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Inte:national Invention: Implications for Techmology Market Analysis

Robert E. Evenson
Yale University
This paper examines international data on patented inventions, R&D
'expenditures and scientists and'engineers engaged in inventive activity.
It reaches two principal conclusions which have some bearing on the modeling
- of firm behavior and possibly on policy actions which might be taken toward the
stimulation of inyention; The first conclusion is that the data show comparative
advantage patterrs in invention similar to patterns observed.in‘proaucts. The
_prodﬁctioh of picneering invention is concentratgd in certain firms located in
countries with the best‘economic laboratcries for invention. Large pérts of
industry in mbst countries import invéﬁtions‘and concentrate on adaptive inven-—
tion ratner than investing heavily in R & D. The second conclusionvis that the
data show that irventions per scientist and engineer |
have declined from the late 1960's to the late 1970's in almost all of

3 ———-

the 50 countries for which data are avalléble.

These conclusions are based on data on patented irventions from many
countries. To defend them one must argue not only that patented inventions are
a reasonable pro:y for inventions in general but that there is a reasonable
degree of internstional comparability to this proxy relationship. Further,

to support the second conclusion one must also argue that no major changes
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in the proxy relationship have taken place over the past ten to fifﬁeen
years. .

The defense of the conclusions is tﬁreefoid. Fifst, because of inter—

national conventions regarding patenting and the requirements for patent-

"ability and the high'&eéree'of'in;etnational.patentiﬂg, i.e., patents granted

to foreigners, a general standardized legalvbasis fof patenting-exie;s. This

is further standardized by the widespread adoption of the International Patent

_Classification system. Second patent data show regular patterns and consistency.

Patentlng is highly correlated w1th R & D spending in the U.S. and other countries

where reasonably good data ex1st. Most patents granted are subsequently cited

--as "next best art" in the U.S. and other countries with citation.requirement.s.1

Patent infringement cases are important enough in most coun-

tries to indicate that they are not trivial or irrelevant. Fiﬁally, there is

little evidence that standards of patentability have changed drastically in

_ recent years in most major centers of invention. Nor is there evidence to suggest

"that firms in almost all industries in almost every.country'of the world have

changed their policy toward obtaining patents to a degree sufficient to explain
the data.v -
Part I of the paper presente a descriptive summary of patent data and

discusses different types of patent systems and,staﬁdards for patentability.

. Part II is _ organized to show the trace patterns of the data. Part

—-—

JIIX provides data supporting the conclusion that inventions per scientist and

engineer’ ' - ' ..~have declined and argues the case for
interpreting this phenomenon as due to exhausticn of "invention potenoial".
Part IV discusses £mplications for technology market analysis.

I. .Inoernational Invention: A Descriptive Summa;y'

To interpret data on patenting it is useful first to summarize

the options open to a firm to alte:r the technology it uses.




1. It can éngage in fundamen£aler-basic résearch with the objecfive
of obtaiﬁing findings which will improve the efficiency of its more applied
reseérch. |

2. It can engage in applied research designed to invent a mew product
Or process and.bring it to the development stage.

3. 1t cén engagé.iﬁ the testiné; pilét'prsdqétioﬁ and piéﬁi design work
required to bring inventions developed by its own applied research into use.

4. It can purcﬁase inventions (or inAthe case of unprotécﬁed inventioﬁé,
imitate them) and engage.in strictly adaptive research and devélopmeﬁt bring-
ing them into uce. . |

5. It can purchase semi; or fully-developéd inventions "gmﬁodied"'in
machines, chemicals or "turn-key" plants. In thié.casg it engages only in
minor modifications of other inventions.

of ihese:activities, (1) produces few patentable inventions; 2)
produces most conventiqnal or invention patents; (3) produces a number of
invention patents (especially of process inventions) and a number of "petty"
patents (utility models); (4)-produces most pettf patents and {5) generally
does not producr: patented inventions.

legal systemsland industrial organization policy in'different countries
influence the types of inventivé activities undertaken by firms and the
patentgbility of'inventionsf Soﬁe count:ies pursue policies which encourage
. the holding of ipventions in trade secrecy. Vhen industriai organization
structures effectively discouragg competition in an 1pdqst:y, firms may have

little incentive to sell new technology in direct form and will attempt to

capture rents through the sale of new technology embodied in products. This
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tendency 1is :einforced by trade secrecy laws which provide penalties for
the pirating of trade secrets.

The traditional "invention patent" is designed to provide aﬁ alternative
form of protection by granting the inventor legal means by which to prevent
others from copying or using the invention without permission for a limited
vpefiod of time (usuélly lSAyears).' Inventioﬁ patent documents are required
to provide an "enabling discloéure" which sufficiently describes the invention
80 as to enable one skilled in the technology field to replicate or make tﬁe
1nﬁention.z A o '

Three fundamental requiremenfs must be met by an invention to qualify

for the standard invention patent:

1) The invention must be "novel"

2) The inv;;tion must be "useful“

3) The invention must éxhibit an "inventive step" i.e., it must ﬁe
uﬁobvious to practitioners skilled in the tgchnology field.

These requirements are important to an understanding of international -
patent data when considered in conjunction with international patent '"con-
-éntiens"; chiefly the Paris Convention. Membership .in these conyentions‘
geﬁerélly requiresl) that the three requirements for paténtability be judged'
by international standards and 2) that member countries grant patent pro- |
tection to inventors from other countries provided these standards are met.

An important altermative to the invention patent, usually termed a "petty"

patent or utility model is used in some countries. Petty patents generally

have a very weak inventive step requirement and in practical terms do not
always require novelﬁy against the world's inventions but onl& against natinnal

or regional inventions. In addition design patents which do not require

inventive steps and have relatively weak usefulness requirements are granted
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by most countries. Trademarks which require only novelty are likewise
granted by most countries. In addition a number of countries also grant

plant patents primarily for asexually reproduced plants.

Table 1 provides data for some 50 countries on numbers of invention
patents granted for 4 periods: 1967, 1971; 1976, and 1980. The countries have
beeﬁ grouéed in 6 classes: 15 industrialized markét economies with

high growth rates over the past 26 years; 2) industrialized

market_economias with moderate slow growth rates; 3) semi-industrialized countries
with high growth rates; 4) semi-industrialized countries with slow to
moderate growth rates; 5) middle-to-low income developing countries and
6) industrialized planned economies.4. ' | o

Reference to the table will reveai a few anomalies, particularly for
the developing countries where soﬁe data are m;ésing. A later table
provides a summary by type‘of economy and a nuuber of generalizations are
best drawn At that level. In discussing_this znd the next seve;al tables
atteﬁtion will te given to individual counﬁry data. Table 1 shows that
the relative rarking of patenting by national :nventors has changed appre- .
ciably over the period. VThe United Sfates was the clear.leader in 1967
- 'with more than twice as many patents granted as the USSR in second place.

France, Japan and the U.K. followed in third, fourth and fifth place. By

1986 both the USSR and Japan had surpassed the U.S.

| West
Germany had moved into fourth place with both Irance and the U.K. experienc-
ing substantial declines in patents granted to nationals.

