and industrial development. It reflects a mistaken notion that innovation is the
“commercialization of science” (Caraga, Lundvall & Mendonga, 2009). However, abundant empirical
evidence documented in the literature demonstrates that innovations that substantially impact the
economy do not necessarily depend on science. On the contrary, there is a historical recognition of
the influences of technological advances in the industry, based on design, engineering, experimentation,
and trial and error that determine scientific advances or shape the scientific research agenda (Caraga
et al., 2009; Rosenberg, 1982). In Brazil, as observed by Cruz (2003), the mistaken notion that
technological innovation occurs more in the university than in the company tends to prevail. This
does not mean that we are suggesting an inferior role for science in economics and society. On the
contrary, science plays a fundamental role in the socio-economic development of countries, as we
will discuss in the following sections.

Although science may be important for the innovation process, it has long ceased to be the
priority source for innovation (Caraga et al., 2009). Over the past few decades, numerous studies have
demonstrated that the innovation process is increasingly interactive, interdependent, and derived from
diverse sources, both internal and external to organizations (Chesbrough, 2003; Lundvall, 1992), as
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shown in Figure 5. Furthermore, several classic studies demonstrate that the innovation process is
triggered by economic incentives, especially potential and existing needs, problems, and demands
(Kline & Rosenberg, 1986; Rosenberg, 1992; Tidd & Bessant, 2013).

FIGURE5  REPRESENTATION OF THE DIFFUSE SOURCES OF INNOVATION
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Source: Elaborated by the authors.

Innovation implies a wide range of activities, as observed in organizations and countries that have
obtained innovative and productive performance. These activities range from creative imitation and
replication, including processes of experimentation, design, and engineering (D&E), to the different
levels of R&D (from trouble shooting and production support to applied and basic science) (Bell &
Figueiredo, 2012).
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2.3 The distribution of government expenditures on R&D in Brazil, by socioeconomic objectives

As already mentioned, R&D investments are not exclusively aimed at generating technological
innovation. Other goals stand out, such as contributing to a scientific base in the country or
improving economic activity regulation. As our focus here is on innovation and productivity, the
national expenditure on R&D can be considered ineffective regarding the creation of innovation to
be implemented in the economy. Therefore, one issue related to the private sector’s little participation
in R&D investments is the distribution between basic science and technological development. To
elaborate, we present a brief comparison between Brazil and South Korea.

In the late 1960s, Brazil and South Korea performed similarly in terms of technological and economic
development indicators. Over forty years later, South Korea has become a high-income economy,
with a high level of productivity and with global technological and commercial leadership in various
industries. Brazil, in turn, remains stagnant in the condition of income and medium technology,
with a low productivity rate, slow economic growth, and consequent social effects. Figure 6 presents
an approximate comparison between Brazil (federal and state levels) and South Korea regarding the
distribution of government spending on R&D, per socio-economic objectives, for the period 2000-2015.

FIGURE6  BRAZIL VS. SOUTH KOREA: DISTRIBUTION OF GOVERNMENTAL EXPENDITURES IN R&D, PER
SOCIO-ECONOMIC OBJECTIVES (2000-2015)
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Notes:

(1) Brazil: average of the period 2000-2014; South Korea: average of the period 2000-2015.

(2) As for the socio-economic objective “higher education institutions” (HEI), according to the MCTIC (our translation): “Some expenses
are subtracted from the annual budget executed by federal and state institutions offering Master and PhD degrees recognized by the
Brazilian agency CAPES in order to estimate the portion of resources directed to graduate programs. These expenses are interest and
debt amortization, expenses related to judicial sentences, expenses with inactive personnel and pensioners, and university hospitals’
maintenance. The result obtained after the subtraction is multiplied by the quotient [number of professors in graduate programs/number
of professors of the HEIs in the respective year] (except for the years 2004 to 2006 in federal institutions. For those years, the calculation
considered the quotient based on numbers from 2003)” According to the MCTIC, this category includes investments in buildings and
facilities, as well as salaries for professors and other professionals.

(3) According to OECD accounting (see MCTIC), in OECD countries, the category “non-oriented research” is included in “higher
education institutions.”

(4) Percentages calculated based on values in USD constant in 2011.

