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Abstract

This paper presents an analysis of the aggregate efficiency of the
Brazilian research and development (R&D) efforts and compares
it with those of a number of selected countries. R&D efficiency
is measured as the ratio of selected R&D outputs to inputs. R&D
efforts are measured in terms of: j) expenditures; and /i) number
of researchers. R&D outputs are measured in terms of i) scientific
and technical publications; and /i) patent applications. Results indi-
cate that besides investing less than other countries of reference
in R&D, Brazil is also less efficient in converting these investments
into publications and patents. Brazil is relatively more efficient in
publications than in patent applications. Although the determi-
nants of R&D aggregate efficiency have not been investigated,
results suggest that it is affected by economies of scale and that
countries with lower levels of expenditures can increase their effi-
ciency when they specialize in specific R&D fields.

Keywords: R&D efficiency; R&D expenditures; innovation policies;
Brazil.

Resumo

Neste trabalho analisa-se a eficiéncia agregada dos esforcos de
P&D no Brasil, comparando-o com um conjunto de paises sele-
cionados. A eficiéncia é calculada como a razdo entre indicado-
res de resultado e de esforco de P&D. Os esforcos sdo medidos
com base: j) nos dispéndios; e i) no nimero de pesquisadores.
Os resultados sdo aferidos com base i) em publicacdes técnicas
e cientificas; e ii) patentes aplicadas. Os resultados indicam que
além de investir menos em P&D do que outros paises de referén-
cia, o Brasil é também menos eficiente em converter esses esfor-
¢os em publicagBes e em patentes. O Brasil é relativamente mais
eficiente para produzir publicacdes do que para gerar patentes.
Embora os determinantes da eficiéncia agregada dos esforcos de
P&D néo tenha sido objeto de analise neste trabalho, os resulta-
dos sugerem sua associacdo com economias de escala e que pai-
ses com menores niveis de investimentos podem aumentar sua
eficiéncia ao se especializem em areas especificas de pesquisa.

Palavras-chave: eficiéncia de R&D; dispéndios de R&D; politicas de
inovacao; Brasil.
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1 - Introduction

There is a widespread consensus that science, technology and innovation (ST&I)
play a central role in economic development (SCHUMPETER, 1942). Freeman (2007)
argues that innovation represents a “crucial source of effective competition, of eco-
nomic development and the transformation of society”. Based on that perception,
several countries have adopted innovation policies (LUNDVALL; BORRAS, 2005)
and fixed targets to increase their R&D investments as a way of achieving higher
levels of development (CARVALHO, 2018). The Lisbon strategy and the Europe
2020 strategy, for example, stated that 3% of the European Union’s gross domestic
product (GDP) should be invested in R&D. The same target had been established
in the case of the United States by the Obama administration (MERVIS, 2021).
Developing countries have also established targets for their R&D expenditures or
for their business enterprise R&D expenditures, as was the case of Brazil in the
2010s (BRASIL, 2011).

However, the impacts of those policies on the development indicators fall short
of expectations. As stressed by Carvalho (2018, p. 373), “the popularity of the R&D
intensity indicator remains high despite the complete lack of effectiveness of R&D
policy based on R&D intensity targets” The lack of effectiveness is usually cred-
ited to the difficulties of accomplishing the established R&D expenditure targets
themselves (CARVALHO, 2018) and to the limitations of the so-called “linear model
of innovation” (VIOTTI, 2008). This model assumes, in its stylized description, that
innovation results from sequential steps from basic research to applied research
and then to development, production and marketing. In the case of Brazil, the pul-
verization of resources has been considered an additional factor that restricts the
impacts of the R&D expenditures (CAVALCANTE, 2018). However, the efficiency of
R&D efforts (i.e., the capacity of converting efforts such as investments into scien-
tific publications or patents) has been the subject of a reduced number of analyses
and has had little impact on ST&I policies. A few papers mentioned in section 2 of
this paper do deal with this subject (LEE; PARK, 2005; SHARMA; THOMAS, 2008;
THOMAS; SHARMA; JAIN, 2011; AKSNES et al., 2017), but none of them discusses the
Brazilian case. Furthermore, those papers use different measures of R&D efficiency.

Brazil has been adopting ST&I policies for some decades and managed to
increase its R&D expenditures, although still lagging behind developed countries.
In 2017, R&D expenditures in Brazil as a percentage of GDP reached 1.26%. Although
higher than the figures in other Latin-American economies such as Argentina
and Mexico and in the so-called BRICS (except for China), R&D expenditures in
Brazil are much smaller than in developed economies. Even when compared with
countries like Australia and Canada, which are relevant commodity exporters like
Brazil (and, as such, less likely to present higher levels of R&D investment given
their sectoral structure), R&D investments in Brazil are reduced. China is advanc-
ing very rapidly towards developed countries’ indicators of R&D expenditures. In
2017, that country invested more in R&D as a percentage of GDP than Australia
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and Canada. These figures reinforce the perception that, given its relatively low
levels of R&D expenditures, Brazil must not only raise them, but also increase
the efficiency of expenditures in order to convert local efforts into scientific and
technological results.