Patents granted to nationals in the U.S. were only 72 percent of the




Selected Years

-

Patents CGranted to Nationals
in Foreign Countries

1980

8,074
4,745
19,622
1,453
10,362
5,081
1,843
2,907

22,392
6,140
1,407
4,486
3,604

24,675
7,805

18,646
1,467
1,122

7,739
1,419

942

548
2,200
3,494
1.161

514
408
2,843
1,831
424
236

103

24
330

317
808
755
97
2,000

545

1,3n1
1,854
7,852
1,018
1,962
102
355
814

Table 1: Iavention Patents Granted by Country:
Patents Graanted to Nationals Patents Granted to Forcigners
1967 1971 1976 1980 1967 1971 1976
I. Industrialized Market Economies
A. Rapid Growth :
Japan 13,877 24,795 32,465 38,032 6,896 11,652 7,582
Austria 1,188 1,230 1,177 1,227 6,896 7,460 5,235
France 15,246 13,696 8,420 8,433 31,749 37,760 21,334
Denmark 338 252 208 192 2,002 2,212 2,068
Germany 5,126 8,295 10,395 9,826 8,300 9,854 10,570°
Belgium 1,586 1,345 1,034 837 15,041 15,004 12,110
Norway 225 386 210 276 1,831 2,343 1,883
Nethesla_l,nds 322 318 370 417 1,913 2,396 3,219
B.Né‘f;w.‘(:roowth :
Canada 1,263 1,587 1,301 1,503 24,573 27,655 20,449
Italy 9,076 4,320 - 1,810 26,180 13,180 -
Ireland 28 16 27 24 635 788 1,055
Switzerland 5,388 4,165 3,482 1,475 16,462 11,914 8,818
Sweden 1,776 2,245 1,888 1,394 7,532 7,748 6,956
U.S.A. 51,274 55,988 44,162 37,152 14,378 22,328 26.074
Australia 752 979 910 620 10,371 9,662 10,074
U.K. 9,807 10,376 8,855 5,158 28,983 31,178 30,942
Finland 231 350 291 43y 739 1,312 921
New Zealand - - 211 137 - - 1,314
11. Semi-Industrialized Market Eccnomies
A. Rapid Growth )
"Spain 2,758 2,042 2,000 1,485 6,827 171,76¢ 7,500
Israel 178 202 200 305 935 1,22: 1,200
* Greece 975 1,227 1,343 1,114 2,302 698 ,285
Singapore 5 2 - 1 26 334 -
Portugal 84 214 46 95 1,045 3,238 1,319
Brazil 262 429 450 349 684 1,543 1,500
Korea (5) 207 200 1,593 258 . 152 17 1,727
B. Moderate to Slow Growth
Chile 80 58 60 60 1,237 1,11c 514
Venezuela 41 237 50 55 954 1,59¢ 514
Argentina 1,244 1,346 1,300 1,264 4,488 3,487 2,800
Mexico 1,981 412 300 174 7,922 5,199 3,000
Turkey 30 52 35 34 438. 357 588
Uruguay 165 88 46 41 . 351 161 110
III. Developing Economies
Ecuador 5 8 7 7 126 18) 103
Iraq 22 5 12 14 146 67 150
Morrocco 28 24 23 21 391 313 334
U.A.R, 48 13 16 10 873 236 511
Columbia 49 62 30 36 851 651 600
Philippines 16 46 108 82 498 94¢ 767
Kenya 0 1 5 - 104 121 98
India 428 661 433  spo 3,343 3,256 2,062
Sri Lanka 1 10 4 5 &4 148 156
0.A.P.I. 1 15 3 26 573 454 545
IV, Planned Economies '
Cermany E. 11,520 8,295 3,755 4,455 8,351 9,354 2,735
Czechoslovakia 3,613 2,824 4,880 6,763 787 1,276 2,220
U.S.S.R. 24,008 33,534 40,259 92,897 662 2,098 1,883
Hungary 414 559 594 760 663 1,054 1,155
Poland 1,564 2,331 5,619 5,736 485 545 2,380
Bulgaria 423 674 750 1,271 90 240 393
Yugoslavia 173 143 58 58 650 706 355
Romania 2,955 1,075 1,123 1,194 1,283 1,24¢ 572
Source: Iadustrial Property St.a'usucs

World Intellectual Property Organization, Geneva

1967 1971 1976
6,843 15,832 20,246
1,913 2,399 1,065
14,393 17,150 12,677
1,165 1,650 1,217
41,775 44,862 37,316
2,701 2,894 1,905
618 658 617
7,283 8,745 5,901
2,789 3,201 2,661
5,621 6,749 5,416
113 151 146
12,452 15,409 10,954
5,031 6,327 5,719
73,960 87,589 90,273
905 986 1,065
17,579 21,179 14,072
345 559 650
135 1,420 91
627 933 766
219 231 146
-61 70 81
- - 5.
53 57 50
63 85 88
20 20 50
81 152 102
149 143 i81
72 70 73
976 2,240 1,652
1,718 1,735 927
1,379 2,973 3,309
596 1,020 1,116
447 538 347
78 164 167
95 90 87
224 3 106

1980

20,663
1,669
12,511
1,103
33,708
1,720
549
5,964

2,200
5,877
106
9,827
4,769
54,360
2,690
11,140
928
235

i
1,180
316
691
5
50
113
S0

133
171

[ 2 I SN B |

s7

992
515
2,601
1,294
629
242
11v
103
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1967 level in 1980 (only 60 percent in l979).v For all other industrialized
market economies patents granted to nationals actually increased slightly

(2 percent) from 1967-1980. Patents granted to foreigners in the U.S. rose
by 71 percent over the period. For other industrialized nations patents
granted to foreigners declined1t6 only 66 percent of the 1967 level (about
43 percent of this decline was attribﬁtable to the dgcline in paténting
abroad by U.S. inventors). In consequence the share of foreigners patenting
in the U.S. rose from 22 percent in 1967 to 40 percent in 1980.

Of the industrialized économies both Japan and West Gefmany expanded
paténting activity at home markedly.‘ Only Jaban, ambng large industrialized
nations, realized a significant expansion of patcnting abroad. The U.S.
continued to be the dominant country in patenting abroad with West.Germany,
Japan and France following.5

The semi-industrialized nations have a somewhat varied experience in
terms of patenting. Most of the rapid-growth couﬁtries show expansion in
patents granted to nationals (or have relatively high levels of patenting, e.g.,

Spain). _ .The slower g;owing.semi—indqstrialized countries in general have

eigners have tended to increase in the fast growing semi-industrialized
countries and to decrease quite d:astically in the slow-growth countries
(for thé group, patenting by foreigners is only 40 percent of its 1967
lével in 1980). This decline reflects policy changes Ey this group'of
countries and other developing countries toward nulti-national fitms.b In
general, through administrative procedures and through exclusiop.of certain
.techhology areas from patentability (chiefly food and drﬁgs), patenting by

foreignérs has been cut back (e.g., India). Unfortunately, as will be discussed later,

these policies have not produced significant exprnsion in patenting by




nationals.

The developing countries on the whole have relatively low levels of
national patenting and high ratios of patenting by foreigners (policies in
India have curtailed the latter). While data on patenﬁing abroad are in-
complete, available data for both semi-industrialized and developing
countries indicate that the ratio of patenting abroad to pafenting at home
is much lower than is the case for industrialized countries.

The planned economies in general have relatively high levels of patent-
_ing by nationals and low levels of foreign patenting and patenting abroad.
With the exception of East Germany and Romania, the planned'economies have
expanded patenting activity over the period. This and the low levels of
patenting by planng? economy inventors.in industrialized market economies suégests
that patentability standards may differ considerably ietween industrialized
and planned economies.6

Table 2 provides a summary of data for 9 countries operating utility
model oxr petty patent sfstems. It is of some irnterest to note that all of
'thgse countries are relatively successful in invention given their levels of
development (Brazil intrbduced its utility model in 1970 and we.have only recent
data; Italy has not reported recent déta). Petty patents are granted primarily
to nationals (although Germany has granted a significant number to foreigners
from countries without petty patent systems). They are a}so granted primagily
to individuals rather than to larg; corporate firms. Most are granted in méchan—
fcal technology areas rather than in chemical or biogenetic technology areas.

The advantage of the petty patent is that it broadens the invention
base by providing incentives to encourage individuals and small firms to |

develop inventions. Some semi-industrial countries, notably South Korea

and now Brazil, are using this legal system effectively. Japan and Germany




Table 2: Utility Models (Petty Patents) Granted 1967

>vvwwnwn»o=m Utility Models Granted
Nationals Forelgners Nationals | Foreigners

967 1975 1980 _ 1667 _ 1075 1980 1967 1975 1980 1967 _ 1975 1980
Germany (FR) 42,214 30,114 26,094 11,344 11,938° 8,153 20,948 12,099 10,252 2,400 2,181 1,879
Italy 4,418 - 778 3,935 . 702 |
Japan 109,154 178,992 190,388 1,906 1,668 1,397 20,601 47,449 49,468 721 957 533
Philippines 141 565 762 2 7 24 94 331 465 - 9 3
Poland 1,647 1,896 2,523 22 3l 36 411 1,775 1,680 4 25 20°
Portugal 139 78. 118 25 13 15 77 153 159 9 25 6
Spain 7,601 7,650 5,830 710 1,353 1,162 6,177 4,128 3,845 600 2,041 ‘1,131
Brazil - - 1,657 - - 89 - - 131 - - 13
Korea - 7,052 7,936 - 238 622 - 1,315 - 14 438

Source: Industrial wnovmwnw annual statistical reports

1,032



have used it effectively in the past.

Table 3 provides data for two weaker legal instruments. The Industrial
Design Patent and the Trademark. In some sense, the design patent is a petty
patent and may serve a similar purpose. Those countries with petty patent
systems alsoc have relatively active design patent sy#tems. Design patents
have generally nof experienced the same pattern of decline observed in
inveﬁtion patents. Exceft for Canada and the s;aller European Community
countries, design patenting by foreigners is a relatively small fraction of
total patenting. This is particularly true for semi-industrialized and
developing countries where multi-national firms have not utiliéed this
instrument for prctection (in contrast to the use of invention pétents).

The data on trademarks, on the other hand, shbw that foreign firms‘
are using trademark protection in most markets including the semi-indus-
trialized and developing countries. An e#pansion of trademark registration
to nationais and foreigners is observed in the majority of economies of all
types except the planned economies. This is consistent with the general
péttern of industwial trade e#pansion..

