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\ \ ABSTRACT
\

4 The first objective ij to analyze the decisioﬁ to invent as an
\ N

xwonomic decision and to apply microeconomic thcory to this problem.

v »

i s s s A . ; e
The second objective is to attempt an empirical-analysis of the distri~

butiion of ,patented inventions among the manufacturing industrias of

*
.

six tountries in terms suggested by the economic theory of invention,

N . + ﬂ
. N -

«Inventions were found to be strongly motivated by perceived

2

profit ‘upportunities. Demand and social need for invention, or the

[(> cost-red cing effect to scientific knowledge complemented by the ins-

titutional environment, are the main eeonamic determinénts}of inventive

* ' L
activity, (| The present approach considers expected proff?gto be a func-
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mpirical model suitable for a cross-section regression ana-

lysis develop% an invention function relating the mumber of patented
»

d

inventions by {industry to the level of profit maxim1ziﬁg R and D employ-
- l .

. ment and other\variables. The model is estimated 5? the two stage and
| -
ordinary 1east5§quares methods. Its main conclusions are:

[
W ~

1) The outpu? of patented inyventions is a-log-linear function of em-
) ployment in applied research and development,

2) There are significant interindustry differences in employment of
\ R and D; highly concentrated industries employ more labour in-de1

‘ velopment and less:in applied research than other industries.

#Interindustry differences in output of patented inventions are
insignificant, oL, .

1w

3) The fact that R and D employment in Canadian industries is short
of the level predicted by the r€gression is partially explained
by foreign control. . :

# R

4) The ratio of patents awarded to nationals/patents awarded to fo-~
reigners is clogely related to export/import performance, and,
. in Canada, to foreign contrdl as well.

s 1
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‘ The importance of economic effects of technological change has J¢’/
» - Y M
always been recognized by economists. However, the cconomic determinants
T P ) ) '

of technological change and especially the economic determinants of in- "\

. Y, . : . s
vention have received much less attention. Téchnical invention is for | )

.
v 5

most economists toggy still the exogeneous variable 1t was td Schumpeter

half a century ago when he considered it "... just as relevant as siy, -

. 1 v
climate,. . , - .

/s

5 s

There is, however, a growingsbody-of literature which explore
s 3

0

A3 » » -
anvention, and technological change in general, as an economic activity. -

. .

ar! *\\
Contributions published before the year 1959 were surveyed in an excellent
- " I3
%
article by Nelson.2 ' ! .

r -
>

+ , Inventions ﬁeT% found to be strongly motivated by perceived profit

.~ - N < v 1

opportunities, so that the demand and the cost factors play major, roles. " Iy

The majority of the%contributions stressed either the demand and soczal nee&- ’

A
i

for invention or the cost reducing effect of the scientific kndwledge pre-

- -

-

féqp151te to invention, as the main econamic determinants of inventive ac~

. _— d
[ ] a
tivity. This demand or supply orientation served as a ggod criterion for oo
» 4 * -
. . .
“ 11 * L 4

- 4 N H

1 J. Schumpeter, "The* Instablllty of Capltallsm" Economi¢ Journal, (1928),

reprinted in N. Rosenberg, The Economics of Technological Change, Penguin
Modern Economlcs Peadings, (Penguin Books Ltd,, 1971), p. 32. . -

2 R.R. Nelson, "The Fconomics of Invention: A Survey ‘of the therature"

The Journal of Business, vol..XXXII, (Aprll, 1959), pp. 101~ 127. .

- 12

3
.y

bl
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the organization of the survey 1 although the onesided deterministic char-

©

acter of most of the contributions reviewed was ériticized by Nelson, who

¥

concluded: "Thus 1t appears that conf%%?pg; of Fust and demand may be as

important in explaining invention as in explaining the rate of output of
a firm or an industry." 2 y : T .

A ‘

Parg of the li;erature published after Nelgpn's article contjinued
the debate along the same lines and can be again labelled as demand or
supply orleﬁteq. On the other hand, the phenqpenal postwar rise of the ,
industrial R and D activ1§y was followed by several attecmpts to analyze

the relationship existing among the economic determinants of the R and D

- @
- ¢ i

activity and inventive output. P

‘e present first the most.important recent contributions to the

H
demand oriented appronach, then“the contributions to ;hpﬁj@&e of scientific
¢ b ad

» * 13 -
and technelogical knowledge. The brief suivey is concluded by considering

3

studies of inventive activity and 1ts relation to industrial R and D.