This paper analyzes the aggregate efficiency of the Brazilian R&D efforts and
compares it with those of a number of selected countries. To that end the study: 1)
defines a set of efficiency indicators based on the ratios of R&D output measures
to input measures; and ii) tabulates these efficiency indicators for Brazil and a set
of selected countries (BRICS, Argentina, Mexico and some developed countries of
reference). Besides this introduction, this paper is structured in four additional
sections. Section 2 presents a brief review of previous works that have dealt with
R&D efficiency (or ‘R&D productivity, in some cases) at the national level. Section
3 describes the methodological procedures adopted to estimate R&D efficiency
indicators. Results are discussed in section 4 and in section 5 presents the paper’s
main conclusions.

2 - Bibliographic review

Discussions about R&D efficiency at the national (aggregate) level are relatively
rare in the literature. In fact, as stressed in the introduction of this paper, most
analyses focus on the inputs or the outputs themselves, but not on the association
between these two aspects, and analyses of R&D efficiency usually focus on firms
(in order to support strategic decisions on investments, for example) (HANEL,
2000; TSAI, 2003). However, we identified some earlier papers that did measure
R&D efficiency at the national level, as discussed in the remainder of this section.

Lee and Park (2005) measured what they called ‘R&D productivity’ (defined as
the ratio of output to input) at the national level for 27 countries in the late 1990s.
Those authors considered the following set of inputs and outputs:

Box 1: variables used by Lee and Park (2005)

Type Variable Description
R&D expenditure Average R&D expenditure of a country for the period 1994-1998.
Input Average number of researchers of a country for the period 1994-
Researchers
1998
TBR Technology balance of receipts in 1999
Output Articles Number of scientific and technical journal articles in 1999
Patents Number of triadic patent families in 1999

Source: Lee and Park (2005).

The authors initially measured the ‘total factor productivity (TFP) for each
output. As a result, every single output is associated with the combination of the
two inputs indicated in box 1. In practice, the authors assumed that i) R&D expen-
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diture is analogous to ‘capital’; and ii) the number of researchers is analogous to
‘labor’ in the traditional TFP models. In their words, “inputs and outputs of R&D
employed in the previous studies were not so different from each other. Inputs
include the number of researchers or the number of R&D personnel as labor, and
R&D expenditure or R&D intensity as capital” (LEE; PARK, 2005, p. 209). As they
use data envelopment analysis (DEA) to measure R&D productivity in such a way
that “multiple outputs of outputs” can be taken into consideration, in practice,
Lee and Park (2005, p. 207) define several productivity measures “by combining
single input with all outputs and single output with all inputs in order to measure
specialized R&D efficiency”. As the authors acknowledge that R&D inputs are not
converted into outputs instantly, they assume a three-to-five-year lag between
R&D inputs and R&D outputs.

Lee and Park’s work (2005) provides several elements for the analysis performed
in the remainder of this paper: i) they define a general measure of efficiency (as the
ratio of outputs to inputs); ii) they select the main input and output variables; and
i11) they consider a lag between inputs and outputs. However, the authors do not
consider the nature of the analyzed inputs even though some of them are more
focused on the scientific or ‘academic’ production, whereas others focus on tech-
nological production. Furthermore, the assumption that R&D expenditures would
be a kind of production factor related to capital might be problematic, because
sometimes these expenditures are simply directed at hiring researchers. In fact,
a significant part of the R&D expenditures measured according to the Frascati
Manual (OECD, 2002) is directed at researchers’ remuneration.

Sharma and Thomas (2008) also used DEA to analyze the R&D efficiency of a
group of 22 countries with R&D expenditures above 0.75% of GDP. They reaffirm
the possibility of measuring R&D efficiency as the ratio of R&D outputs to inputs. In
particular, they use the ratio of patents to gross domestic expenditure on research
and development (GERD) as their measure of R&D efficiency. Sharma and Thomas
(2008) recognize that publications could also be used as an indicator of outputs
but argue that i) they may suffer from language bias; and ii) most publications
have multiple authors (sometimes from different countries) and, as a result, it is
not easy to determine their respective contributions. As a result, their R&D effi-
ciency indicator relies only on the ratio of patents to GERD. The authors resume
their results as follows: “in a nutshell, the study indicates that efficient utilization
of R&D resources across nations has the potential to radically change the growth
scenario in many parts of the world” (SHARMA; THOMAS, 2008, p. 499).