II. Comparative Advantége Patterns

Table 1 provided data on patents gfanted to nationals at home and on
patents granted to nationals abroad as well as on patents granted to foreign
inventors. The ratio of patents granted to nationals to total patents granted
varied from a higl of .76 in the pianned economies (and the U.S.) to a low
of .11 for all de-eloping economies in the late 1960's (see Table 9 for a
summary). The ratio of patents granted to nationals to patents granted to
nationals abroad 1anged from over 2.0 for many developing coungries to around
1 for developing and slow growth semi-industrialized countries.

The first ratio is related to the level of development of fhe country

in question and to its size and degree of economic integration with other




Table 3: Industrial Design Patents and Trademarks Granted - 1975, 1980
Industrial Designs Granted Trademarks Granted
Nationals Foreigners Nationals Forcigsners '
1975 1980 1975 1980 1975 1980 1975 1980
I. Industrial Market Economics
A. Moderate to Rapid Growth o
Japan 34,129 30,696 700 593 104,156 41,577 5,010 5,290
Austria 3,987 4,260 1,517 1,744 1,458 3,333 1,247 2,148
France 11,320 13,209 857 1,560 12,645 37,332 4,312 9,784
Denmark 390 314 486 630 1,520 1,324 3,704 3,339
Germany S$4,231 70,701 2,609 4,844 9,396 13,006 3,432 3,338
Benelux 1,671 1,691 1,376 1,262 5,529 4,418 3,571 " 3,082
Norway 243 252 364 434 522 464 2,531 2,675
B. Slow Growth ’ :
Canada 337 337 1,168 978 3,507 8,779 - 3,391 6,755
Ireland 34 46 176 284 107 162 893 2,098
Switzerland 465 351 213 325 2,552 2,462 1,508 1,507
Sweden ’ 1,283 1,558 364 588 1,397 1,577 2,591 2,608
U.S.A. 3,428 3,056 854 892 28,353 17,319 2,578 1,566
Australia 1,165 1,377 568 580 2,835 1,860 4,252 2,715
U.K. 1,665 2,166 1,354 2,799 5,878 3,356 5,562 3,352
Finland 165 371 222 350 276 703 1,126 3,542
New Zealand 157 170 167 173 845 524 2,015 1,318
I1..Semi-Industrialized
A. Rapid Growth _
Spain 3,234 2,239 224 407 - 11,119 -~ 12,822
Israel 115 266 42 56 224 255 1,064 868
Greece - - - - 1,546 1,260 1,%69 1,800
Singapore - - - - - 784 - 2,499
Portugal 266 335 216 228 770 1,035 481 581
Brazil C - 136 =~ 81 - 136,808 - 42,821
¢ Korea (R) 1,583 3,917 , 6 154 - - - -
Hong Kong - - - - 348 603 1,182 1,647
B. Moderate to Slow Growth
Chile - - - - 2,883 1,986 2,810 1,735
Venezuela 59 77 34 16 635 2,360 1,452 1,961
Argentina 2,426 n.a. 159 n.a. 12,428 - . 2,932 -
Costa Rica - - - - 521 - 974% -
Mexico - . - . .
- - - 3,352 8,637 3,117 8,292*
Turkey . .
. - - - - $57%  1,129%*1,171% 1,181%
Uruguay . : .
- - - - 1,293 6,414 1,152 541
J1I. Developing Economies
Ecuador - - - - 210 513 8iz 1,077
Iraq 19 9 - - 68 184 236 885
Morrocco 82 116 15 40 428 541 309 443
U.A.R. (Egypt) 127 166 8 27 234 145 396 408
Columbia 11  n.a. - n.a. 702 584 %] 542 672"
Philippines . '
151 n.a. 19 n.a. 539 1,225 351 1,013
Kenya - - - - 153 443 585 747
Ghana - - - - . 27 8 263 167
India 723 n.a. 29 n.a. 3,0 . '
$ri Lanka 8 n.a, - n.a. %g 160° f§8 396
Indonesia - - - - 1,160 6,479 697 2,741
Pakistian 13 93 14 36 283 494** 640 780*
Zambia ’ o
i - - 3 - 22 & §41 215
OAP1 26 - 57 - . 62 n.a. 954 n.a.
I¥. Planned Economies
Cermany E. - - - - 299 150 325 265
Czechoslovakia 577 1,304 8 20 182 134 302 1258
USSR - - - - 48 1,627 5 ' 559
Bungary 165 120 11 28 107 149 290 194
Poland 139 124 16 28 288 116 940 544
Bulgaria 27 .38 S 6 15 73 434 492
Yugoslavia 102 n.a. 30 n.a. 156 n.a. 154 n.a.
Romania - - - - 205 418  13% 53

Source: Industrial Property Annual Issues

*1976
#%1979
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countrieé (particularly for E.E.C. members and Canada and the U.S.). It is

. relevant, however, to this discussion because it indexes to some extent techno-
logyvtrade between countries. A firm has an incentive to obtain patent pro-
tection in a second country either because it is exporting products protected
by the patent to the second country, producing such products in the second
country or selling technology directly through a licensing or technical
agreement.. The cost of obtaining patents abroad will be a factor in the

firm's decision to patent abroad as will the expected market for the protected

" invention.

The ratio of patents granted to nationals to toFal patents has risen
in most rapidly growing economies and declined ia most slow grSWing economies.
For example, in fhe U.S. the ratio fell from .78 in 1967 to .60 in 1980. 1In
Japan it rose from .66 to .82 over the same period. This can be takeﬁ to be
an index of changing comparative advantage. Table 4 piesents patent (trade)
“balance" daté for 1967 and 1980. These data are organized to present the
perspective of the granting country (i.e., row proportions sum to one).

These data show that the great bulk of the foreign patents granted in all
copntries, whether industrial, semi-industrial, or planned, originate in
industrial countries. Even the Eastern European planned economies grant
the bulk of their patents to foreigners to Western European invehtors.

The dominance of industriai countries in terms of origination of patents
granted abroad reflects their genéral comparative advantage in invention, parti-
cularly of the pioneering type. The second ratio which could be obtained from
Table 1 illustrates the point. The ratio of patants granted to nationals

abroad to patents granted to nétionals at home is a rough indei of the degree
of "pioneeringness" or "adaptiveness" of invenéion. It is affected by size of
country and proxlmatily of similar countries (as in the E.E.C) and thus is not

an ideal index. It varies so markedly between industrial countries (around 2) and’




Table 4. Patent Balance Data 1967 and 1980: Perspective of Granting Country

Patent Percent Originating In

Granted to Other Semi-
Granting Foreigners U.S. : U.K. Cermany Janan Industricl -+ Planned  Inductrinl Developing
Country 1967 1980 1967 1980 1967 1980 1967 1980 1967 1980 1967 1980 1967 1980 1967 1980 1967 1980
I. Industrial
Japan 6,896 8,074 .49 .49 .09 .06 .16 .05 - - .25 ,31 .01 .04 - .002 - . -
Austria 3,920 4,481 .21 .13 .07 .04 ,09 .46 .02 .04 .66 .27 .09 . .05 - .02 ,01 .002
France 31,749 19,622 -,34 .28 .11 .07 .24 .26 .04 ,10 ,2p ".,217 .05 .05 .01 .03 - ,001
Denmark 1,997 1,453 .23 .22 ,11 .09 ,22 ,23 .02 .06 .39 .37 .02 .03 .01 .08 - ,002
Germany - 8,300 10,352 .41 .31 .12 .06 - - 04 .23 .37 .32 .05 .05 .01 .03 -  .001
Belgium na 5,081 na .32 . na .04 na .17 na .06 na .38 na .03 na .03 na .001
‘Norway 1,817 1,843 .26 .23 -.,11 .08 ,19 .15 ..,02 .05 .50 .47 .005 .02 ,005 .004 .006 .0O1
Netherlands 1,913 2,907 .31 .30 .10 .05 .22 .21 .02 .15 .32 .26 .02 .02 - - .01 .006
Canada 24,753 22,392 .55 .60 - O .28 .08 .08 .09 .03 .15 .04 .01 .012 .02 .008 .001
Italy na 6,190 na .0l na .01 na .29 na - na .55 na .05 na .09 na .005
Ireland 635 1,407 .29 .32 .z4 .17 .11 .16 01 W01 .33 W32 - - JUL .02 .005 .005
Switzerland 16,462 4,486 .22 .22 .08 .05 .38 .32 ,02 .09 .27 .27 .02 .04 .01 .006 -  ,001
Sweden 7,532 3,604 .32 .29 .10 .06 .25 .22 .00 .07 .28 .32 .03 .04 - L003 .01 .,001
U.S.A. 14,378 24,675 - - 19 .09 .26 .14 .10 .25 .40 ,53 .02 .03 .02 .02 .01 .001
U.K. 28,893 18,646 .47 .36 - - L2464 ,21 ,07 .12 .16 .28 ,01 .01 .04 .02 .01 -
Finland 739 1,464 .20 .18 .05 .07 .17 .20 .01 .04 .53 .39 .03 .09 .005 .02 .003 .01
II. Semi-Industrial _ )
Spain 6,827 7,739 .27 .25 .08 .07 17 .20 .01 .05 .45 .40 .01 .02 .004 .007 .01 .001
Israel 935 1,419 .39 46 .10 .09 .13 .16 .01 .02 .35 «26 .01 .01 .01 .001 .001 .,001
Greece 1,319 942 .29 .22 .06 ,08 .12 ,22 ,02 .03 .46 ,38 .03 .05 .02 .02 .001 .01
Portugal 1,038 2,200 .18 .23 .,11 .08 .19 .17 .01 .03 .45 .42 ,005 .01 .05 .05 .01 .01
Korea 152 1,446 .45 .26 .02 .04 .28 .08 - L,50- .24 .09 - .02 - L,002 ,007 .01
Brazil 679 6,228 .42 .36 .08 .04 ,13 ,22 .00 ,06 .32 .,30 ,000 ,0p .03 .01 .01 .001
Chile 1,224 na .46 na .07 na .12 na .03 na .26 na LO1 na .04, na ,007 -
Venczula 961 408 .59 .47 .04 04 .05 .11 .03 .03 .28 .23 - .01 .01 .09 .001 .02
Argentina 4,479 na .50 na .08 'na .08 na .0l na .31 na .005 na .01l na .008 -
Mexico 5,817 2,389 .44 .62 - L,03 .05 .02 ..,10 .03 .31 .26 .06 .01 .04 .02 - .07
.Turkey 427 - «29 - Jd2 - 21 - L.002 - .33 - .04 -  ,.007 - - -
Uruguay 350 ° 236 .41 .24 .08 .12 -.13 .13 .02 .02 .22 .31 .01 .01 .15 .009 .01’