1

o

1.1 Invention and demand.

£
3

According to the demand oriented theory, inventions generally occur

1

through the addition of details rather than as major breakthroughs, and
their main cause is social need manifesting 1tself through perceived oppgr-

tunities for private profit, The second important factor in the demand

€

oriented approach is "learning through experience' which is believed to

-

be responsible for the bulk ef the “improvement" inventions that follow

1 gAY 2lso explored other aspects of the inventive process which

~

e e A et g
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the breakthrough of the basic invention. In the original form,1 this v

theory went as far as to consider inventions to be an automatic and ine- .

o

vitable outcome of social pressure.
-} ‘ ‘
The economic theory behind this approach was discussed rec@%&?y;

o id

by Schmookler 2 who claims that the’expected value of solutions to tech- {

¢

nical problems guides, mventive actlvzty, both In thie case of the corporate
c

inventor as well as in the case of the independent 1nventoq.

* According to his theory, inventors act as comscious profit maxi- ,

e

? . -
mizers. Given the market share of the firm in m?nopolistic or oligopolis-

tic competition and given the cost of invention, the number of machines 1t

Y

will pay to invent will vary directly with the expected size of the market.

There 1s, however, no reason to accept Schmookler's assumptions of constant

"

market share and coﬁStant, indeed negiigibie, costs of invention. Oligoﬁolis—
tic competition depends on product differentiation and its main objectiVe is
to increase market share. Only in a few'ollgOPJIisth_industrles does the

situation correspond to.the assumption of a constant market sharer and even''

¢ ‘ 1 ©
.

in these cases the firms engage in inventive and innovative activity in ordq;‘
not to lose their share of the market. This remark is not intended td deny

Schmookler's claim that profitability is a function of the overal{;size of ™

- n

the market, but tather it emphasizes the fact that the assumption of a cons-

tant market share is unwarranted and therefore it is not useful to concen-

¥

+“trate the argument exclusively on the size of the market as does Schmooklgr.

z

. '
~
1 S.C. Gilfillan, The Sociology of Invention, (Chzcago, Follet Publishing
Ca., 1935) .
2 J.KSchmookler, Invention and Fconomic Growth, (Cambridge, Mass., Harvard
Universaty Press , 19606), i .

34

-
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. Asvfcr the cosfﬁ‘f inventive activity, 1ts importance rises in the

L s LY e,

casc when the marhet size qand shafe.are relatively constant. This seems
' . i * .

2 & ’,. ol - - un L3 -
to be the case of most of the "older"‘estabixshbd oligopolistic industries,

€
ot g »

where the size of the market grows only W1th the expansan of total econg-

e

Al

-

b G - Tae

mic act1v1ty‘and-nherc the nquet shares are given, elther by th¢ non-com-

pet1t1ve cllmq;e or hy the, antxtrust regulatlpns. An example that suggests
@ . - "f

1tself is the Unfted States steel 1ndustry. "We hould expect the cost of

- € e

¥

;nvent1ng to be relatively 1m§ortant ‘in such casus. We shall qpturn‘%o the

-
M Y s : re *

questlon of the cost of 1nventlons in the néxt sectlbn. Pcrhap§ a still
more fundamental problem concerns the general 1nterpretat1en of the profita-
bility formula. Can we really assume, as Schmookler does, that an inventor

has an almost unlimited choice as to what technical problem he decides upon

to concentrate his inventive >ffort? If it is so it would imply that an
. , N ‘

mventor is free to choose the industry of his interest as a function of
its profit expectations. This assertion seems to.be simply too strong to

be acceptable in today's highly specialized industrial society.

6 - r

it ¢

Schmqokler‘presenis his' theory as an explanation of the time series

data on United States investment and patents in the ¥ oad industry. The

data indicate a close association of the two varjables, an according*to

Schmookler's interpretation, the peaks in the investment series tend to

>

EY o

' S

¥

precede thoseé in the patent series. Further aﬁaly51s 1nc1udes other econo«////

mic variables such as stock prices and the output of the railroad industry.

N k4

Schmookler concludes from a visual comparison of the relevant time series:’

» ¢ 3

- -

- "

Thus, from these long swing comparisons three:

* dominant impregsions emerge: a) as with their |
trend behaviour, patents in the field tend to .
oscillate synchronously with the two economic |
variables; but b) at the same time patents tend
to lag behind the economic variables at turning .