Source: Elaborated by the authors based on data from MCTIC (Brazil) and OECD (https://stats.oecd.org), chapter GBARD.
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In Brazil, universities (most of them are public institutions) have absorbed most of the government’s
investment in R&D (UNESCO Science Report 2017 - www.en.unesco.org/unesco_science_report). At
the state level in Brazil, universities accounted for the vast majority of R&D investments, from 62.2%
(2000) to 71.4% (2014), followed by “non-oriented research” (average of 14%, 2000-2014). This means
alarge part of the expenditures are concentrated in higher education and scientific production, to the
detriment of technological development and implementation of innovations in other components of
the innovation system, especially companies.

In South Korea, from 2000 to 2015, government spending on R&D with universities grew from 19.8%
t0 20.8%. The expenditures on “technological and industrial development” are noteworthy: from 24.2%
(2000) t0 29.2% (2016). Figure 7, on the other hand, presents the same information but in an even more
compact way. Government expenditures on technology R&D refer to the socio-economic objectives
of Figure 6, excluding expenditures with “higher education institutions” and “non-oriented research.

FIGURE7  BRAZIL AND SOUTH KOREA IN INVERSE POSITIONS

30.0%

Higher education institutions and Technology
non-oriented research

. Brazil South Korea

Note: The same notes for Figure 6 apply.
Source: Elaborated by the authors based on data from MCTIC (Brazil) and OECD (https://stats.oecd.org), chapter GBARD.

Much of South Koreas R&D spending has been directed towards technological development
and innovation. These data corroborate the existing studies on how South Korea has managed to
evolve from being an agrarian country, with low rates of productivity and income, and low industrial
and technological development (1950s and 1960s), to a high-income economy with technological and
commercial leadership in several types of industry: the country strongly emphasized the participation
of companies in R&D investment. At the same time, government R&D investments focused on applied
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research and experimental development. These types of R&D expenditure support the accumulation
of technological capacities for innovation at the company level (Kim, 1997; Lee, 2013).

After achieving a high level of income and a high level of industrial and technological development,
South Korea accelerated its government efforts towards basic research while paying attention to applied
research and experimental development (see OECD www.stats.oecd.org). With the strengthening of its
scientific base, associated with a strong technological base in the industry, South Korea can proactively
take advantage of the new windows of opportunity, especially in new technologies. There is currently
a more interactive and ambidextrous relationship concerning investments in science and technology.
South Korea’s experience sends an important message about the effectiveness of R&D expenditures
for other emerging economies, such as Brazil. The evidence from South Korea and other countries
that have evolved from a similar situation contradicts the prevailing logic in Brazil, which privileges
the focus of investment efforts on science.

At this point, it is important to comment on this centralization of R&D activities in universities
and other public research institutions (Bell & Figueiredo, 2012; Bell & Pavitt, 1993). First, it is a
phenomenon prevalent in developing economies. It reflects a specific notion of the technological
innovation process and a deficiency in the organizational and management basis for R&D efforts.
More specifically, it usually implies an exaggerated emphasis on the supply side of R&D (Bell, 2009).
It considers universities and public research institutions as the locus of innovation and primary
generators of resources for technological innovation in the industry. This is the case, for example,
with the regulatory and legislative framework of the oil and gas industry in Brazil (Ghiorzi, 2019).
This perspective tends to generate an exacerbated expectation about the results that universities can
deliver, generating a negative assessment of their performance (Caraga et al., 2009).

Second, it expresses a notion of the sectoral innovation system that tends to ignore users and
the other different actors involved in producing goods and services. These actors link the demand
for technological innovation resources and play a key role in their implementation (Bell, 2009). This
deficient organizational base and other factors — such as the precarious management of universities
and public research institutions (although there are exceptions) and budget irregularities and
instabilities — not only limit the pressures of demand for R&D but compromise the effectiveness of
national research and development.

It is worth emphasizing that we are not advocating the lesser importance of basic science or
research. On the contrary, we share the perspectives and evidence on the various benefits of science
and basic research for the economy and society, which includes (Martin & Tang, 2007; Pavitt,
1991; Soete, Verspagen & ter Weel, 2010): the increase in useful knowledge; training of qualified
professionals; creation of new scientific instruments and methodologies; formation of networks
and enhancement of scientific and social interaction; increasing capacity to identify and solve
technologic problems; creation of new companies; generation and provision of social knowledge;
and overcoming situations of imprisonment in existing solutions. We also understand that public
R&D investments do not involve crowding out nor replacing private investments. They complement
private investments to meet existing and potential demands, problems, and needs of the economy
and society (Georghiou, 2015).
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3. INNOVATION SUPPLY AND DEMAND

There are different concepts linked to innovation, such as incremental and disruptive innovation,
innovation portfolio and risk management versus innovation return, innovation constraints and
limitations. All can be framed or analyzed using a simple design that relates the supply of innovation
to its demands (Figure 8).