12
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semi-industrial countries (.15 to .25) and developing countries (.1) that no
‘reasonable adjustment for these factors would alter the picture. Invention in
developing countries is almost'entirelx adaptive in nature. Some of the more
advanced semi-industrial economies (Spain, Israel, Brazil) appear to have
sigdificant pioneering invention but they are still predominately adaptive.
The data from the planned economies are more difficult to interpret as they
may be subject to considerable domestic policy effects.

The picture that emerges overall from these data is one that shows
significant technology trade. It also shows differéntiation
of invention along a pioneering-adaptive continuuﬁ. Developing and semi-
industrialized countries are overwhelmingly importers of technology and they
specializebin adaptive invention at home. The jockeying for position among
developed country exporters has changed somewhat in the past four years with
Japan moving into a strong competitive position; The U.S..share of patent
exports fell from .37 in 1967 to .30 in 1979. Japan's share rose from .03
to .11.

The notion that developing countries engage in mostly adaptive invention -
suggests that inventions made in more highly developed countries "disclose"
possibilities for modifications of these in#entions in the developing countries
economic laboratories. The interpretation of adaptiveness of this
invention is not Lhat easy to make, however. Clearly this invention is of a
different charactcr than that made by developed countries. It is apparently of
low value "upstre:m" in countries with high wages and which differ in other
" characteristics. Since these countries do obtain some patents abroad it will be
useful to look at the patterns of this invention.

Table 5 provides data organized from the perspective of the origin couatry
for 1980. It is not surpriéiﬁg that most patenting abroad is in the developed

. countries. This 1is whcré the‘large markéts are. Argentina, Brazil and Mexico,




ewcwm 5. Patent Balance Data 1980: Perspective of Origin Country

Granting Countries - Region Semi-Industriai Developing .
Patents Originated Other . Latin Latin
Origin Country U.S. Japan Germany Industrial Planned America Africa Asia Europe America African Asia
Japan (20,663) .35 - .11 422 .022 .021 .05 .022 .001 .001 .001
Austria ( 1,669) .158 ,022 .015 .70 .013 .022 .017 .033 . 002 .015 .003
France (12,511) .167 .035 .073 479 .055 .016 .016 .128 .002 .023 .006
Denmark ( 1,103) .148 .027 .061 .63 .057 .014 .012 044 .001 .006 -
Germany - (33,708) .171 .040 - . 584 .006 . 049 014 .064 .002 .005 .005
Belgium ( 1,720) .144 .028 *.038 .604 .039 .024 .020 . .075 .005 .015 .008
Norway (  549) .144 . 044 . 064 .562 .086 .024 .016 .056 - .004 -~
Netherlands ( 5,964) .109 .059 .090 .571 .031 .045 .008 .078 .002 003 ,.004
Canada ( 2,200) .503 .036 .037 .326 .015 .033 .012 .022 .009 .006 .001.
Italy ( 5,877) .137 .025 .052 .506 .061 .066 .015 .118 .003 011  .006
Ireland ( 167) .206 .009 . 047 .599 - .065 .019 .037 .009 - + 209
Switzerland ( 9,827) .127 .041 .096 .50 .059 044 .030 .080 .003 .013 .007
Sweden ( 4,769) .173 042 .058 . 594 044 .030 .006 .048 .0002 . 004 .001
U.S.A. (54,360) = .073 .059 .678 .033 .066 .027 .048 .005 .007 ,004
U.K. _ (11,140) .219 .041 .054 478 .045 .027 .038 .074 .003 .013 .008
Finland ( 928) .133 .022 .033° .599 .100 «055 .002 044 .009 .001 " .002
Spain ( 1,180) .028 . 006 .009 .85 .007 042 .003 .039 .006 .008 .002
Israel ( 316) .377 - . 044 474 - .070 .003 " .032 - - -
Greece ( 691) .006 - .003 .986 .003 .001 - .001 - - -
Brazil ( 113) .204 .018 . 009 .397 .009 150 - .186 .009 .009 .009
Argentina ( 133) .211 .015 .008 .187 .015 406 - .090 .068 - -
fexico ( 171) .275 .029 .018 .326 .029 .088 .006 .053 .123. .006 047
India ( 57) 175 053 .018 .489 .018 .053 - .123 - ~.053 .018
_Panama ( 233) .009 =~ .021 562 .069 .039 .034 .150 .004 .026 .086
. Bahamas ( 103) .058 = ~ «049 «524 .058 .039 .029 126 . 049, .049 .019
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however, do appear to be patenting downstream in Latin American developing
countries to a significant extent. This provides some support for the
adaptiveness hypotheses but a full treatment would require detailed industry
data. 7 . . ~ ' -
Data on receiﬁt of royalties and fees to U.S. residents for the use
of intangible property such as patents, techniques, process designs, trade-
marks and other technology related activities show ghat thg export of techno-
logy is not a trivial activity. Total receipts of royalties and feesAwere
5.5 billion dollars in 1978.8”Product trade data also show that exports of
R & D intensive products have been important to the U.S. economy. In 1964,
the trade balancé in R & D intensive manufactured products showed net exports
of $8.8 billion and net imports of $3.7 billion in nonfR & D intensive manu-
factured products. In 1979, net exports of R & D intensive manufactured
"'products had growa to $39.3 billion but net imports of nonfR'& D intensive
products had growa to $34.8 billion. (These data do not include agricultural
and mineral products which are also important in trade). '
- III. Evi&ence of Declining Patent/Inventive Input Ratios

We now turn to foﬁr sets of data on patents and inventive inputs (scientists
and engineers engaged in R & D and R &‘D spending) to examine the question of
"inventor productivity". All four bodies of data ) show that the ratio
of patents granted per unit of inventive input has fallen from 1964 to 1979-80.
This decline shows up for almost all of the industries in the two data sets
(U.S. and Japan) where industry specific data are available. It shows up in
each of the five :ountries for which OECD data are available (U.S., U.K., France,
West Germany and Jjapan), and it shows up in mostof the 44 countries for which
UNESCO data are available. |

A decline in the ratio of patents granted to inventive 1nputé need not

imply that real invention per unit of inventive input has declined. A change




~18-

in the "propensity to patent" i.e., patents granted per unit of real in-

vention, could have prpduced the results reported here. A rise in the cost

of obtaining and enforcing patents, changes in legal systems and chang;s in
company policies could produée changes in‘the propensity to patent. We know that
some such changes have almost certainly occurred particularly because of rising
patent enforcement costs. A few countries have changed their legal systems as
well. However, many countries have not experienced riges in patent enforcement
costs and have actively encouraged invention through subsidies and favorable

tax treatment. It would be extremely unlikely that changes in the propensity

to patent could explain the universal decline in patenting per inventive inpur

unit shown by the data.’

