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I INTRODUCTION

The sludy 01'palenl slalislics is an importanl means 01'analyzing lhe innovativeness 01'a country's
economy. Palem dala have bcen used in sludies 01'innovation in developed economies, bul are rarely secn in
developing country sludies. This work uses daIa on invenlion palents 01'Brazilian finns or individuais, issued
by Brazil and by lhe Uniled Slales from 1990 lhrough 1995.10 analyze Braziliall innovation aClivily. The lwo
main sources 01'dala are palenl slalistics 01'lhe Brazilian Inslitulo Nacional de Propriedade Induslrial, INPI
(Nalional Inslilule 01'Induslrial Properly), and 01'lhe Uniled Stales Palenl and Trademark Office, USPTO.

This sludy analYZespalenl owners by lhree calegories: ownership structure:. manufacturing sector (for
firms); patenl classification code 01'lhe World Inlelleclual Property Organization (WIPO). It ranks palenl
owners by calegory, according lo their number 01'patents, and investigates lhe stability of lhese rankings over
lhe period. It also examines lhe relationship between R&D cxpenditures reported in lhe manufacluring census
survey 01'1985 and patenting activity in lhe period 1990-1995.

Among lhe results discussed in lhis paper are the following:

• The dala show a very high share 01'palenls granled to individuais in Brazil, compared lOfirms.
• The Brazilian INPI data for frrms show a differenl distribution by ownership structure lhan lhe USPTO dala.
• The statistical analysis shows a strong relationship between R&D expenditures and patenting activity across

manufacluring seClors, and supports lhe conclusion lhal palents are a good indicator 01'lhe inventive outpul
of lhe research units in lhose sectors.

11 PATENT STATISTICS: U.S. AND OTHER COUNTRIES

Among standard references on lhe role 01'palents as an indicalor 01'technological progress are Griliches
el ai. (1984), Pavitl (1988), and Griliches (1990). AIlhough lhe number of palents granted does nm reveallheir
Icchnological heterogeneity. mosl authors agree lhal palem slalislics comain information that is invaluablc lO
an understanding 01'technological change as an endogenous element in economic growlh. In lhe words 01'
Freeman (1994), patems are a "gold mine" for empirical research on innovation activities.

Sludies 01' innovation systems based on patem slatislics must take into account lhe following
considerations: a) patented innovations are only a subset 01'lhe 10lalnumber 01'innovations (see, for example,
Levin et aI, 1987; Pavitt, 1982); b) lhe eeonomic value 01'palems and their tcchnological relevance are
helerogeneous (Cohen and Levin, 1989; Griliches, 1990); e) lhe propensily lO palem varies widely across
industrial seClors (Levin el aI. 1987; Cohen and Levin, 1989); d) differences in nationallegislalion affeel
incenlives 10use lhe palem syslem (Ordover, 1991).

rnlemalional eomparisons 01'national palem slalislics have a more solid ground if based on shares ralher
lhan absolule numbers. An indiealor 01' lhe strenglh 01' nalional innovalion syslems which is frcquenlly
employed is lhe share 01'tOlal patents 01'a national patenl office which are granled to residents of that country.
Table I, compiled by lhe World Inte11cctuai Poperty Organization (WIPO), shows such shares for selccled
countries in 1991. Only lhe U.S. and Japan have more than 50% of lheir patents issued to residents.
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TAllLE I

Patent statistics, according to the status of the grantee
(1991)

Country Residents Non-Resid. Res.rrotal

United States 51,184 43,330 0.53

Japan 30,453 5,647 0.84

Germany,Fed. Rep. 16,756 26,434 0.39

France 9,221 26,360 0.26

United Kingdom 4,492 29,582 0.13

Switzerland 2,540 14,268 0.15

Sweden 1,713 15,054 0.10

Canada 1,109 14,364 0.07

Netherlands 926 16,684 0.05

Brazill 341 2,078 0.14

Italy 311 19,192 0.02

Source: WIPO (1993).