FIGURE8  RELATION BETWEEN INNOVATION SUPPLY AND DEMAND

Existing Supply Innovation

Current Demand o °
INCREASED ADHERENCE BETWEEN
I— PRESENT SUPPLY AND DEMAND, ESPECIALLY

INCREMENTAL INNOVATION

CONTINUOUS INCREASE OF ADHERENCE
AND CAPTURE OF NEW DEMANDS.
GREATER SPACE FOR DISRUPTION

Potential Demand

L

Source: Elaborated by the authors.

Quadrant number 1 is the status quo, where the existing supply matches the current demands
and, usually, can be adapted to the demands’ minor variations. Number 2 shows the innovations
that are, above all, incremental and generally focus on efficiency gains, either through process
improvement or through slight product improvements. The low cost, especially for dissemination,
allows meeting the demands that have not yet been met. Quadrant number 3 emphasizes the ability
to meet new demands with less attention to cost reductions. The difference between increment
and disruption lies in the size of the leap that is made and the speed at which it is achieved. The
shaded quadrant corresponds to potentially existing demands that are currently not satisfied.

The natural path in an economy is to work on adding quadrant 2 to 1, then 3 to 1 and 2, successively.
Therefore, the use and diffusion of innovations constantly increase, adding value to the economy. From
the point of view of economic sustainability, it is difficult to operate quadrant 3 directly. The reason
is that disruptive innovation processes (in the radical sense) have many risks: (a) by definition, the
volume of investments needed to reach a result is more volatile with an upward bias; (b) the return
is also volatile, usually, with a downwards bias.
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Brazil distributes its R&D investments inefficiently and adopts few, if any, of the security measures
and procedures necessary to manage the risk of the innovation portfolio. In general, the country
does not know how to do this. First, the distribution between basic science and technology is more
in search of something in quadrant 3 than in quadrant 2.

Second, the distribution of government investment in R&D in Brazil, as shown above, is
concentrated in basic science. Thus, public expenditure is primarily oriented towards promoting
science itself. Within this sphere, it is extremely dispersed in numerous research lines due to the
notion of adopting minimum investment sizes, limiting its effectiveness. Also, the investments are
subject to the uncertainties of government budget execution.

Third, the low, almost nil, proportion of defense investment (Figure 6) means that a potent and
focused subsidy instrument, where results are sure to happen, is not exploited. Defense investment,
together with others, reduces the return volatility. At the same time, it can be used as an intelligent
source of subsidies for technological development, the demand for qualified professionals, and
innovation, including the innovative activities of startups and specialized SMEs.

When resuming and deepening the previous analysis, the potential demands can be divided
between those we perceive today and those we do not know yet. On the other hand, something similar
can be done with innovations. This would give us a refinement, as shown in Figure 9. The problem
becomes clear here: what is the correct sequence of rectangles to be occupied? It does not seem that
Brazil has understood this issue correctly.

FIGURE9 A MORE SOPHISTICATED PERSPECTIVE OF THE RELATION BETWEEN INNOVATION SUPPLY
AND DEMAND

Supply not yet existing, but
Existing Supply incemenally obtainable Disruptive supply

Existing o
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demand
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Source: Elaborated by the authors.
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4, POLICY DESIGN FOR TECHNOLOGY INNOVATION

As observed in the previous section, national innovation strategies are necessary due to a growing need
for countries to gain productivity and compete globally with added-value and innovative products.
Simultaneously, market forces alone do not guarantee the implementation of innovations at the
company level. The following points must be considered:

(1) It is important to emphasize that innovation does not mean only new ideas, creativity, and
inventiveness, which is a notion that has always supported scientific policies in the past.
Innovation involves adding value to ideas and implementing them. It aims to increase
productivity and respond to society’s existing and potential problems, demands, needs,
and challenges. Because it is solution-oriented, innovation is a relevant element in the
public managers’ work when facing technical, economic, and social issues. As observed by
Joseph Schumpeter (Schumpeter, 1934) and confirmed in subsequent studies (Fagerberg
et al,, 2005), innovation primarily involves the recombination of existing technologies.