Consider first the data by industry for the Unitéd States. Table 6 proﬁides
the most detailed industry data readily available on patents granted to nationals
and foreigners as well as R & D (in 1972 constart dollars) and scientists and
engineers engaged in R & D. Data on the proportion funded by government and
on the proportion considered "basic" and "development" are also provided by tae
N.S.F.
Table 6 shows that R & D spending per scientist and engineer, while varying somewk
by industry,bhas changed little from 1964 to 1976. It increased ét an annual
rate of only .0047.- Patenting per scientist and engineer fell at an annual rate

of -.0126 from 1964-6 to 1971-2 and -.0439 from 1971-2 to 1976-8. (~.0283 over

the entire period). Regression 1 provides a statistical description of this




Table 6. Industry Patenting, R & D Expenditures and Scientists and msm»nmmnm..c.m.>m.Hombaum

Annual. Perecant Changes Arnnual Percent Changes
Ratios 1976-8 1964-6 to 1971-2 1971-2 to 1976-8
R&D PN = PN PN PN "R &D PN PN PN R &D 3
Industry S&E S &E PF S&E R&D S&E PF S&E R&D .S &E PN/PF
Food 40.2 86.3 2.10 .057 .034 .023 =-,065 =-.039 .039 001 -.027
Textiles 33.7 241.1 1.35 .021 .036 -,015 -,084 -,014 -.094% 040 -=,066
All Chemicals 50.3 159.1 1.38 ~-.018 -.016 ~-.002 -.068 -.030 -.038 *,008 -.047
Industrial Chemicals 56.9 173.1 1.35 .017 .014 .002 -.055 =-,031 =-.081 .011 -,039
Drugs 47.1 7.0 1.06 -.,093 . -.078 ~.016 -.034 .010 .005 .005 ~.,057
Petroleum Products 69.2 - 84,2 4,14 -,03. -,099 -.010 =-.036 ~-,007 ~-.036 .033 =~-.070
Rubber Products 42,7 276.7 1.89 -.029 ~-,072 .043 -,098 -.006 ~-,081 =-,020 -.054
Stone and Glass 42,5 214.2 ' 1.84 -.018 .001 =-,019 =-.123 -,076 ~-,078 .002 ~,054
Primary Metals 46.2 55.7 1.11 =-.,040 -,009 -,030 -,088 =-,089 -.094% .005 -.061
Fabricated Metals 37.9 766.2 2,17 -.002 =.049 .038 -.086 =-.064 =-.063 =,002 ~-.046
Non-electric Machines - 49.9 206,5 1.54 -.074 -,108 =-,015 =-.077 =-.i00 =~-.110 010 -.057
Electric Machines 52,2 100.,1 1.78 .009 .002 .006 ~-,082 ~-,046 ~-.051 .005  -.062
Motor Vehicles _ 79.4 95.5 1.91 -.029 =-,021 =-,005 =~-.061 =.034 -.060 025 =-,025
Aircraft 66.6 13.0 1l.21 . 041 .05 =~-.013 -.061 .023 .021 .003 =~.062
Scientific and
Professional .
Instruments ) 52.4 253.2 1.67 .001 -.030 .029 --.094 -.097 =~-.048 -,007 ~.056
All 51.2  186.4 1.77 -.0126 -.0138 .0011 -.0742 -.0439 -.0529 ..0082 --,0523
Regressions:

(1) LN(PN/S & E) = 5.0986 + Ind. Dummies - .0756 T2 - .3392 T3 (R% = .947, F = 38.27)
A

(.105) (.105)
(2) LN(PN) = 5.,0147 + 1.18 LN(S & E) + 2.526 Proportion Govt. Funded - 13.91 Proportion Basic
(.166) (1.058) (10.97) 2
+ 1.419 Proportion Development + Ind. Dummies - .132 T2 - .433 T3 (R = .97 F ,.512)
(.98) (.106) (.130
(3) LN(PN) = ,107 + 1.23 LN (R & D) + 1.93 Proportion Govt. Funded = 13.77 Proportion Basic
(.15) (1.00) (10.15)
+ 1.38 Proportion Development + Ind. Dummies -.l55 T2 -~ .526 T3
(.55) . (.099) (.126)

Source: Science Indicators Hmmo

T2 = 1 if year equals 1971 . : A .
T3 = 1 if year equals 1978 g 4
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decline controlling for industry effects. The annual rates are unchapged by
the correction for industry effects and the decline from 1964-6 to 1976-8 is
highly significant from a statistical perspective. These data do not include
patenting for 1979 and 1980. At the national level patents granted to national
inventors declined by 10.2% from 1976-8 to 1980 (this excludes_the extraordinarily
low patenting in 1979). Numbers of scientist and engineers and R & D expenditures
rose by roughly 10 percent during this period. (In the Table 6 data, R & D and
scientists and engineers numbers are lagged behind patents granted by 2 years).
Had the data included these latter two years, the decline would have been
substantially greater than shown here.

Since R & D spending rose relative to scientists and engineers only slightly,
patentslgraﬁted per dollar spent on R & D declined ohly slightly more than is
Fhe case for scientists and engineers. The table alsp shows that the ratio of
national to foreign patenting fell in every‘industry in both periods.. it is of
interest, however, to note tha; the change in this ratio is positively correlated
with the change in labor producﬁivity across industries over the 1966-78 perind
(r = .583). ' There is also a positive correlation
between the change in the néﬁional to foreigﬁ patent ratio and the chénge in
national patenting per scientist and engineer (.346 over the entire period, . 556
‘in the second half). Changes in national pateﬁting and foreign patenting are
positively correlated for the 1966-78 period (r = .701) but changes in national
patenting in the second half of the period are negatively correlated with'changes
in foreign patenting in the first period (r = -.631). The reverse is also‘true
(r = .342).°0

Regressions (22 and (3) in Table 6 report a simple effort to control for scme
characteristics of the research system on patenting per unit of inventive input.

They provide some evidence that government funding increases inventive output

while emphasis on basic research decreases it. 4 |




Our second set of data reported ip Table 7 includes industry level data
for Japan. These data show that patent applications per scientist and engineer
were lower in 1975-6 than in 1967-8 in all industries except textiles and foods
where they were unchanged. Patent applications per dollar expended on R&D
also declined because R & D per scientist rose. (R & D spending is expressed
in millions of 1970 constant yen). It is of interest to note that a positive
Cérrelation between the changes in patents per scientists and engineers exists
between the U.S. and Japan with the transport (motor vehicles) and non-electric
machinery industries in both countries experiencing the largest declines.

Table 8 repbrts our third data set. These data were collected by the G:CD
and are somewhat more reliable than the fourth data set collected by UNESCO -
(summarized in Tabie 9). The five countries included in the table actually
undertake the bulk of the world's R & D. The decline in patents granted to
national inventors per scientist and engineer (the scientist and engineer and
R & D data are lagged 2 years prior to the p;tenting data, i.e., for the 1967
column S & E and R & D data are for 1965) shows up in each country. Imn the
.cases 6£ Japan and Germany patents per scieatist and engineer peaked in
1971. 1In the U.S., U.K. and Frénce,'this ratio has declined since 1967. I
terms of the date of investment in R & D, these declines set in two years
earlier. It seems quife clear then that the deéiine was not directly associated
with the energy price increases of the early 1970s.

The data on R & D and Industrial Producé (IDP) have been first deflated
by national GDP def;ators to 1971 values then converted to U.S. dollars utiliz-
ing the adjusted exychange rate of Kravis, Summers and Heston}l'Wé really do not
have an ideal deflatqr for R & D spending in any single country nor do we have
an ideal exchange rate. The procedure adapted here is about the best one can
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Table 7. Patent Applications, Scientists and Enginecrs and R & D
Expenditures in Japan 1967-1976

Industry Patents/S & E Patents/R & D R &D/S & E

, 1967-8 1971-2 1975-6 1967-8 1971-2 1975-6 1967-8 1971-2 1975-6
Chemicals 1.60 1.30 1.42 425 .187 ,218 3,762 6,969 6,528
Non-Electrical » . .
Machinery 3.28 2.66 2.33 . 948 422 0 .273 2,914 11,402 4,714
Electric and
Electrical ‘ .
Machinery 1.23 .93 1.12 .378 .132 .197 3,251 7,042 5,667

~ Transport and ' : ' '

Construction : ' :
Equipment 2.08 1.49 1.32 .328 .136 .110 6,332 10,959 11,832

Textile and '
Household Goods 4,82 5.54 4,89 1.413 1.071 .988 3,412 5,169 4,954

Foods N 1.37 .84 1.38 494  .169  .270 2,778 4,949 5,108 .
All Industries 1.80  1.43  1.54  .733  .200 .236 3,610 7,150 6,540