Comparisons ofnational palenting activily are also possible using data on Uniled Slates patents issued

to residents of foreign countries. Such numbers provide indicators of bolh lhe strenglh and degree 01' world
integration of national innovation systems. evaluated by lhe sarne U.S. patent law. The annual record 01' each
country's share of the total number 01' patents issued by the USPTO to non-U.S. residents shows lhe structural
technological changes undergone by lhe major industrial countries. In lhe last century (1883 -1993), Japan' s

share of lhese palents increased from 0.16% to 47.87%, lhe share granted to the Federal Republic of Germany

declined from 18.67% to 14.96%, and lhe share granted to lhe United Kingdom declined even more

dramatically, from 34.55% to 5.14% ..(1)

For the recent period 1990-1993, Table 11shows yearly figures on palents issued by lhe USPTO lo

residents of selected countries. There is no definite tendency for most countries over lhis período wilh lhe
exception 01' a consistently imprcssive performance for both lhe Republic of Korea and Taiwan. The groWtl1in
patenting for these countries. which slarted in lhe early eighties, proceeds through lhe nineties.

I Data fram USPTO.
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TABLE 11

Patents issued by the USPTO to residents of foreign countries
(1990-1993) (2)

Country 1990 1991 1992 1993

Argentina 15 17 21 30

Belgium 340 356 382 351

Brazil 38 61 55 58

Canada 2,061 2,184 2,311 2,198

China (Taiwan) 807 1,000 1,195 1,1453

Germany, Fed. Rep. 7,727 7,548 7,960 7,172

Hong Kong 134 209 169 174

India 18 28 23 21

Italy 1,460 1,379 1,455 1,452

Japan 20,170 21,464 26,481 22,942

Korea, Rep. of 236 413 543 789

Mexico 30 44 44 44

Netherlands 1,049 1,043 1,019 961

Sweden 840 843 747 743

Switzerland 1,342 1,384 1,369 1,1932

United Kingdom 2,947 2,976 2,856 2,463

Totais 45,201 46,978 49,969 47,927

Source: USPTO ( 1993).

2 Data include utility, designo plant and reissue applications.
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Another statistic for comparison of national innovation systems is the ratio of a country's USPTO-

granted patents to its nationally-issued patents. Table III shows these ratios for a number of countries in 1991.

TABLE III

USPTO Patents to Non-residents as Proportion of
National Patent Office Total

Country UsptolNat. Pat Office

Netherlands 1.33

Canada 1.32

United States 1.00

Sweden 0.73

Germany 0.68

Switzerland 0.64

Japan 0.59

United Kingdom 0.52

France 0.32

Mexico 0.22

Argentina 0.18

Brazil 0.17

Korea, Rep. 01' 0.15

India 0.06

Source: WIPO (1993). USPTO (1993)

The ratios provide no conclusive pattems on international integration, which wou1d require a c10ser look

at the distribution of the patents issued to their residents by both national patent offices and the USPTO. For

example, Holland and Canada, well-integrated in the world trade of goods and services, have ratios greater than
one, while Korea, also an active participant in world trade, has a ratio of only 0.15. On the other hand,
Argentina, BraziL India, Korea and Mexico have considerable differences in their innovation systems but ali
have ratios below 0.25. Korea has a ratio of 0.15, very dose to Brazil's 0.17, but a very different levei of
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patenting activity. wilh seven times as many USPTO-issued patents (1991), and much greater efficiency in
generating output from its R&D outlays. For exan1ple,Korea issued 2,553 to residents in 1989 and had an R&D
outlayofUS$1.53 billion. while Brazil issued 341 resident patents and had US$ 2.7 billion in R&D expenses
(1990 data).

IH BRAZILIAN PATENTING ACTIVITY

This work analyzes patenting activity in Brazil by examining data on invention patents issued to
Brazilian individuals and firms by lhe Brazilian INPI and by lhe USPTO in lhe period 1990-1995. Patent
grantees are analyzed in lhe four sections below according to ownership structure. leading tirms in patenting
activity, WIPO patent classifucation code, and manufacturing sector (major census group).

IH-A) Ownership Structure

For purposes of analysis of ownership structure, patent grantees are divided into six groups: Individuals
(IND), Domestic private capital owncrship (DOM), Foreign capital ownership (FOR), State- owned Brazilian
enterprise (STA). Research institute or university (RES), Govemrnental agency (GOV). Table IV presents lhe
shares ofpatents issued to each group in lhe period 1990-1995, bolh by lhe INPI and lhe USPTO.