-
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‘

P . .

. found a high degree of correlation in most cases (r2 > 0.9) between patents

' ! . i
. ' ’ oA
» - . ' » -
: 4 » .t , 5
. ¥ b \
- pokpts. Mércover, o) these vrelations between -
e railroad patents and .econpmic variables seem to !
M have been rclat1vcly iniriant during a century !
e in which drastic .changes occured in the American ’ .
socicty generally, an inventive activity itself, ‘
o, and in the railroad industry, which moved from }
" an unregulated to a regulated status and from -

growth to décline,l H

{

< v o

LI ‘
€

/ ,Hoiever,® the eyidence on which these generalizatidns are based is o

LY . .

less than cbnvincing. As Sanders 2

il

pointed out,. the economic variables :

- t
series lead the patent series only nine times out of nineteen: five times

#
.. they are the same and five times they lag the patent series. However, when

the series.are adjusted to take into accodnt the average time lapse from

concebt1on to development of a patent/ as presented by §3nders, the situation

changes drastically. The patent sgries lead 16 times, they are the same in

LY

two instances and the economic series leads in only one instance. A similar .

criticism applies to other tables presented by Schmookler in support of his
-
According to this criticism the time series results can not be ac-

P

cgpted as valid, unquestionable evidence of the theory considering invention

theory,

to be caused solely by demand of by the extent of the market. /

As for the empirical evidence of the cross-section data, Schmookler

«

. H
B

.and investment in different industries and concluded from this that the

-

direction of causality is the same as in the time series, that is that s

one.percentage ingrease in investment leads to one percent increase in in-

”

1 J. Schmookler, op, cit., p. 120.

B.S. Sanderga Commentary on "Invention and Economic Growth', IDEA, veol.
10, no. 4, (Winter, 1966-7), pp. 487-508.

4 »
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" The very high correlation coefficients would imply that the in-

o™

veénters have been able to react instantanceously and very accurately to

. ‘ ) )
the variations in investment. In many cases where the actual time lag

k] -
between patenting and investment exceecds'a period of three years, the in-

»

ventors must have had almost perfect foresignt as far as future investe °

ment or future market conditions in the industry were concerned. Can’ we
> \ " ke

accept this unlikely degree of economicNintuition .on the pait of "inventors

and their erployers or should we question the validity af the ‘findings

/

and their_anterpretation?

f
t

1 . ’

L v ]

e used Schmookler's data for an additional analysis with the aim -
of ascertaining whether or nct they lead unambiguously to his conclusionms.
’ ¥
The evidez;e of his/ cross-section data does nct exclude the Possibility

4
that the high correlation between investment and patents reflects rather -

J/ *
.
'
v

-

» 1
r -

h-ad - -
Schmookler’s regression equation exhibited in both cases a regression
coefficient close to unity.

' log,Patent = 1.174+ 0.927 log Invest. 2 = 918
1940-42  (0.080) (0.070) 1939
' log Patent = 0.598 + 0.940 log Invest. % = 905
A

1948-50 (0.116)(0.070) 1947
J. Schmookler, op. cit. p. 144,

v e ————
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the rélationship between the size of industries and their patent output.1

L4
*worth noting that this claim 1s in contrast with the largely accepted

&

- It "1s therefore difficult to accept the claim that the patents are tunc-

LN -

£

¥ El
\/'» - s ’ [
The: influence of the size of an industry on the value of the re-
- N 10 P

v
-

gression coefficient of the investment variable was also reported by

§5he§et.2 .vAlthough Schmookler found that®ekere is a high level of asso-

ciation between the number of patented inventions iy the given year t,

and in the previous yea}ﬁ,'be rejects the pogsibility that the present

v a

1nvestment ﬁay be result of inventive activity in the recent past. It is

Schumpeterian theory of business cycles dependent on major innovations. ’ '
t -

» - .
. & *
¢ 4

5

s
-

Investment and size (an terms of employment) are strongly intercorrel-
ated ) - ‘
. - 2 .