Source: Statistical Yearbook of Japan
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Table 8. OECD Data: Patents; R & D; Scientists and Engineers

Patents Scientists

to . and Royalties and Fees
Nationals Engineers PN PN R&D Received Paid
PN S & E S&E R&D IDP Received Paid - PNA . PF

United States
1967 51,274 494.5 103.8 2.85 * 2.49 23.84 2,28 .32 .16
1971 55,988 555.2 . 100.8 3.145 2.12 31.91 3.02 .36 .14
1975 44,162 525.1 84.1 2.484 1.98 28.96 3.19 .32 .12
1980 - 37,652 573.9 65.6 2.341 1.91 26.89 2.55 .49 14

United Kingdom : ' ‘

1967 9,807 49.9 196.5 7.36 2.00 2,51 2.38 .14 .08
1971 10,376 52.8 196.5 8.45  1.85 3.61 3.28 .17 .11
1975 8,855 80.7 109.7 8.75 1.75 3.32  2.73 24 .09
1980 5,158 80.7 63.8 5.23 1.82 na na na

West Germany :

- 1967 5,126 61.0 84.0 2.30 1.28 1.24 2.64 .03 .31
1971 8,295 74.9 110.7 2.23 1.54 1.53 3.94 .04 40
1975 10,395 102.5 101.4 2.69 1.59 1.73 3.85 .05 .36
1980 . 9,826 111.0 88.5 2.29 1.64 1.91 4.64 .06 40

France , .

1967 15,246 42.8 356.2 10.44 1.42 2.68 3.16 .19 «10
1971 13,696 57.2 239.4 7.90 1.29 4.42 4.59 .26 .12
1975 8,420 64.1 131.4 4.07 1.39 6.54 5.44 .51 <25
1980 8,433 68.0 124.0 3.61 1.35 9.19 7.42 .73 42

Japan )

1967 13,877 117.6 118.0 9.67 .84 .37 3.28 .06 47
1971 24,795 157.1 157.8 7.70 1.11 .75 6.12 05 . .52
1975 32,465 238.2 136.3 8.49 1.19 1.01 4.79 .05 .63

--1980 38,032 . 272.0 139.8 8.50 1.29 1.33 5.85 .07 .63

‘Source: Science Indicators 1980
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can do with the data at hand and the re;der should be very cautious in
attempting to interpret ratios of patents or scientists and engineers to
R & D spending. (The deflation problem does not affect the ratio of R&D
~ to Industrial Product).

Bearing this in mind we may note that the general pattern of d?%lining
patenting per unit of investment in R & D emerges from tﬁe data.alﬁhough some
différences in detail are apparent. When R & D.épeqding-per S & E declines, patents
per R & D rise (and vice-versa). This has operated to alter the peaks in
PN/R & D relative to PN/S & E. |

The data on the percent of industrial product expended in industrial
R & D show this rétio to be declining sharply in the d.S. and rising signi-
ficaﬁtly in Japan and West Germany. In 1980, these five countries did not
differ greatly on this measure. !

We also have data on royalties and fees paid and.received for these
five countries (expressed in "real"™ U.S. dollars as was R & D). The ratios
of royalties and fees received per patent granted to nationals abroad are

relatively low fc1r West Germany and Japan while the reverse is true for the

patent gran ign . These two countries
are the "aggressive" countries with regard to expanding their R & D investments
and patenting in foreign countries. Their strategy Qgs generally been to borrow
or import technclagy aggressivelyito build their own capacity. This appears to

be reflected in the fact that they’pay substantial fees for imported technology

and receive relat:vely low payments for their patenting abroad presumably be-

cause they are early entrants in these markets}lz‘
Obviously, tlese ratios aré only rough proxies for the reai prices paid and
received or the real value of patents. It may be noted that these ratios have

tended to rise over time. Does this mean that the real economic.value of all

patents has risen? If so, the decline in patenting per scientist and engineer




~25-

may be partially offset by a rising value per patent. This is difficult to
say because the patents involved in "trade" are generally the most valuable
patents. Changés in the volume of trade will affect the relative proportions
of highfvalued to low-valued patents. The average value of patents in;olved
in trade could rise even though the average value of all batents remained
unchanged.

'Tablé 9 provides é summary of international data for 44 countries (see
Téble 1 for classificétion by region). Lines 1 thréugh 5 p;ovide means of .
patent and trademark data reported in Tables 1 and 3 by region. These
figures highlight the major features of the patent data. They show the
decling in the importance of the U.S. in world patenting and the rise in
impofténce of Japen, West Germany énd the planned economies. They also
show the marked d:ifferences in patents granted abroad to patents granted

’-at home - a measure of adaptiveness of invention -between the industrialized
nations and the semi-industrailized and developing economiéé. They further
show the high degree of foreign patenting in most of the world's economies.

Lines 6 -9 pro&ide data on ratios of patenting to numbers of scientists
and engineers in the productive sector and on patenting to R & D expenditures
4dn the productive sector. It should be noted that both the S & E data and the
R & D data are subject to considerable errors: The UNESCO data provide a break-

down of both. Jor . the "productive",(i.e. industry, transport, commerce) -

_gducation and service sectors. For purposes of this paper I have used data for

.« 7

the productive sector. A further problem with these data is that they are not
available for ali years and some interpolation was required.13 The most serious
problem, however, is the exchange rate conversion. This conversion is relevant
only if one wishes to make cross-section comparisons. Comparisions over time
require only an appropriate deflator to convert cxpenditures to a constant

currency unit. Line 8 provides R & D data in constant 1972 U.S. dollars where stand:
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Table 9. International Data: Patenting and Invention Inputs Means by Region by Period

Industrialized Eccnonies Semi-Tndustrislized Ecconomics Develoning
Rapid Growth USA Other Rapid-Moderate Slow Growth Economies
1. Share of Worlds
Invention Patents
1976-79 _ «310 «233 .075 .033 .010 . 004
2. Share of Worlds
Design Patents
1975-80  .852 .025 041 .046 017 .010
3. Share of Worlds )
Trademarks
4. Ratin: Patents granted
to Nationals Abroad
to Patents (N) '
1976-79 1.31 1.69 2.65 .20 .165 .09
5. Ratio: Patents (N)
to Total Patents
H@@N'NH oww QNU QHW . cNU QPM QHH.
1976-79 : 51 .62 .18 - o7 .20 .12
6. Patents Per Scientist & Engineer sz\mm%
1967 T 0238 . 248 .998 . 380 .053
1971 «258 ( .08) «214 (-.11) ..876 ( .12). ~ «337 (~.02) .066 ( .08)
1976 201 (=.14)% 152 (=.36)%* 0494 (=~.12) P 185 (~.6G)%*x% .055 (..13).
1979 200 (~.09) «108 (=.gg) %% «350 ( .05) 154 (=.98) %%

.052 ( .02)

Plannad -
Economies

«277
.336

.029

.007

.155
.109

.76
.84

«269

«218 (~.07)
<187 ( .28)*%
<243 (-.08)
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" -Table 9.

International Data:
(continued)

HsmCmnnwwHHNmm Economies

Rapid Growth

Semi-Industrialized

 Slow Growth

Rapid Growth Slow Growth

7. Patents Per Dollar Expended R & D (PN/R & D)L+2

1967-71 1.007
1975-79 1.276

1.660
1.463

4.054
6x803

8. Patents Per Dollar Expended R & D (PN/R & D)L

1967-71 1.276 1.775 6.799

1975-79 1.119 1.202 9.733
1

9. R & D/GDP

1967 - .0325 .0230 .0094

1971 «0227 (~.38)%x .0168 (=.29)*%

1976 +0206 (=.48)%x* +0159 (~.36)%*

1979 «0196 (=-.52)%x* «0171 (-.30) %%

0056 (-.53) %%
(0043 (=,77)%*
0043 (=.78)%%

10. Regression of LN(R & D) on:

LN(}MFG) 1.032%% 1.25%% .627%
Industrial :
Growth. -.0025 -.040 -.014
Trade .
wpnmumhn% 2.722%% -1.45% .S
R .99 _ .99 .98
238 269 a 61

F

Note:

Country and time dummies included in regressions.

3.429
2.181

6.858
3.621

.0040
0043
.0041
.0041

-.124
l-w . w.f\su-.

.96
25

( .13)
Alo H.mv
A'opmv

Patenting and Invention Inputs Means by Region by Period

Developing
Economies

777

.822

.0056
.0053 (-.05)

«301%

«050%*

=1.45%

* Coefficient > 1.5 times standard error; ** Coefficient > 2 times standard error

« 97
55

1.092 .

.

Planned
Economies

1.297

1.092

1.297

.99 |

.0357

20261 (-.26) %%
.0329 A'oPHV*
767%

.035

. -

160

1) Numbers in vunmpnﬁmmmm are time dummy coefficients in a regression LN ( ) on country and time dummies.