(2) Innovations reflect and derive from a broad spectrum of activities and technological capabilities
that involve experimentation, creative imitations, problem-solving based on engineering,
design, and development, up to the most advanced level of R&D within companies and their
network of partners. Therefore, a more comprehensive and inclusive perspective on the
innovation process is needed.

(3) Therefore, it is a mistake to associate innovation with the mere application of scientific
knowledge. However, as mentioned earlier, this linear perspective on innovation - i.e., basic
scientific research carried out in universities, and public research institutions would lead
to technological innovation - is still invoked to justify the increase in government R&D
expenditures. As stated, several relevant innovations do not necessarily depend on science.

(4) The innovation process has become increasingly fragmented and internationally and
organizationally dispersed. Innovative companies collaborate with several partners, suppliers,
users, startups (with different purposes), specialized consultants, competitors, universities,
research institutes. However, this collaboration does not mean transferring innovation activity
to partners. The producing company continues to retain the fundamental role of leading the
innovation process.

(5) Innovation policies involve public intervention to support the generation and diffusion of new
products, processes, or services. They also support new business models and organizational
arrangements, new forms of product commercialization and distribution, new resources for

production, and other innovative activities.

Thus, this study focuses on increasing private sector investment in R&D and the rate of
innovation in the economy. The literature and countries’ experiences identify policy instruments
aimed at directly and/or indirectly stimulating innovation. Such instruments can be classified as
related to the supply side (those that influence the generation of innovation) or to the demand side
(i.e., influencing those who require/desire, buy, or apply innovations and the resources needed to

implement such innovations).
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Policies focused only on the supply side tend not to consider commercial applications and have

been insufficient for innovation generation and implementation. At the same time, there is a consensus

on the fundamental role of companies and their partners in the process of innovation and increased

productivity. Over the past few decades, several developed countries have valued demand-driven

innovation policies connected with supply policies.

Such policies can and should be designed considering the use of the instruments presented in

Box 1. They are classified according to their main focus on supply or demand. The examples in Box 1

are not exhaustive but offer an idea of the complexity of the analysis to be made. Figure 10 shows

some examples of interactions between the supply and demand dimensions of innovation-oriented

public policies.

BOX 1 EXAMPLES OF THE INNOVATION POLICY’S SUPPLY AND DEMAND INSTRUMENTS

Examples of the innovation policy’s supply and demand instruments
Fiscal incentives to R&D
Direct support for R&D in companies
Access to financing and loan guarantees

Policies for training and qualification of human resources by
companies

Policies for migration of human resources and protection of
employment

Measures to support the protection of intellectual property

Policy to support entrepreneurship (including incubators and similar
mechanisms)

Technical support and advisory services
Cluster policy

Policy to support collaboration in R&D
Policy to form innovation networks
Stimulate demand for innovation

Public procurement policies

Policies for pre-commercial procurement

Policies for cooperative purchases and catalysts (government in
connection with companies)

Creation of innovation guidelines and tools to support the processes
of government procurement with examples of best practices

Measures to reduce the barriers to SME’s participation in public
procurement

Supply
v

v
v
v

<\

<X

AN NN

Demand

AN N NN

(\

Goals and expected impacts

Increase R&D spending

Increase personnel’s
qualification (skills)

Obtain access to specialists

Development of systemic
capabilities

Enhance demand for
innovation from the private
sector and consumers

Continue
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Examples of the innovation policy’s supply and demand instruments ~ Supply Demand Goals and expected impacts

Competitive processes for innovative entrepreneurs in government v
procurement
Contracts for reimbursement of costs v
Creation of incentives to stimulate demand for new products and v
services
Measures to increase awareness and stimulate consumers to buy v
new products and services
Various standardization measures v
Various forms of regulation v
Innovation inducement prizes v
v v
Y Development of capabilities
for innovation in firms along
the value chain
v v

- = Intersection between supply and demand.
Source: Adapted from Edler (2013), Edler and Fagerberg (2017), and European Commission (2015).

FIGURE 10 EXAMPLES OF THE INTERACTION BETWEEN THE INNOVATION POLICY DIMENSIONS OF

DEMAND
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Source: Elaborated by the authors.
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Over the past 20 years, Brazil has created a set of policies to support innovation. These policies
have been implemented in the form of several programs and actions. It is interesting to note that
Brazil’s policies over the past 20 years have mostly emphasized the supply side to the detriment
of the demand side.