. Invest.39 = 10.2 +2.06 Empl.39 R™ = 0.76

v (7095] |

’ tions of invessment dnd not of the size of th¥iindustry. When the paients
are regressed on emplPyment, the regression coef¥icient for the employ- :

nent variable has ba§}pa11y the same value as the,one for the investment

variable. Both are equally significant. . o
Lg Patent = 1.1+ 0.927 Lg Fmpl. R? = 0.73 ,
(7.11) . . .

revealed that the regression coefficient for the investment variable

g 1R Schmookler's equation was only 0.63 for the big 4ndustries (first ten
industries ordered according to employment size) but increased to 1.25 s !
for the small ones.y¢-This shows that the alleged one to one correspondence °
between an increase in investment and in patents for capital goods can
not be taken very seriously. It seems that the numerical value is rather
a result of the particular mill of industrres and may also be attributed
to the influence of size of employment as well as tb investment. The )
data used for these calculations are from: J. Schmookler, op. cit.

" p. 142, .. . .

2 Scherer also found that the smaller industries have higher values for
the regression coefficient of the investment variable than the larger
ones, F.M. Scherer, "Firm Size, Market Structure, Opportunity and the

Output‘yf Patented Inventions', A.E.R., {December, 1965), p. 1121.

/
(

\\\; The Goldfeld - Quandt test for heteroscedascity was inconclusive. It
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According to Schumpeter “ . o,
[} & o

The kind of wavd = ike«movement, which we v S

call the busine -fh;kle, is 1nc1dent to in~

dustrial change jand would be 1mp0551b1e in an

econamic world displaying nothing except un-

changing repetition.oi the product1ve and con- °

sumptive process. Industrial change is due to

the cffect of outside factors, to the non-cyclical »
) element of growth, and o innovation. 1

What are the implications of our findings? The first is that we

o

*

cann;t reject the possibility that the number of patents granted is simply
-3 functié;lt ’f ~the industry size, which mE?LQngmmsured_by.iuﬁb5tment, employ-
ment, value ¥dded or shipments. Thzéwaoes not exclude the possibility that «
the underlying cause is demand; at the ‘same time,- it is also compatible

with the hypothesis that the number of patented inventions is a functlon

e, ¢

of the number of workers deaZing with Ehe problems connected Wlth production

~ L4 ( . N .
in the given industry. ; ‘ ” .
. . < , -

L -

Thus we cannot accept without reservation Schmookler's claim that

- -

3

his empirical evidence is "..fundamentally consistent with the spirit of
&
the theory advanced here, namely, that industrial distributiod of invest-
i ° . . . ‘
ment substantially determines the industrial distribution of capital goods

. . 2
invention."

¢ . .

J.A. Schumpeter, "The Analysis of Economic Change', The Rewiew of Econo- &
mic Statistics, (May, 1935), p. 5

J. Schmookler, op. cit.,p. 149. ,

We have concentrated our discussion on Schmookler's last major publica-
%ion, i.e. his book Invention and Economic Growth, which® represents

his own synthesis of his numerous previous contributions to the theory
and empirical analysis of invention. We do not review, thercfore, the-
se previous contributions. Most of the previous studles and a wealth

of previbusly unpublished empirical data on paténting were posthumously
edited by Griliches and Hurwicz and published as:

J. Schmookler, Patents, Invention and Fconomic Growth, (Cambridge, Mass.,
Harvard University Press, 1972}.
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. In a recent critique and analysis of Schmookler's demand oriented
. ~
thesis, Rosenberg pointed out the essential problem in Schmookler's argu-
ment:; "The role of demand side forces is of limited explanatory value

unless one is capablé of defining and identifying them independently of

the evidence that the demand was safisfied.“l Rosenberg stressed that

inventions are not equally possible in all industries and that they depend .
£ =

also on the state of science which determines the cost of inventive ao-

‘
a
’

tivity. - v

1.2 JInvention as a.function of scientific and technological Lnowledge.
* ‘ '

This school of thought, widely accepted, considers invention as - .

being determined by autonomous development of scientific and technological
According to one of 1ts best known proponents Ogburn,2

Tn his view, the carrent hreak-
L

Lnowledge. social

mather o f

imtent 1on

v

througﬁ!\iibknowledge make particular inventions, prev1ou§1y impossible <

or extremely difficult, easy and natural., . .

il ‘}’

A more penetrating assessment of the role played by scientific

"
*

and technological lLnowledge in’the 1nventive process¢is given by Usher,3

L

who presented an integrated theory of inventive activity. Invention is to

' . » .
him a process rather than an act, the stages of the process being:

'
«

»

N. Posenberg, '"Science, Invention and Economic Growth',
Journal, (March, 1974), p. 97.

As the data.of publication indicates, I was not aware of Rosen-
berg's.article at the time when I wrote first version of this thesis.