2) These R & D data are deflated by the Kravis, Summers, and Hesten purchasing power exchange rate.

Source of Data: UNESCO Yearbooks.
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exchange rate conversions to dqllars were made and where the U.S. dellator Qas
applied. Line 6 utilizes the purchasing power parity exchange rates developed

by Kravis, Heston and Summers (1980). This deflator modifies both ﬁhe time series
and cross-section aspect of the conversion and, while imperfect for the task at |
hanqiis probably the best available.

Examination of the data in line 6 shows that patents per scientist and
engineer have declined in the industrialized and slow growing semi-industrialized
countries (which account for most of the world's patents — see line 15. The numbers
in parentheses are régression estimates of the decline in the ratioé within countries
(i.e., country dummies were included in the regressionms). Statistically significant
decli;es are shown for the last two periods relative to the first fo; these groups.
In addition viitually all individual countries in each group showed declines in tﬁe
‘ratios. These ratios do vary considerably by type of eéonomy with the semi-
industrialized countries (notably the rapid growth SIC's) showing ratios far above
the industrial courtry standard. Developing countries are generally f£ar below the
industrial countriés in this regard.

It would appear that standards of patentability must be somewhat lower in
the semi-industrialized economies. It is aléo the case that these economies
concentrate their inventive efforts in industries with high PN/S & E ratios -

(see Tables 6 and 7, textiles, foods, non-electrical machinery). The decline

in the ratio may be partially due to shifts iq R & D toward industries with gen-
erally lower ratios. In developing countries, a relatively high proportion of

time may be devoted to adaptive invention, much of which is not patentable in

these countries. NMany of these countries have vented frustration §ver'the terms

on whicﬁ technology is purcﬁased in international fora. Few have shown imagination
in developing legal sy§tems suited to their competitive position in international

invention. These data indicate that most invention from these countries is
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‘adaptive. They are not gencrally able to compcte in the primary market for
invention. Yet they have generally not modified their patent system to encourage
adaptive invention. They have instead opted to weaken the scope of patent cover-
age and administratively to discourage foréign patenting. In this the siow—growth
industrial economies and the developing economies have ﬁeen successful. Unfor-
tunately, they have also discouraged national invention in the process.

The data on patents per dollar expended on R & D are somewhat less regular
in showing declines in patenting per unit of inventive activity than are the data
on patents per scientist and engineer. Part of this is dﬁe to the problem of de-

. flating these data appropriately. The data show ge2neral declines in patenting per
dollar expendeé in R &D éxcept in the rapidly growing semi-industrial economies,
the planned économies and for the data deflated by the purchasing éower parity
exchange rate for the rapidly growing industrial economiesf Some of this departure
from the pattern shown in line 6 is probably due to efficiencies in the organization
of R & D in some of the rapidly growing economies.lb

Liqe 9 of the table corroborates the pattern observed in the OECD countries
regarding the decline in the share of industrial product devoted to R & D. This
share has declined in virtually all countries in the data set iﬁcluding the planned
economies. The fact tﬁat this has happened is con%istent with the proposition that
it has become more costly t; invent, i.e., that the probability of discovery has
declined.A The magnitude of this decline in investment is highly significant and has
important policy implications for gr9wth when gonsidered along with the evidence for
declining productivity of invention.

Table 9 also reports an investment regression for each of these regions. It is
more "descriptive" in nature than analytical. In each region the‘108 of R & D is
regressed on the-iO& of industrial GDP, the industrial growth rate in the previous ten
years and the trade intensity of the country (i.eﬁ.the ratio of thé value of trade to

GDP). Country and time dummy variables are includad to pickup constant country
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éffects. These regressions, while not particularly remarkable given the data

and the problem of international comparaﬁility,suggest that investment decisions
are reasonably systematic. Except for the_slow growing semi-industrial economies,
a rather mixed bag éf countries, investment in R & D is related to industry size.
There is little evidence that past 1ndustfy growth affects investment decisions
(although this might differ if we had detailed industry data). Openness to trade
appears to have a positive'effect on R & D spending in the fast growing economies
and a negative effect in the slow growing economies. ‘The interpretation of this
result is not readily obviou; since openness to trade and willingness to invest

" 4n R & D may be jointly determined by a set of political factors. It is tempting

. to suggest that aggressive growth strategies, as by Japan and West Germany, produce
this positive correlation while the reverse is true for those countries pursuing
less aggressive growth policies. This type of data, however, is not really suited
to testing that proposition and these regressions are accordingly presented here in

a data table and labelled descriptive.lS'

The case for concluding that a significant decline in real productivity of
invention has taken place does not require that we show that no change in the pro-
pensity to patent occurred. The magnitude of the declines in patenting per scientist
and engineer and per uﬁit of R & D in the OECD countries for which we have gooc data
is large. Furthermore, these countries have reduced spending on R & D relative to
the market for invertions by significant amounts. -It is also not surprising that a
decline in invention potential shoulq have occurred. Broad cycles in growth pctential
have marked our history before. It may well be that ;he 1970s were more normal in
- this regard than the 1950s and 1960s.

. Our déta force us to deal with broad aggregates. Had we more detailed data by
technology fiéld we would find that even prior to 1965 many technology fields were

exhibiting declines in invention potential., This is true in the 1970s‘as well.

It is just that the declines are outweighing the increases. One - -

-
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need only to look at detailed patenting data by sub-class to note cycles.
Patenting activity may be séoradic for a period: (then increase to a peak and
then decline). Of thc patent sub-classes utilized in the U.S. Patent Office
today, the majority are considéred "dead art", i.e., patenting activity has ceased.
The natural model underlying these data is a search model in which a podl
of potential invention is determined by existing technical and scientific know-
ledge. The pool is depleted by inventive activity. {t is recharged in various
ways. Other related inventive activity can recharge pools through disclcsure
effects. More basic scientific and technical research can produce findings which
recharge as well. This paper is not suited to an analytic explanétion of this
model.16 Its pufpﬁse has Been to‘identify broad indicators of change in the

invention processes.
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IV. Implications for Studies of Technology

Mosﬁ studies 6f the economic determinants of R & D sfending by firms
or of the economic outcomes attendant to that spending have not taken trade
effects into account. Many studies have implicitly, if not explicitly,
supposed that firms do not have the option to purchase new technology directly,
except in “"embodied" form in capital goods. In addition, many studies presume
‘that the probability of discovery from a firm's R & D is constant over signif-
icant periods of time.' Most studies recognize that industry spécific effects
may be present in this probabiiity, but few make any aftémpt to take into
account the degree of adaptability of the R & D and its dependence on discoveries
made by other firms including international firms.

The data summarized in this paper as well as the evidence on "overseas K & D"
undértakeﬁ by U.S..multinational firm;'suggest that for many problems the inter-
national dimension cannot be easily set aside.;7- Many firms have international
. R & D strategies with laboratories located in different ﬁarkets and economic
environments. Virtually all R & D activities have some elements of_adaptiveness
'and'the probability of discovery will depend on the fact that other firms are
making closely related discoveries. Studies based on a sample of only large firms
in one industry (or industries) such as many in this volume do not provide a
réalistic picture of industry equilibria regarding R & D strategy. Even in these
large firms the variation in R & D spending has been noted to be much highzr than

18 Had the entire industry been sampled, we would

for normal factors of production.
find that some firms in some industries engage in practically no formal R & 3.

Yet they exist in competitive equilibrium with other firms engaging in signiiicant |
_ levéls of R&D. -

iInternational data show this pattern of high variation in formal spending

on R & D across countries. They also show that the degree of adaptiveness of

R & D is highly correlated with the level of R & D spending. A further biece
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of evidence suggesting that significant trade in technology takes place
is that many patented inventions ére granted to individuals with no associ-
ation with firms or with associations with very small fi;ms. This would not
occur-to a very significant degree if it were not possible to sell invented
technology in forms disembodied from a product.
The patent system is often seen primarily as a means by which a firm
can prevent infringement on tﬁ; technology which it has discovered and is
using in production. A well-functioning patent system has two further aspects
of importance. First,.patent systems enable the exchahge of technology by
providing the basis for legal transactions. Second, the patent systems require
an "enabling disclosure" which legal scholars reggrd to be of great importance.
The removal from secrecy of inventions is seen to be the main social benefit off-
set;ing the cost of the limited monopoly granted. (Economists tend to stress
incentives for invention as the major benefits). We.obseive that when patent
systems are functioning efficiently (i.e., the cost of obtaining and enforcing
patent protection is low) it encourages technology trade. When patent systenms
are nét efficient, technology trade Becomes closely integrated with product trade.
For certain types of studies, the fact that technology can be purchased and |
sold, that R & D activities can vary in adaptiveness and that R & D productivity
may be influenced by discoveries by other firms requires that we develop better
Yprice" data for technology. It also requires that the alternative types of |
fechnology acquisition activities be better spezified than at present. We should,
for example, be measuring a firm's investment in pioneering R & D, adaptive R & D,
licensing and royalty payments, search costs for new designs, etc. 1if we are to
“understand fully the firms investment motives. We should be attempting to define
- more me;ningful.pri;e variables facing the firm. Technologyvembodied in capital