Leydesdorff and Wagner (2009) discuss the contribution of indicators at the
macro-level from a scientometric perspective and relate percentages of world share
of publications to government expenditure on academic research. That allows them
to estimate a ‘price per paper’ in different countries using data on expenditures
from the ‘Main S&T Indicators’ of the Organization for Economic Co-operation
and Development (OECD) and from the science citation index (SCI) available at the
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Web-of-Science of the Institute of Scientific Information (of Thomson Reuters).
As for the input measure, Leydesdorff and Wagner (2009, p. 355) argue that GERD
is composed of three main components: i) business expenditure on R&D (BERD);
i) higher education expenditure on R&D (HERD); and iii) government intramural
expenditure on R&D (GOVERD) and that “HERD cannot be considered as a sufficient
indicator of input to academic research because in some nations (e.g., China, the
Russian Federation) the Academy is a major contributor to scientific publishing”
As aresult, they use both HERD and (HERD + GOVERD) as indicators for academic
publishing. As for the output indicators, Leydesdorff and Wagner (2009, p. 355)
argue that “the best practice in scientometrics [is] to include only citable issues,
that is, articles, reviews, and letters.” That explains their choices of scientific
efficiency indicator components and how they avoid the problems associated to
combining articles and patents in a single output indicator.

Thomas, Sharma and Jain (2011) calculate R&D efficiency as the ratio of pat-
ents granted and scientific publications to R&D expenditures for the states of the
USA and for the BRICS countries. In practice, they add up the data on patents and
publications for the year 2008 and divide the result by the R&D expenditure for
the year 2005. Their sources are USPTO, UNESCO and the ISI Web of Science. In
short, Thomas, Sharma and Jain (2011, p. 9) conclude that “all the BRICS nations
with the exception of Russia, show robust increases in R&D efficiency (between
2004 and 2008), in sharp contrast to the declining performance of the states of
the USA” However, by simply combining data on patents and publications, Thomas,
Sharma and Jain (2011) tend to obtain some “blurred” results, as these kinds of
output have different features (technological and scientific, respectively). Besides,
the scale of patents and publications sometimes is really different as is the case
with Brazil, where publications may reach tens of thousands and yet there are
only a few hundred patents per year. That may explain why Brazil showed ‘robust
increases’ in R&D efficiency between 2004 and 2008, when the number of publi-
cations grew very fast, but the numbers of patents, though erratic, remained at a
low level (CAVALCANTE, 2018).

Aksnes et al. (2017) investigate the methodological problems in measuring
research productivity at the national level. Initially, they estimate the ‘productivity
of national R&D-systems’ as the number of publications in a given year (2012) per
gross domestic expenditure on R&D in current million PPP USD in the same year
(“the most simple and rough measure of the scientific productivity of nations”).
However, Aksnes et al. (2017) also argue that i) scientific publishing is only one
result of R&D; ii) this type of output is not equally important for the different
R&D performing sectors; and iii) a way to overcome that problem is to exclude
business enterprise GERD and to limit the analysis to the higher education and
government sectors (similarly to Leydesdorff and Wagner, 2009). Aksnes et al.
(2017) also express concern about the measurement of scientific output, especially
regarding internationally co-authored publications and the way of crediting them
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across countries. That leads those authors to use a fractional counting scheme.
They point to the lag between inputs and outputs and to other ways of measuring
R&D inputs (using data on human resources).

The literature review discussed so far shows that publications and patents are
the output indicators most commonly used to measure R&D efficiency. Some of
the reservations regarding publications as an indicator of scientific production of
a given country have already been mentioned above. There is also some misgiv-
ing about using patents as an indicator of technological production. First, patents
are a measure of invention, but not necessarily of innovation. In fact, on several
occasions, although patents have represented some new product or process, they
have had no economic applicability. When institutions realize that their perfor-
mance might be measured on the basis of patent applications (e.g., universities
or research centers), there might be some incentive for them to apply for patents
with little or no economic impact. Griliches (1990) highlights that “not all inven-
tions are patentable, not all inventions are patented, and the inventions that are
patented differ greatly in terms of quality”

At the country level, the number of patent applications and concessions is
strongly affected by sectoral composition. For example, countries with a higher
presence of pharmaceutical firms tend to have more patents than countries with
a higher presence of traditional sectors. However, Lotti and Schivardi (2005) have
shown that large and persistent cross-country differences cannot be explained
by the sectoral composition alone, as patent propensity differs substantially even
within sectors. In other words, the number of patents is affected by the sectoral
structure, but even within similar sectors there might be cross-country differences.
Itis also affected by research productivity, appropriability propensity and strategic
propensity factors (Danguy et al., 2009). The results obtained by Johansson et al.
(2015) summarize the debate: “controlling for research and development, industry
composition, and institutional setting, the paper shows that systematic differences
in patent intensity exist between the studied countries, such that almost all indus-
tries are affected by country-specific conditions, suggesting that the countries’
innovation systems differ in efficiency”.