TABLEIV
Average annual shares of patents issued to BraziUan residents,

by the INPI and by the USPTO, by ownership structure
(1990-1995)

Ownership Structure

INPI:

Average
(%)

Standard-Deviation
(%)

Coeficient of Variability
(%)

DOM 36.84 1.23 3.300
IND 30.44 2.47 8.100
FOR 15.30 1.23 8.000
STA 12.46 2.07 16.600
RES 3.80 1.42 37.400
GOV 1.01 1.12 110.900
USPTO:

DOM 39.87 7.51 19.300
IND 30.60 6.43 21.000
STA 21.24 6.29 29.600
FOR 7.96 5.48 68.800

Source: INPI. USPTO
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Figures fram lhe INPI for 1990-1995 show a more stable pattcrn lhan lhose of lhe USPTO. as indicatcd

by the smaller coefficient oI' variability. The graups with lhe biggest shares in lhe two patent oftices are

IndividuaIs and Domestic private capital ownership: the numbers are 36.84% (IND) and 30.44% (DOM) fram

lhe INPI recordoand 39.87% (DOM) and 30.60% (IND) fram the USPTO recordoThe INPI data show the ncxt

graups as Foreign capital ownership (FOR) with 15.30% and State-owned enterprises (STA) wilh 12.460/c .
whereas lhe USPTO data pince the graup STA wilh 21.24%. ahead oflhe group FOR wilh 7.960/0.

The high share for Individuals is considered by the literature to be a characteristic of less developed

countries.f3l Possible explanations for this outcome are: lhe praximity oI' individuais' design patents to utility

models. which causes lhe overestimation of the actual number of lhe fomler in the patent office record: and/or

the existence of a fuzzy borderline between public and private goods in Brazil. which makes it relatively easy

for individual researchers in publiciy- funded research centers to claim ownership of invention patents that

should be ascribed to their institutions.(41

Adaptive ralher than substanti ve innovalions seem to be lhe norm in lhe patents of lhe graup Foreign

capital ownership (FOR) in Brazil andoaccordingly. their share in lhe INPI record is nearly double that shown

in USPTO tally. Examples 01' firms of the graup FOR which have patents issued by the USPTO to their

branches in Brazi! are Mercedes-Benz. Alcoa. and Rhodia (subsidiary oI'Rhone Poulenc). On lhe olher hand.

lhe firms Robert Bosch fram Germany and Johnson & Johnson fram lhe U.S. had innovalions developed by

lheir branches in Brazil and applied for patem rights first to lhe INPI and then to lhe USPTO. where those rights

were granted to lheir respective headquarters.

State-owned emerprises (STA) have a USPTO share almost twice as large as lhe one recorded in the

INPI. This outcome is due to the perfomance oflhe state owned oi! company Petrobras. which is one of the two

companies fram Brazil wilh yearly patenting activity in lhe USPTO. Petrobras has been actively engaged in

research related to offshore drilling in deep waters and the corresponding inventive output has been recorded

in lhe patent offices ofboth Brazi! and the U.S.

I11-B) Leading Firms in Patenting Activity

Table V presents lhe Icading Brazilian firms in lhe records oI' bolh INPI and USPTO. Ten firms have

average INPI patents greater than 2.5 per year. Five firms average more than 0.5 USPTO patents per year.

3 Penrose (1973).

4 The INPI rccords some inventioll patellt~. ascribed lo individual researchers of publicly funded rcsearch centers. whose complexily
means that they have zero probability of being lhe output of household innovation activities.
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TABLE V

Average annual shares of leading firms and institutions in patenting activities.
by the INPI and by the USPTO

(1990-1995)

Firm ar Standard- Coeficient 01' Average

Institution Average Deviation Variability Firm /Aver. Total
(%) (%)

INPI:

Petrobrás 23.67 17.14 72.4 6.51

Usiminas 8.83 2.32 26.3 2.43

Embraco 7.50 7.94 105.9 2.06

Cosipa 5.17 3.43 66.3 1.42

C.S.N. 4.83 2.93 60.7 1.33

Rhodia 4.67 3.23 70.0 1.29

LP.T. 3.67 3.14 85.6 1.01

Telebrás 3.17 2.32 73.2 0.87

Souza Cruz 3.17 2.56 80.8 0.87

Vale Rio Doce 2.67 2.16 80.9 0.73

USPTO:

Petrobrás 8.17 2.14 26.2 18.83

Embraco 5.00 4.43 88.6 11.54

Metal Leve 2.83 1.83 64.6 6.53

Metagal 1.00 1.26 126.0 2.31

Romi 0.67 1.21 180.6 1.55

Source: INPI. USPTO.