goods (or technical services) supplied by other firms is available at a real

price and is a substitute for some types of R & D activity and quite possibly
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complementary to highly adaptive R & D. Other technology can be licensed
for a price. A firm'g own technical capacity will affect the prices it pays.
: The supply side of these technology markets changes with new discoveries, etc.
Obviously, defining proxies for these prices will require a good deal of
-imagination and probably a few‘good case studies. A few studies are showing
progress on this score, however.lg- ' =
The issue of changing invention productivity 1is of obvious importance
independently of our interest in investigating firm béhavior more clearly.
If invention potential pools are Seing depleﬁed more rapidly than they are
being recharged, economic growth will suffer. If this depletion—recharge
- process differs significantly by industry and by ecénomic environment, it
. has important implicatiohs for.comparative advaatage and ingomes associated
with it. The data reviewed in this paper are in many ways too aggregative to
- :investigate adequately the depletién—recharge-issue. They strongly suggest
that the’U.S. and a few other developed economies may havé experienéed a
fairly broad.scale net depletion of invention potential pools. Further, the
international patterns of comparative advantage appzar to have changed markedly
in recent years. The two phenomena are related and their net effect 6n the U.S.
economy in the past 15 years may have been quit:z significant} It is not unreason-
able to suppose that the potential economic growth of the economy (sgtting aside

| macro-policy issues) may well have been considerably lower since 1965 or so than

in the preceeding 15 to 20 years.

It is also not unreasonable to suppose that some loss of international

comparative advantage rents has been sustained by the economy.

As economists investigate this issue policy aftention will focus on the
techarge_methanismo Progress toward measuring the effectiveness of alternative»
teéharge strategigs (basic research, scientific research, etc.? howe;ér, will depend
our ability to specify the &epletion mechanisms (i.e.,the invention process).

Patent .data are now becoming available in more detailed form (1PC classeé) and

. for more coﬁnttieagplrhey provide scope for both firm level and more aggregate




trade-type studies. Application of interest in trade theory to the issue
should help to sort out relevant issues.

_A final point can be made regarding patent system-policy. International
organizations have pressed strongly for the establishment of international
agreements regarding intellectual property. These agreements are designed in
part to achieve standardization of legal system treatment of intellectual property
rights and to.lower the costs of inter-country recognition of these rights. Impli-
citly, these international conventions seek to provide global (or as much of thé
globe as possible) property rights to inventors in a particular country. This may

* be a perfectly reasonable trade agreement between certain countries (e.g., Common
Markéf countries). We haQe observed in this paper, however, that trade in intel~-
lectual property is a very unequal trade with developing countries having a strong
competitive disadvantage in supplying'intellectual property to developed country
markets. Their inventors do not have the economic laboratories and other re-
sources to enable them to be competitive. |

Ironicaily, nations do not recognize global property rights in non-intellectual
?roperty and regularly intervene in commodity and capital trade markets to acﬁieve
nationalistic goals. With few exceptions, these same nations have joined inte;-
national conventions freely granting intellectuzl proéerty rights to citizens of
other countries. By doing so they have gained some advantages in bargaining with
multi-national firms and in some forms of technclogy purchase. But unless the cost
of "pirating" inveuntions is very high they have paid ﬁore than necessary‘for techno-
logy purchased from abroad.

However, the most serious impact of membership in international conventions
may well be that it restricts the flexibility of many countries to design legal
systems tailored to their comparative advantage, particularly regarding adaptive
invention and the encouragement of indigenous secondary technology core develop-

ment. Petty patent systems appear to be one alternative, there are probably -

others.




FOOTNOTES

1. A study by Wright and Evenson, 1980, reported that approximately 75 percent

of the patents granted in specialized chemical fields (oils and food chemicals)

are subsequently cited as next best ar£‘in other patents. |

2. The legal literature sees this enabling disclosure, which enables or 1nduceé

further inventions by others, as an important part of the bargain in which mono-

poly rights are granted in return for disclosure. (Ecbnomisté, by contrast,

see invention incentives as the principal benefits obtained in the bargain).

3. I will argue in the final section of this paper that membership in inter-

national conventions has been very costly (and unwise) for many countries. The

cost of searching the world's patent and other literature to establish novelty

is high and many small countries cannot adequately undertake this task. Further-
‘more, the gdherence to a strong-intérnational standard regérding the inventive

‘step (3) requirement effectively removes patent protection from "adaptive" in-

ventions which are about the only fypes of inventions -many deﬁeloping
countries can produce. |

4. These classifications are based on The World Development Report, 1580, Viorld
Bank, ‘August 1980.

S. Patenting abroad is influenced by cost considerations. The European countries
have recently introduced the Europatent which enables low cost patent protection
in a group of member countries.- This legal instrument will have important impli-
cétions for future data interprefétion but has nad little impact on the data
reported here. Proximity of markets i; also a factor in pétenting abroad ~ parti-
cularly in the case of Canada and the United States.

6. Table 4 igdicates that a considerable part of patenting abroad by The Planned
Economies is in other planned economies although mosf are granted in industrial-

ized countries. The planned economies also have ratios of patents granted to




sciengists and engineers that are comparable to those in industrial countries -
see Table 9. .
7. Such data are now becoming available from the International Patent Docu-
mentation Center, Vienna, Austria. Patenﬁs can be classified by Inteénational
Patent Class (IPC). A concordance between IPC and Standard Industrial Clas;es
has been made by INPADOC. F.M. Sherer (1981) has questioned the value of such
condordagces, but for reasonably broad industrial classés they may be adequate.
8. See'Tabie 8 for data from several QOECD countries in Royalties and Fees
receipts and payments. |
9. _The data utilized in Table.6 are summarized in Science Indicators 1980 (1981).
10. The reader should bear inh mind that some variation in patents‘granted is due
to changes in the "backlog" of patents applied for but not examined. A decline in
patents granted in. period T due to an increase in thg backlog will produce an
increase in patents granted in a later period. 1979 was a particularly bad year
in this regard in the U.S. Patent Office and patenting was low because of an
increase in the backlog. The 1979 data for the U.S., U.K. and France are not
used in any of the calculatibns made in this paper because of this problem.
11. The Kravis, Summers, Heston purchasing power parity exchange rate is designed
to enable better comparability of incomes between countries. The real costa-of
undertaking research may not be closely related to the real costs of producing
goods generally. We do not have an ideal deflator for R & D spending in any single
country and obviously no ideal deflator exists to achieve cross-country compu;a—
bility. This paper does not attempt to_d;aw strong conclusions from cross-
country comparisons as a consequence. They are reported as a matter of convenience
(but see footnote 12).
" 12. This inferenc; requires comparability in the réal dollar conversions. While

expressing skepticism about conversion rates (see footnote 1l), one can probably

say that the problems are less serious for this group of countries than for wmost

others.




13. UNESCO Statistical Yearbooks provide data for available years and it is
not possible to match up the data for all relevant years. Simple interpolation
was used to fill in missing years. The classification of R & D and S & E data
by type of performing organization is also subject to some differenceé between
countries. Pe?sonnel " data are classified as scientists and engineers, techni-
cians and other personnel. Thé inclusion of technicians in the daﬁa reported in
Table 9 would not have altered the results.

14, A simple regression:

LN(PN/S & E) = bLN(R & D/S & E) + country and time dummies was run for each
country group. The b coefficient was positive in ali cases (usually 7.5) and
greater’than its standard error in all but the slow growing industrial countries.
This indicates that R & D data are measuring real scientific resources rather thah

scientists' and engineers' time. The time dummy coefficients were similar‘to those
reported in Line 6. ~
15. The problem of shifts between industries is‘particulérlyiproblematic for
such comparisons. _ |
16. Kislev and Evenson (1975) applf a simple search model to R & D processes..
Such models require some enrichment but may be a useful starting point for
further study.
17. See the paper by Edwin Mansfield in this volume.
'18. Pakes and Shankerman - this volume.
19. 2Zvi Griliches (1981) discusses a number of the relevant issues. Some of
the papers in this Qolumg - notably Mansfield (1981) and Ben-Zion (1981) reflect
concern for these points.
20. The'tichest data set is that provided by INPADOC, Vienna, Austria. Patents
by IPC for some So'gountries are now available for recent years. One can tracé
families of patents (i.e., the same patent granted in a number of different

countries), firm assignments are available and data on renewals in countries

requiring this can also be viewed.
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