This paper does not investigate the reasons that may explain cross-country dif-
ferences in R&D efficiency, it just analyzes the aggregate efficiency of the Brazilian
R&D efforts and compares it with those of a number of selected countries. That
explains why this review focusses on papers that define R&D efficiency indicators
and that register some cross-country comparisons. However, a natural follow-up
of the analysis of the performance is the analysis of its determinants, and some
papers did focus on that subject. Chen, Yang and Hu (2011), for example, investi-
gated how the innovation environment, especially in the national innovation system,
affects these output-oriented R&D efficiency indicators and concluded that R&D
intensity, intellectual property rights protection, knowledge stock, and human
capital accumulation all have significantly positive effects on efficiency indexes.
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3 - Methodological procedures

As discussed in the previous section, the efficiency of R&D efforts can be gener-
ically defined as their capacity for generating scientific or technological results.
Basically, the measures correspond to the ratio of a given output indicator to a
given input indicator. An average lag between inputs and outputs is usually defined
before computing the efficiencies. In this paper, in particular, R&D efforts were
measured in terms of i) R&D expenditures; and ii) number of researchers, whereas
R&D outputs were measured in terms of i) scientific and technical publications,
and ii) patent applications. Most indicators are available for a large number of
countries. Here, however, the analysis has been limited to a number of selected
countries to which Brazil is recurrently compared when innovation policies are
discussed. These countries are:

e BRICS (Brazil, Russian Federation, India, China and South Africa), which are
large developing economies.

* Mexico and Argentina, which are two large Latin-American economies that
may be used as a reference for comparisons with Brazil.

e The United States, as a large economy and a leading country in ST&I.

e Canada and Australia, as large and developed economies that rely on com-
modity exports.

* South Korea, a country that has managed to catch up over the last decades
and that is sometimes used as a benchmark for the Brazilian economy with
regard to ST&I policies.

e Germany, as a leading economy of the European Union.

Of course, any selection of this kind is, to some extent, ad hoc. However, there
is no intention to explore the reasons that may explain the behavior of the R&D
efficiency indicators (which would require a larger database), a limited number of
countries seems more appropriate to illustrate the proposed indicators. As a result,
other leading countries in ST&I which are not usually compared with Brazil (Japan,
for example) have not been included in the sample. At any rate, further research
may consider using a larger number of countries in order to perform econometric
analyses of the performance of the proposed indicators.

The remainder of this section is structured as follows: subsections 3.1 and 3.2
detail the procedures to obtain the R&D input and output data for the selected
countries. Subsection 3.3 describes the way the indicators were combined in order
to generate the efficiency indicators.

3.1 R&D efforts

As mentioned above, in this paper, R&D efforts are measured in terms of i) R&D
expenditures; and ii) number of researchers. In practice, we considered R&D input
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indicators related both to the gross domestic expenditure on R&D and to the full-
time equivalent (FTE) of R&D personnel. In each case, we split the data into a ‘paper
oriented’ part, basically not related to business enterprises and in practice mainly
related to the government and to universities and public research centers, and a
‘patent oriented’ part, basically related to business enterprises.

3.1.1 R&D expenditures

R&D expenditures are by far the most widely used ST&I indicator for international
comparisons. This paper considered data regarding i) gross domestic expenditure
on R&D (GERD) not financed by business enterprises (government, higher educa-
tion, private non-profit, rest of the world and non-specified sources) of country 1
in year t (GERD-n-BE, ) and ii) GERD financed by business enterprises of country i
inyeart (GERD—BEit).VThese data are produced at the country level usually on the
basis of the OECD standards such as the Frascati Manual (OECD, 2002) and the
Oslo Manual (OECD, 2005). The main international institutions that collect and
standardize these data are indicated below:

* United Nations Educational, Scientific and Cultural Organization (UNESCO)
Institute for Statistics (UIS);!

e Eurostat;? and
* OECD Main Science and Technology Indicators (MSTI) database.?

We used UIS because it is not limited to the OECD or to the European Union
countries. The data are available in a number of ways (local currency or USD, cur-
rent or constant prices and as a percentage of GDP, for example). To enable inter-
national comparisons to be made and because the last available year is not always
the same for all countries, GERD was expressed in USD PPP in constant prices (in
the case of the UIS, the reference year is 2005).

GERD is segmented according to the source of funding as follows: i) financed by
government; ii) financed by higher education; iii) financed by private non-profit; iv)
financed by rest of the world; v) financed by a non-specified source; and vi) financed
by business enterprise. The same segmentation is also available for performed
GERD (for example, when the expenditures are financed by the government, but
performed by business enterprises). In this paper, we simply considered GERD-
n-BE and GERD-BE as proxies for ‘paper-oriented’ and ‘patent-oriented’ efforts.
In other words, we assumed the expenditures mainly financed by the government
(GERD-n-BE) focus on academic production, whereas expenditures financed by
business enterprises (GERD-BE) focus on technological production.

1 http:/data.uis.unesco.org.
2 https:/ec.europa.eu/eurostat/data/database.