Regarding lhe regularity of patenting activity, only six fimls or institutions have ai least one patent

every ycar issued by the INPI: Petrobrás (state-owned; oil company), Usiminas (state-owned until 1992,

domestic private capital after lhat; steel), Cosipa (domestic private capital, formerly state-owned; steel), Rhodia

(foreign capital, Rhone Poulenc: chemical), Oxigênio do Brasil (domeslic private capital: chemical), Embrapa
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(govemlental agency: agricultural research center).(SlTwo fimls have alleasl one patem issued by the USPTO

every year. Petrobrás and Metal Leve (domeslic capital: aulOparlS). Petrobrás leads the palenling activily both

in LheINPI and in LheUSPTO./61

Petrobrás, Embraco. and Metal Leve(7)ali have less variabilily in LheirUSPTO palenl figures. Metal

Leve, which has production units in North America. also has highcr patenting activily in LheUSPTO lhan In

the INPI. It should bc nOlcd thal Telcbrás (stale-owned: telecommunications) palenting activity is nol fully

represenled in Lhelable. given its status as holding company for locai-levei telecommunications companies. If

Telebrás figures are added to Lhoseof Telemig (State of Minas Gerais telecommunicalions company), Telerj

(Stale of Rio de Janeiro). Telepar (Stale of Parana). and Telesp (Stale of Sao Paulo). Lhegroup has a yearly

average of 5.33 palents issued by LheINPI (standard devialion 01'3.67), which places il in fourLhposilion.

III-C) WIPO Patent Classification Code

The highesllevel of aggregation of LheWIPO patenl classification code has eight sections:A) Human

NeeessiLies:B) Perfomoog Operations. Transporting: C) Chemistry. Metallurgy; D) Textiles. Papec E) Fixed

Construction; F) Mechanical Engineering. Lighling. Heating, Weapons. Blasling; G) Physics: H) Electricity.

This work uses Lhesecond-highest aggregation scheme. which has twenly-one subsections. Nineleen subsections

in LheINPI data show palenling activily every year. and nine subsections in LheUSPTO tally. The average yearly

palems of Lhese subseclions have smaller coefficienlS of variabilily in lhe INPI record Lhan in lhe USPTO

sludies.
Table VI ranks Lhesubseclions which have average yearly palent shares grealer Lhan5% 01'LhelOlal

palenling aClivilyin boLhLheINPI and LheUSPTO. None of Lhesubseclions under Seclion (D) Texliles-Paper

have palenl shares grealer Lhan5%. Subsection (FI) Engines or Pumps. which leads LheUSPTO slalistics rank.

has a yearly average participation in LheINPI records 01' only 4% (standard deviation of 1.12%) and Lherefore

is not included in Table VI. Subsection (G I) Instruments. which ranks fourth in the INPI statistics. is in twelfth

place in LheUSPTO records. The INPI and USPTO statistics also differ in regard lOLheleading subsections of

Section (A) Human Necessities. Agricullure (AI) leads in LheINPI ranking whereas Health and Amusement

(A4) leads in LheUSPTO ranking.