Brazil is among the five countries with the greatest fiscal generosity in fiscal incentives for
innovation in companies (deductions, tax credit, accelerated depreciation) (Araujo, 2012). However,
the result in terms of innovation and productivity has been insignificant. For Carlos Américo Pacheco,
“the Brazilian incentive system as a whole has, to date, been ineffective in changing the Brazilian
innovation framework” (Pacheco, 2011, p. 272). In addition, it is important to note that programs and
actions lack more systematic assessments of their performance and impacts. Some programs
and actions are discontinued without at least undergoing a process to evaluate the benefits generated.
On the other hand, innovation incentive policies in Brazil tend to emphasize procedural aspects, such
as an exacerbated focus on bureaucratic and punitive issues, to the detriment of measuring impacts
and results regarding the implementation of innovations with an increasing degree of novelty and
complexity and the strengthening of the international competitiveness of the industries targeted by
these policies.

5. TECHNOLOGICAL INNOVATION: THE NEED FOR AN ORGANIZATIONAL BASE

The widespread idea is that technological innovation requires a stock of creative and qualified
professionals and advanced facilities (machines, equipment, laboratories, and intelligent
buildings). However, this is a limited concept. Creative and qualified human capital is obviously
necessary to implement innovation, but it is not enough. Innovation is not merely creativity
or brilliant ideas. It involves a process of transforming an idea into practical and commercial
application, in the form of a product or service that adds value, meets a demand (existing or
potential), and complies with technical, economic, and commercial feasibility requirements. For
this transformation process to occur, an organizational base and good management are necessary
(Figueiredo, 2015).

At the company level, where technological innovation primarily occurs, this organizational and
managerial basis involves a set of organizational routines, procedures, and structures dedicated to
innovation, such as product and process design and development units, engineering, R&D, and the
company’s network of partners. Non-technological areas are also involved, such as marketing, finance,
operations, distribution, and the interface with the organization’s external collaboration network.

In other words, the implementation of innovations depends on the combination of human capital,
structure (equipment, machines, database, laboratories), and organizational and managerial
capital. The latter also integrates and coordinates the previous components in achieving innovations.
The symbiotic relationship between these components forms a strategic asset called technological
capability (Figueiredo, 2001, 2015).

However, it is important to mention a subtle distinction between two types of technological
capabilities (Bell & Figueiredo, 2012; Bell & Pavitt, 1993). The first refers to production or operational
technological capability, which is the ability to use or operate existing technologies and production
systems. The second concerns the capabilities to implement changes in existing technologies and
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production systems and/or create and develop new technologies. They are called technological
innovation capabilities.

These two capabilities can be developed simultaneously by companies and countries. However,
some of them may become trapped at the level of production or operational capabilities. In these cases,
they become mere users or operators, albeit efficient, of technologies and production systems from
other companies and countries (Bell & Figueiredo, 2012; Figueiredo, 2015). Making the transition
from the accumulation of technological production or operational capabilities to technological innovation
capacities involves, to a great extent, strategic options for companies and countries (Figueiredo & Cohen,
2019). Several companies and countries have managed to make this transition effectively. In Brazil,
there are some inspiring examples, as mentioned in Section 1.

The companies have played the leading role in the development of these technological innovation
capabilities. However, this task has been increasingly shared with and supported by suppliers, key users,
universities, and research institutions (Figueiredo & Cohen, 2019; Figueiredo, Larsen & Hansen, 2020).
Therefore, and more specifically, for companies to innovate, be competitive, and generate a significant
contribution to the country’s growth, they must accumulate technological innovation capabilities. Thus,
coordinated actions would be necessary to value innovative activities in companies in terms of design
and engineering and help them develop more advanced R&D technological capabilities. This means that
policies must be designed as a long-term commitment of the state, regardless of government transitions.

More specifically, contemporary history has demonstrated that an effective transition from
the accumulation of production or operational capabilities to technological innovation capabilities
depends, increasingly, on competent government policies. Specifically, this effective transition has
been characterized by government interventions, the main component of which involves developing
innovative technological capabilities at the company level and not just at the level of public universities
and institutions.