3 http:/data.uis.unesco.org/.
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3.1.2 Number of researchers

Another measure of R&D efforts used in this paper is the full-time equivalent (FTE)
number of researchers. These data are available at the country level in UIS. Again,
we used the total FTE of R&D personnel not employed by business enterprises
(government, higher education, private non-profit and non-specified sectors) of
country i in year t (RDP-n-BE, ) and the total FTE of R&D personnel employed by
business enterprises of countfy iinyear t (RDP-BE, ). The idea is again to split the
efforts into two groups, the first related to academic production and the other to
technological production.

3.2 R&D outputs

R&D outputs were measured in terms of i) scientific and technical publications;
and ii) patent applications.

3.2.1 Scientific and technical publications

Data regarding scientific and technical production were extracted from the
SCImago Journal & Country Rank website, which is “a publicly available portal
that includes the journals and country scientific indicators developed from the
information contained in the Scopus® database (Elsevier B.V.)"* In particular, we
considered the number of citable documents (exclusively articles, reviews and
conference papers) of country i in year t, (CD, ).

3.2.2 Patent applications

Data regarding patent applications were extracted from the World Intellectual
Property Organization (WIPO)-administered Patent Cooperation Treaty (PCT)
applications originating in country i in year t, (PA,,).” The PCT system seeks patent
protection for an invention simultaneously in a number of countries by filing a single
international patent application, and the origin of PCT applications is defined by
the residence of the first-named applicant.

Of course, several caveats must be considered when dealing with these data
as a proxy for technological output. As shown is section 2, patents are a measure
of invention, but not necessarily of innovation. Besides, high-tech industries tend
to patent more than low-tech industries; as a result, the productive structure in
each country influences the number of patents. In spite of limitations like those,
several papers (including many of the ones mentioned in section 2) use the number
of patent applications or patent concessions as a proxy for the technological per-
formance of countries and firms.

As for the choice of PCT applications (and not other sources or concessions
instead of applications), we decided to work with a more widespread measure for

4 https:/www.scimagojr.com/aboutus.php.

5 http:/www.wipo.int/ipstats/.
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international comparisons. Furthermore, as the number of applications is higher
than the number of concessions, to avoid very small numbers (which could hinder
international comparisons of backward countries), we opted for applications
instead.

3.3 Efficiency indicators

As shown in the box below, the indicators described in sections 3.1 and 3.2 are
combined in such a way that i) efforts not financed or employed by business enter-
prises are associated with citable documents (generating the ‘scientific efficiency’
indicators); whereas ii) efforts financed or employed by business enterprises are
associated with patent applications (generating the ‘technological efficiency’
indicators).

Box 2: R&D efficiency indicators

R&D expenditures Number of researchers
Scientific efficiency of R&D R -
° .
< g expenditures (SEE_t): Scientific efficiency of R&D personnel (SEPM).
2% 5 '
E o = -N-
2E S SEE =CD  /GERD-n-BE SEP =P, /ROPNBE |
o ﬁ ) it it+d i3
g | 583
a
-
S
°
a
2| g
« o Technological efficiency of R&D Technological efficiency of R&D personnel
E expenditures (TEE ): (TEP ):
— it it
a
& TEE =PA /GERD-BE TEP =PA /RDP-BE
- it it+d i3 it it+d i3
c
7]
-
©
o

Source: elaborated by the author.

The definitions used in this paper are similar to the ones used by Thomas,
Sharma and Jain (2011), but instead of working with a general output measure (sci-
entific publications + patents) and a general measure of input (GERD), we consider
specific scientific and technical efficiencies. Aksnes et al. (2017) also use indicators
similar to the scientific efficiency of R&D expenditures, but do not use personnel
or patent data, as we did in this paper. As a result, the way the efficiency indica-
tors were defined in this paper is both consistent with the previous literature and
innovative. In line with the literature reviewed in section 2, we used an average
lag of three years between efforts and outputs, so that results refer to 2018 and
efforts refer to 2015.
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The four R&D efficiency indicators indicated in box 1 are self-explanatory on
the basis of the variables used to compute them. The scientific efficiency of R&D
expenditures (SEE, ) was measured as the number of citable documents in 2018
per USD million in expenditures not financed by the business enterprise sector
in 2015 and the scientific efficiency of R&D personnel (SEP, ) was measured as the
number of citable documents in 2018 per FTE researcher not employed by busi-
ness enterprises in 2015. As for the technological efficiency of R&D expenditures
(TEE, ), we considered the number of PCT applications in 2018 per USD billion in
expenditures financed by the business enterprise sector in 2015 and for the tech-
nological efficiency of R&D personnel (TEP, ) we considered the PCT applications
in 2018 per thousand R&D personnel employed by business enterprises in 2015.
In each case, we set the order of magnitude to obtain more easily comparable
absolute numbers.

Although the efficiency of R&D expenditures could be compared to a kind of
‘capital productivity, whereas the efficiency of R&D personnel would be more
like a kind of ‘labor productivity, such associations must be used with caution,
especially in the first case. In fact, as shown in section 2, R&D expenditures might
be significantly directed to researchers’ remuneration and not to research infra-
structure alone.