5 Embrapa has an average yearly number af patcnts lcss than 2.5 and it is nat included in Table V.

6 In spite af its good performance in tcrms of Brazilian finns. Petrobrás is not arnong the 20 fmns in the world which do the most
patenting activity in its sectar. Thase 20 ftrrns are ali fram Europe. Japan. and the U.S. (See Pavel and Pavitl 1994)

7 Metal Leve has a caefficient af vruiability af 112.9% in lhe INPI record in cantrast to 64.6% af lhe USPTO statistics.
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TAnLE VI:

Average annual shares of patent'i issued to resident'i of Brazil,
by the INPI and by the USPTO, by sub.sections of the International Patent

Cla'isification (WIPO) (1990.1995)

Sub-SeClion

INPI:

Averagc
(%)

Slandard- Dcviation
(%)

Coeficienl of VariabililY
(%)

Transporting 13.14 1.41 10.8

Electricily 10.12 1.92 18.9

Chemistry 9.00 3.02 33.6

1nstnnnents 8.69 2.41 27.7

Engincering in general 8.63 1.11 12.9

Shaping 8.52 1.71 20.0

Agriculture 5.14 1.56 29.4

USPTO:

Engines or pumps 15.02 13.67 91.0

Transporting 8.52 1.68 19.7

Shaping 8.40 5.75 68.5

Engineering in general 7.97 3.06 38.4

Elcctricily 7.62 1.80 22.8

Chcmislry 6.82 4.81 70.5

Heallh and amuscment 6.68 3.04 45.5

I3uilding 6.01 2.31 38.3

Separating; Mixing 5.96 5.80 97.4

Earth drilling; Mining 5.32 3.49 65.5

InstrumenlS 5.09 3.42 67.2

Sourcc: INPI. USPTO.
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The benchmark character of the WIPO patent classification code can be used as a basis for interesting
comparative studies of innovation. One such possibility is to examine how much the distribution of patents
across WIPO sections (or subsections) is different in the national patent statistics than in the USPTO statistics
for non-residents. The way these distributions differ across countries conveys information that could be funher
applied to evaluate national innovation systems.

III-D) Brazilian Census of Manufacturing Major Groups

Table VII shows the yearly average participation (in percentage terms) of the Brazilian Census
Manufacturing Major Groups with a higher than 15% share of the total patenting activity in the INPI and in the
USPTO. Patents analyzed in this section are a subset of total patents because figures of individuals.
governmental agencies and rcsearch institutes are excluded. For the twenty-two major groups, eight had
patenting activity every year (1990-1995) in the INPI statistics and only two in the USPTO recordo

Chemicals. Electronic-and-Other-Electric-Equipment. and Industrial-and-Commercial-Machinery meet
lhe 15% share criterion in both patent offices but Metallurgy does not show up in the USPTO data. In tems 01'

variability, Chemical is the exception to the rule that participations recorded in the INPI are less variable than
those in the USPTO.

TABLE VII

Average annual shares of patents issued to Brazilian residents,
by the INPI and by the USPTO, by Major Industrial Groups (IBGE)

(1990-1995)

Major Group

INPI:

Average
(%)

Standard-Deviation
(0/0)

Coeficientor Variability
(0/0)

Chemicals 20.20 5.76 28.5

Metallurgy 18.86 3.05 16.2

Eletrical equipment 18.82 3.88 20.6

Industrial machinery 17.03 1.71 10.0

USPTO:

Chemicals 31.54 7.78 24.7

Electrical equipment 26.13 14.73 56.4

Industrial machinery 15.74 9.22 25.6

Source: INPI. USPTO.
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Table VIII presents lhe 1985 R&D expenditures of lhe manufacturing major groups, and lhe total
number of patents issued to lhem by lhe INPI fram 1990 through 1995. R&D expenditures are expressed in
CR$ millions and are derived from lhe 1985 Brazilian Manufacturing Census. Patents granted in lhe period
1990-1995 had lheir applications filed on average in 1985-1989 making lhem good candidates to be, at least
partially, lhe output of R&D expenditures in 1985.

TABLE VIII

R&D expenditures (Cr$ millions, 1985), and patents issued to residents of Brazil
by the INPI (1990-1995), by Major Industrial Groups

Major Group R&D Expcnditure Patents
(Cr$ núlIions, 1985) (1990-95)