6. WHAT WE SAID, WHAT WE DIDN’T SAY, AND MORE

Topics related to science, technology, and innovation (ST&I) policy formally entered the agenda for
governmental discussion and action in Brazil in the late 1960s after the elaboration of the I National
Development Plan (PND, 1972/74) and the Basic Plan of Scientific and Technological Development
(PBDCT, 1973/74) followed by II and III PBDCTs. During the late 1990s, the federal government,
through the Ministry of Science and Technology, led an initiative to systematize, in a detailed and
exhaustive manner, the various elements related to the ST&I system considered necessary for national
development, by issuing the document Ciéncia, tecnologia e inovagdo: desafio para a sociedade
brasileira — Livro verde (science, technology, and innovation: challenge for Brazilian society - Green
Book) (Ministério da Ciéncia e Tecnologia [MCT], 2001).

In September 2001, as a result of the national ST&I conference, the Livro branco da ciéncia,
tecnologia e inovagdo (white paper on science, technology, and innovation) was created. Its goal was
“to point out ways for Science, Technology, and Innovation to contribute to the construction of a more
dynamic, competitive, and socially fairer country” (MCT, 2002, p. 21) for the period 2002-2012. Thus,
some of the topics connecting ST&I and national development have been recurrent in the Brazilian
debate since the 1960s (Figueiredo, 2004).
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From the beginning of the 2010s, efforts were made around the National Strategy for Science,
Technology, and Innovation (ENCT) - versions 2012-2016, 2015-2020, 2016-2022. This action was
welcome due to the nature of its various intentions. However, despite all efforts made over the past
50 years, little advances can be observed in the field of productivity and technological and industrial
development, as the indicators explored before demonstrate. On the contrary, over the past few
decades, except for some areas, Brazil has experienced a worrying systematic departure from the
international frontier of technological innovation. At the same time, Brazil has lost relevant windows
of opportunity in terms of technology and demand.

There seems to be a substantial mismatch between intentions and achievements, difficulties in
taking advantage of windows of opportunity, and difficulties in solving issues already overcome
in other countries. It is possible to infer a severe problem of an organizational and institutional
nature behind this mismatch (Figueiredo, 2004). Currently, discussions are focused on the National
Innovation Policy (PNI), which represents a new opportunity to identify key issues deserving attention
and develop implementation strategies that can lead Brazil out of technological backwardness and a
definite increase in the country’s innovation rate. It is an opportunity to move from broad and diffuse
proposals to lines of action focused on truly relevant issues that change the status quo.

The issue of technological innovation tends to become central to the discussion about the future
of Brazil. Correcting the current process, which has several significant results but with a low return, is
a complex task, as it will affect consolidated power structures around the distribution of public funds.
Preferably, the state has to invest more, but there is no excuse for not increasing the social return on
investments, regardless of whether this increase occurs.

In the short term, there is no fiscal flexibility for the state to increase its spending on R&D. Also, in
the short term, R&D risk-taking by the private sector is small. Although the context is challenging,
some actions can be taken. It is necessary to look at the details of the R&D investment process and see
how it can be optimized. Incentive schemes need to be studied, and the link between investment in
basic science and technological development needs to be further explored and better understood.

It is crucial to revise the investments, identifying the elements that are more or less important,
improving the rank of priorities. Also, policymakers have to pursue a common understanding of the
roles of the actors involved in the innovation process at the national level.

Again, we recognize that R&D investments do not have the exclusive purpose of generating
technological innovation. There are important objectives, such as contributing to a scientific base
in the country or improving the economic activities’ regulation. At the same time, it is necessary to
consider the urgency of increasing the rate of innovation and productivity in the Brazilian economy. In
this sense, the concern with increasing the efficiency of national spending on R&D in Brazil is legitimate.

The agents responsible for combining supply and demands for innovation and the potential
demands in the decision-making process regarding investment in technological innovation are
essential. A country’s socio-economic development depends, to a large extent, on a strong scientific
base, reflected in universities capable of forming a critical mass and carrying out research in the various
areas of knowledge. As the renowned professor José Goldemberg (2015, p. 53, our translation) points
out, the search for excellence in universities contributes to “giving society the scientific, technical,
and artistic knowledge indispensable for its development.”
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Industrially and economically advanced countries have created a vast technological domain
shaped by economic demands, needs, and incentives. The construction of this technological
domain was linked in several ways to science. However, considering that scientific research is a costly
activity, it is expected to generate economic returns and well-being to society (Rosenberg, 1982, and
related studies).