Of course, other indicators and sources such as OECD data on R&D expendi-
tures or domestic patents applications could have been used. In this paper, how-
ever, the criteria for source and indicator selection were aimed at: i) maximizing
the number of countries available in the data sources; and ii) focusing on the most
common indicators used for international comparisons (for example, in the case
of PCT applications). At any rate, other indicators or sources, although eventually
leading to different absolute numbers, do not significantly change the country
efficiency rankings presented in the remainder of this article.

4 - Results

The input data for the calculation of the R&D efficiency indicators calculated
according to the definitions presented in the previous section for the selected
countries are shown in table I:

As the table shows, GERD-n-BE (in practice, expenditures mainly financed by
the government) in 2015 ranges from USD 3.6 billion, in Argentina, to USD 116.2
billion, in the United States, whereas GERD-BE ranges from USD 1.0 billion to USD
296.8 billion in the same countries. These figures show that scales strongly vary
inside this relatively small sample of countries. Similar figures are observed for the
remaining variables in table 1. Of course, these variables are usually weighted by
GDP or population, for example, but at any rate there are minimum scales required
to leverage R&D efficiency.
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Table 1: input data for the calculation of the R&D efficiency indicators

GERD-n-BE GERD-BE Researchers- | Researchers- Citable PCT
2015 2015 n-BE 2015 BE 2015 documents | applications
(USD 1,000) | (USD 1,000) 2018 by filing
date, 2018

Brazil 19,722,452 | 16,496,119 | 141,704 50,486 74,195 615
China 79,269,949 | 262,294,263 | 604,414 1,014,614 569,227 53,357
Russian 9,820,402 | 14,252,374 | 240,576 208,604 95,359 1,034
Federation
India 31,031,320 | 15,436,477 | 208,148 74,846 152,110 2,007
South Africa 2,786,312 | 2,078,261 21,533 4,627 21,843 275
Mexico 5,843,163 | 1,335,327 24,175 10,107 22,515 273
Argentina 3,569,432 | 1,034,977 48,284 4722 13,185 4
United States | ¢ 189 654 | 296,846,583 | 388,457 981,000 570,104 56,260
of America
Canada 10,008,824 | 12,436,155 67,375 95,577 95,047 2,415
Australia 7,839,504 | 8,994,722 nd, 33,016 89,153 1,826
igf:ab"c of 15,668,512 | 54,053,452 72,311 284,136 79,646 16,918
Germany 27,844,379 | 60,983,900 | 157,159 230,823 158,437 19,740

Sources: UNESCo/UIS, SCImago Journal & Country Rank and WIPO. Elaborated by the author.

Following the literature mentioned in section 2, we considered a three-year
average lag between inputs and outputs. As a result, data regarding the citable
documents refer to 2018, whereas data regarding expenditures refer to 2015. The
scientific efficiency of R&D expenditures, for example, measures the number of
papers generated as a result of USD 1.0 million R&D investments mainly directed to
scientific research three years before. Of course, the lag assumed between efforts
and results varies from research to research and the choice here is somewhat
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arbitrary, albeit even a choice for no lag at all would be arbitrary. It was decided
to follow the literature and a kind of average expectation and set the lag at three
years. At any rate, other choices would not have strongly affected the main results
obtained in this paper.

Data shown in table 1 were used to calculate the R&D efficiency indicators
defined in box 2. Results are registered in table 2. As shown in the header, values
were sometimes expressed in USD millions, USD billions or 1,000 researchers, in

order to obtain more manipulable indicators.

Table 2: R&D efficiency indicators by selected countries

SEE SEP TEE TEP,
Citable documents | Citable documents | PCT applications | PCT applications
(2018) per (2018) per R&D (2018) per (2018) per
USD million in personnel USD billion in thousand R&D
expenditures not employed expenditures personnel
not financed by business financed by employed
by the business enterprises (2015) the business by business
enterprise sector enterprise sector | enterprises (2015)
(2015) (2015)

Brazil 3.76 0.52 37.28 12.18
China 7.18 0.94 203.42 52.59
Russian 9.71 0.40 72.55 4.96
Federation
India 4.90 0.73 130.02 26.82
South Africa 7.84 1.01 132.32 59.44
Mexico 3.85 0.93 204.44 27.01
Argentina 3.69 0.27 40.58 8.89
United States of 4.91 1.47 189.53 57.35
America
Canada 8.71 1.41 194.19 25.27
Australia 11.37 0.00 203.01 55.31
Republic of 5.08 1.10 312.99 59.54
Korea
Germany 5.69 1.01 323.69 85.52

Source: elaborated by the author.