Metal núning 251,000 20

Manufacturing of nonrnetalIic núnera!s 35,000 10

MetalIurgy 270,000 247

Industrial and cornmercial rnachinery 79,000 220

Electrical and other electronical equiprnents 330,000 250

Transportation equiprnent 288,000 35

Lurnber and wood products 14,000 8

Furniture 1,000 2

Paper and alIied products 9,000 10

Rubber 1,000 8

Leather O O
Chenúca!s 467,000 262

Pharrnaceutical prodllcts 23,000 4

Soap, detergents and c!eaning products 7,000 I

Plastic products 3,000 36

Textile products O 4

Appare! and footwear 7,000 9

Food prodllcts 37,000 17

Beverages 3,000 O
Tobacco products 14,000 22

Printing and pllblishing 1,000 3

MiscelIaneous rnallllfacturing illdustries 22,000 133

Source: lBGE. INPI.
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Chemicals and Electroníc-311d-Olher-Electric-Equipment r311kfirst in bolh R&D expenditures émd
patenting activity: below lhal r311k.lhe ordering is unique 10 each set 01' data. There are some differenees in
terms 01' output per unil of input which e311be attributable to lhe teehnologicaI heterogeneity. For example, lhe
group MetaIlurgy spent almost lhe same 31110unton R&D as the group General Mining (CR$ 270 millions 311d

CR$ 251 millions, respectively) but had nearly twelve times as many patents granted.

IV STATISTICAL ANALSYIS OF PATENTING ACTIVITY AND R&D

The statisticaI analysis below uses lhe st311darddouble-Iog specification 01' a linear relationship between
patenting activity 311dR&D expenditures. (Griliches 311dPakes, 1980) From lhe 22 major m311ufacturing
groups, three had zero observalions in eilher R&D ar patenting aetivity 311dare dropped from lhe sample lO
allow for the log-tr311sformation.lsl The Miscellanous-M311ufacturing-Idustries group is also dropped from lhe
sample because it included palents from olher groups (e.g. Eleclric-Services 311dTelecommunications) which
were not included in lhe Brazilian 1985 M311ufacturingCensus, lhe source of lhe R&D data.

The log patents regression shows a strong relationship between R&D expenditures and palenting
activity (numbers in brackets are standard errors):

Log-Patenls = -2.81 + 0.58 (Log R&D)
[1.32] [0.13]

(R2 = 0.55: n = 18: me311ofLog-Patents = 2.90)<9)

The cross-manufacturing group elasticity 01' patenting activity wilh respect to R&D expenditures is
0.58. In particular. lhe estimaled elasticity is compatible wilh figures reported in lhe literature. For example,
Bound eLaI. (1984) mention an elasticity 01'0.59 from a cross-sectional 311aIysisof a sample 01' firms wilh non-
zero patents and R&D. The regression fit seems also good enough to support lhe hypolhesis lhat patenting
activity is a good indicator 01' the inventive output 01' the research units 01' lhe major manufacturing groups.

V CONCLUSION

The analysis presented here shows lhat lhe patenting activity in Brazil has an unusually high share of
patents granted to individuals. This frnding is consistent wilh lhe prevailing hypolhesis in lhe literature lhat such
a pattem is characteristic 01' less developed countries.

8 Aeeording to Hausman eLa!. (1984). this is one of the possible "so!utions"to the zero observations problem.

9 White' s heterasceda~ticity test daes not reject the hypothesis af hamascedasticity for the regressian above: the chi-squared statistic
is 1.36. less than the 95 percent critica! value af 3.84 (one degree af freedam).
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The comparison 01'leading palenling Brazilian resident finns in lhe INPI and in lhe USPTO shows a
change in lheir distribution which supports lhe hypotl1esis lhat lhe USPTO grantees have higher technological
capabilities. These di1'ferentpatterns at lhe linnlevcl underly lhe changes in lhe distribution of shares according
to lhe criteria 01'the WIPO patent classitication code and by major manu1'acturing groups.

The statistical analysis suggesls a slrong relationship between R&D expenditures and patenting activity

across major manufacturing groups. which is also consistent wilh lhe outcomes of olher studies reported in the
literature.

The universality 01'lhe WIPO code makes it possible to examine how lhe distribution of patents across

classitications differs in the national patent oftice data 1'romlhe corresponding non-resident data in the USPTO
statistics.

This work supports lhe rclevance of patent data in analyzing the innovativeness of lhe Brazilian
economy. Similar analysis of patent data for other Latin American countries could provide lhe basis for
interesting comparative studies 01' innovation. The analysis could be further applied to evaluale national
innovation systems.
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