In contexts where research programs have contributed effectively to technological and economic
development, they have not operated as “ivory towers.” On the contrary, they were oriented towards
pressing needs and problems in industry and society (Mazzoleni & Nelson, 2007), and similar cases
are observed in Brazil. For this reason and based on successful experiences, it would be beneficial
for national development to devote attention to technological development and innovation, as well
as to how science could contribute effectively. Scientific development plays a highly relevant role in
a country’s technological and socio-economic development, which means that science must have a
purpose.

Additionally, it is necessary to reiterate that innovation should not be associated with isolated
events and should make a change. Innovation is a process, and it is hard. Far from reflecting any kind
of automaticity, innovation involves investments and deliberate efforts to build its main resource:
technological capabilities. The innovation process and its impacts on increasing productivity and
adding value to the economy are, to a great extent, a reflection of how companies (and their network
of partners) and countries accumulate technological capacities (Bell & Figueiredo, 2012). Companies
in developing economies, such as Brazil, have deficiencies in technological innovation capabilities
for historical reasons. Thus, the process of accumulating technological capabilities for innovation, at
the level of companies and industries, should be at the center of the debate and actions of innovation
policies in Brazil.

Finally, we emphasize that increasing the innovation rate is one of the main conditions for Brazil to
accelerate its economic growth and social development. The innovation process requires investments
and deliberate efforts. However, the government’s capacity for new expenditures in this area is
increasingly limited. Simultaneously, Brazil's investment in R&D over the past 15 years is far from
insufficient. There is a widespread insistence for Brazil to increase its R&D investment to approach
the average OECD countries of 2.4% of GDP. However, it would be wiser to prioritize increasing the
effectiveness of existing expenditures before simply claiming to increase them. Intensifying the existing
pattern of R&D expenditures would continue to generate insufficient results.

However, if Brazil’s current investment pattern in R&D remains as it is, we will most likely remain
stationary in the condition of an economy of middle-income technology: high production costs, low
capacity for technological innovation, and slow economic growth. The social consequences of this
condition are known. Therefore, we need to move forward in the debate on increasing the efficiency of
expenditures on R&D in Brazil; after all, effective R&D investment is a duty for the present generation
and a social right for future generations.
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7. SUGGESTIONS FOR FUTURE RESEARCH

The discussion put forward in this article paves the way for applied research projects related to
technological innovation and its implications for economic development in Brazil. Box 2 below
presents a non-exhaustive list of some topics to be addressed in future research.

BOX 2 TOPICS ON TECHNOLOGICAL INNOVATION IN BRAZIL TO BE ADDRESSED IN FUTURE
APPLIED RESEARCH PROJECTS
Topics of a . , Topics linked to Topics linked to innovation "
. . Topics of a macroeconomic . . . . Opportunities for
microeconomic innovation policy management at the firm level . .
nature . . innovation

nature and innovation systems

The effect of the The cost of macroeconomic In-depth analysis of Paths to match demand and Process of R&D

investments spillovers
in large companies

internal debt’s
composition on the

policies on subsidies to
innovation

the profile of R&D
investments in different

supply in the design and
implementation of innovation

likelihood to invest countries to explain policies
in R&D Examining the exchange successful measures Developing CRM/
rate strategy together with How human resources Marketplace for
The effect of the faster innovation rate The current investment ~ management affect the innovation to stimulate

oligopolization on  and greater penetration in in Brazil from the innovation process the interaction

R&D investments  international markets standpoint of the BSC between companies
at the firm level of the country and its Examining processes to ensure — and universities,
“The Europe effect” on companies the supply ‘niche’ meets and companies and

The investments in innovation demand in innovation projects  research institutes

microeconomic The hindrances of

aspects of current
policies on R&D

The growth of the service
sector, the nature of its

the current rules and
regulations on R&D

Paths of accumulation of
innovative technological

|dentify opportunities
for industrial

subsidies innovation process, and the capabilities in firms and their ~  diversification and
impact on productivity Fiscal policy regarding  impacts on productivity the creation of new
R&D industrial sectors and
|dentify together with companies
Proposals to revise R&D  universities and research
incentive policies institutes the organizational The process of adding
and legal barriers that inhibit value to the industry
Ranking of the the interaction between them  through service
instruments of and companies activities
innovation policy
according to their
efficacy
[dentify ways to
systematize the
assessment of
programs and actions
defined in governmental
innovation policies
7 Vv Vv v v
3 Topics 4 Topics 7 Topics 5 Topics 4 Topics
v
23 TOPICS

Source: Elaborated by the authors.
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