As shown in table 2, Brazil produced 3.76 citable documents per USD million
in R&D expenditures mainly financed by the government (i.e., disregarding the
expenditures financed by the business enterprise sector). As a result, the scien-
tific efficiency of R&D expenditures in Brazil is about one third of that of Australia,
about 75% of that of the United States and 50% of that of China. Brazil is very close
to the other Latin-American countries (Mexico and Argentina). The relatively low
efficiency of the United States seems puzzling, even when compared with other
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non-English-speaking countries like Russia and China, especially taking into
account that several papers refer to a sort of ‘language bias’ of scientific publications
in favor of English-speaking countries. At any rate, the results indicate that the
scientific efficiency of R&D expenditures in Brazil is low. It might be associated, for
example, with a reduced R&D infrastructure (i.e., some sort of capital stock which
can increase scientific production even in the absence of large recent investments)
and with increasing returns on scale (i.e., countries that invest more in R&D tend
to present higher levels of efficiency). Those hypotheses, however, are not tested
in this brief analysis, as it deals only with a reduced sample of countries.

Data regarding the scientific efficiency of R&D personnel (also shown in table
2) basically indicate the number of citable documents produced by researchers
employed mainly by the government (it includes, for example, researchers at
universities and research centers, but excludes researchers working in business
enterprises). Again, Brazil ranks among the less efficient countries in the sample.
Although more efficient than Argentina and Russia, Brazil's scientific efficiency
of R&D personnel is about half of several other countries’ (including China and
Mexico) and a little more than one third of that of the United States and Canada.
Of course, efficiency (or ‘productivity’) is related not only to the R&D infrastruc-
ture, but also to the level of investments. Researchers working in modern labs
equipped with modern equipment obviously tend to publish more than research-
ers working in precarious conditions. Furthermore, the pulverization of resources
might contribute to lowering the scientific efficiency of Brazil's R&D personnel.
As shown by Cavalcante (2018, p. 381), “bureaucrats responsible for the allocation
of resources to financing innovation activities have more incentives to pulverize
the resources over a large number of small projects than to concentrate them in
a smaller, but more coherent number of projects” The loss of focus and the small
scale of the projects tend to reduce the efficiency. Although the present article
sets out to identify the problem and not its causes, the role of all these factors
must be investigated in order to tackle it.

Similar exercises have been conducted for the technological efficiency of R&D
expenditures and of R&D personnel. In both cases, as shown in table 2, the dis-
tance between Brazil and the leading countries is greater than in the case of sci-
entific efficiency. Regarding the technological efficiency of R&D expenditures, the
study considered the number of PCT applications in 2018 per USD billion in R&D
expenditures financed by the business enterprise sector in 2015. Basically, it was
assumed that R&D expenditures financed by the business enterprise sector are
more focused on innovations at the firm level. The technological efficiency of R&D
personnel corresponds to the number of PCT applications in 2018 per thousand
R&D personnel employed by business enterprises in 2015.

This study estimated that in Brazil there were approximately 37 patent appli-
cations per USD billion in R&D expenditures financed by the business enterprise
sector. This figure is about 12% of that of Germany or South Korea, the leading
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countries in the sample. Countries like Mexico, China, Australia and Canada pre-
sented technological efficiencies of R&D expenditures more than five times the
indicator estimated for Brazil.

As for the technological efficiency of R&D personnel, in Brazil every thousand
researchers employed by business enterprises in 2015 is associated with about 12
patents in 2018. Although more efficient than Argentina (9) and Russia (5), Brazil
lags behind the other countries in the sample. The technological efficiency of Bra-
zil's R&D personnel is about half of that of Mexico, India and Canada, a quarter of
that of several other countries and less than 15% of that of Germany. No country
in the sample presented a value below that of Brazil.

Of course, the reservations regarding patents mentioned above are also appli-
cable to the technological efficiency data reported in this section. Nevertheless,
the results reported in table 2 are not only consistent with previous analyses of
Brazil’'s poor patenting performance (see, for example, Albuquerque, 2001), but
also indicate that there is a long road ahead if the country wishes to improve the
technological efficiency of its R&D efforts.

Graph 1 highlights the particularly uncomfortable position of Brazil when the
four indicators are normalized (i.e., maximum values are set to 100%). It shows the
results for Brazil and five selected countries, but the inclusion of additional ones
does not change the overall results of the analysis.

As shown in the graph, only Argentina has an overall position comparable to that
of Brazil. Mexico presented much better results in both technological dimensions
as well as in the scientific efficiency of R&D personnel. China and the developed
countries performed much better than Brazil in all four dimensions.
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Graph 1: normalized R&D efficiency indicators, selected countries

TEPi,t SEPi,t

TEEi,t
e Brazil Argentina
China United States of America

MeXiCO emmm== Germany

Source: elaborated by the author.

So far, the analysis in this article has focused on cross-country comparisons
at a given moment. No time-series have been estimated for the countries in the
sample, but specifically in the case of Brazil, we used data available in the web page
of the Ministry of Science, Technology, and Innovation (MCTTI is the acronym in
Portuguese) in order to compute the scientific and the technological efficiency
of R&D expenditures over the last few years. The sources are not necessarily the
same as those used previously (for example, for patents, the data refer to USPTO
applications), but the results are reasonably comparable with the ones reported
in table 2. Again, we considered a three-year average lag between inputs and out-
puts. Graph 2 shows the normalized results (2003 =100.00) for the period between
2003 and 2019.
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Graph 2: scientific (SEE) and technological (TEE) efficiency of R&D
expenditures, Brazil, 2003-2019 (2003 = 100.00)
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Source: MCTI. Elaborated by the author.

The graph shows that between 2003 and the late 2010s, both the scientific and
the technological efficiencies in Brazil grew steadily, reaching values around 70%
higher, in the first case, and around 40% higher, in the second. However, from
2010 onwards, there has been no sign of increase. In the case of the scientific effi-
ciency, there seems to be a steady (yet slight) decrease, whereas in the case of the
technology efficiency no clear trend is observed. The erratic nature of the output
indicators in this case (patent applications) may suggest that future studies could
use some sort of moving average instead of single-year data in order to take this
problem into account. The basic idea is to smooth out the typical yearly oscillations
of patent applications. These figures indicate that the efficiency of R&D efforts in
Brazil are not only low when compared with other countries, but they also seem
to have stagnated over the last few years.

5 Conclusions

This paper has analyzed the aggregate efficiency of the Brazilian R&D efforts and
compared it with those of a number of selected countries. The main conclusion
is that besides investing less than other countries of reference in R&D, Brazil is
also less efficient in converting those investments into scientific publications and
patents. It was shown that Brazil produced less than four citable documents per
USD million in R&D expenditures mainly financed by the government. As a result,
the scientific efficiency of R&D expenditures in Brazil is about one third of that of
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Australia, for example. Regarding the scientific efficiency of R&D personnel, Brazil
also ranks among the less efficient countries in the sample. Brazil's performance
regarding the technological efficiency of both R&D expenditures and R&D per-
sonal is even worse than the scientific efficiency. An analysis of the evolution of
these indicators over the last years shows no sign of improvement: the efficiency
of R&D efforts in Brazil is not only low when compared with other countries, but
also seems to have stagnated over the last few years.

The analysis presented in this paper is innovative because the focus of the dis-
cussions is usually on increasing R&D expenditures, but very little is said about
increasing their efficiency. In that sense, this paper’s overview of Brazil's perfor-
mance introduces new elements into the debate. Naturally, however, there are
several possibilities for improving the analysis presented in this short article:
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The use of alternative measures of R&D input and outputs such as citations
instead of citable documents or alternative ways of crediting scientific or
technological production to countries based on scientometric criteria.
Given the correlation between those alternative measures and the ones used
in this paper, their use is not likely to lead to any changes in our general
conclusions, but it could lead to enhancing the robustness of the results.

The inclusion of new countries in the sample, especially to allow a more
detailed statistical analysis of the data.

The use of alternative lags between R&D inputs and R&D outputs, including
some sort of analysis of sensitivity associated to the somewhat arbitrary
choice of lags. The basic idea is to test whether the choice of different lags
would significantly affect the results.

The use of some way of smoothing very erratic data (for example, moving
averages in the case of PCT in Brazil), especially when using cross section
data for a given year.

The expansion of the time series so that the evolution of R&D efforts effi-
ciency could be better analyzed and panel regressions could be run.

Besides all these possible improvements, an immediate consequence of the
results reported in this paper is, of course, a need to analyze the reasons behind
the low R&D efficiency in Brazil. Several possible explanatory variables have been
suggested in this article and in the literature:

In both cases (i.e., in the scientific and in the technological ones) econo-
mies of scale tend to positively affect efficiency (similarly to the relation
low productivity / investments).

Future regressions may confirm that R&D intensity of a given country (for
example, R&D investments as a percentage of GDP) affects R&D efficiency,
although the impact of these economies of scale remains to be tested.

As for the scientific efficiency, the available research infrastructure (for
example, labs and equipment) may affect the number of published papers.

Some language bias in favor of English-speaking countries may be observed.

Patent applications are related to the sectoral structure (CHEN; YANG; HU,
2011). Countries with strong presence of high-tech industries tend to have
more patent applications than countries that rely on traditional ones. As a
result, the presence of high-tech industries in the local economy can con-
tribute to the technological efficiency of a given country.

The property rights protection patterns also may influence the number
of patent applications and, as a result, the technological efficiency of R&D
efforts.
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Testing these hypotheses may have several practical implications. For example,
if R&D intensity positively affects R&D efficiency, that would pose an additional
challenge to ST&I policy makers in most developing countries, because dispersion
of resources tends to reduce efficiency and therefore it needs to be reduced.

In spite of the long road ahead in regard to gaining a better understanding of
the poor aggregate efficiency of R&D efforts in Brazil, this paper leaves no room
for neglecting that aspect when discussing innovation policies in the country. The
debates should not only focus on increasing the volume of resources directed to
R&D activities, but also discuss a way of increasing their capacity to generate out-
puts at both the scientific and technological levels.
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