His arguments support with historical evidence my cr1t1que of Schmook- ‘
ler's approach.

WS Fe Ogburn, Social Change, (N.Y., Vlklng Press, 1953)

A.P, Ushex, "Téchnical Change and Capxtql Formation", 1n Canxtal Form-
ation and Fconomic Growth, (National Bureau of Fconomic Research, 1955),
pp. 523-50, . , ’

The Economic

L3>
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1) the perception of an unsatisfactory pattern .
2) the setting of the stage T . > '
b @ % o

3) the primary act of insight - . ) " . ', .

- . ¢ r » o

' 4) the critical revision and development. * - h
l\ ’T: o k‘ - ‘
In his own words: < :

New problems emerge hecause some 1nadequacy»of existing
hnowledge or of current modes of action 15 perceiveds :
Existing skills are seen to be inadequate. Some ° -
R measure of failure in the pérformance of an act of | i
shill touches off a sequence of invention.: ‘If stage-
. setting is deliberately undertaken by systematic ex-
- perimentation, acts of skill enter at this act too,
but not-too clearly. After the maJor act of insight .
has accured, critical revision and development involve

a very intimate interweaving of minor acts of insight . Y
. and acts of skills per ormed at high levels by persons .
of special training.l -
% | .
Usher's perception of .nadequacy cannot ‘be interpreted as ‘the unique cause
1c o = - w
of inventson a3 in the "mochamistic! theorios of Gilfillan'sr ggbvrn Ac-

cording éo‘Usher, Viiﬁdéquacy" is on}& the first Qfgp in a cumulative pro-.
. - [}
cess’, which 4s not reducible to 4 single identifiable cause. Invention
itself ceasesqto be a separate element” as it is in the Schunpeterian sequence
« . ¥ s “ .
of invention, innovatloq, imitation, for Usher integrates invention into

the sotial process by which new things are creatéd. The roles of various

3 ¥ *

N [
actors 1n the inventive process are no longer independent. The scientists,

inventors and entérpreﬁburs\are interacting in this model in a way which is

B [

very close to the reality of, today s science oriented 1ndustr1es where it

2
¥ t »

1s virtwally imposs¥ble to dlstlngulsh the 1nvent1ve&act1v1ty from the

¥
Schumpeterian innovative activity. Knowledge, applied science and tech-

w

nq;ogihal research piﬁy a very important and explicit role in what Usher

o >
= T
2 n

w '} A

1 Ibid, p. 528. LS

b




» “ - a

call¥ "the sctting of the stage" and in "tlie critical revision and de-

* . L3

veiopment" “Although has thcory of cumuba;1Ve synthe51s lcndlng to ih-.

2
5

ventions 1s not Qgeratlonal in ,the sense that xtfdoee not permit one to .
Yo, “ s
predict the gourse of technlcal progress a$ thé mechanistic theories prew

v

tend to do,mit appears to be more realistic hecause if indicates that the

%

e a

agources of invention are many and various, that inventions are necessarily

* b -
s

of dlffcrent orders of 1mport1nce and that particular rnVenc1ons are to a’
» L &
« o4 I

great extent uncertﬁfn. ’ .

L g
. £

an analyéis,bf economic determinants of inventive ébtivity. The and D-

- Fd
effert is essentlal for "sett1ng the stage" and 1n the Vcritical T ¢r§1on"

stage. The 1ntegrat10n of 1nvent1ve act1V1ty with production and enter-
1

@

preneurial activity explains well the creation af second and third order

[

RS

1s preseﬁg throughout the pm™ocess but 1t is no longer the prime and sole

cause as 1t was in the deterministic demand oriented approach.

® "
. e

-

Another attempt to replace the deterministic theory of technical
Dch;nge and invention by a more syﬁéﬁetic aﬁproach was made by Siegel,1
. .
who also rejected the Schumpete;lan lTinear sequence from invention to in-
nbvayion and imitation. He repiaced it.b§ a broad spectrum of information-

-

creating processes ranging from scientific discovery to the application of )

new technology in production processes. He admitted that the cconomic and

social factors play an important role but he rejected the single factor

- L

theories of invention. .

] u
a

1 s
1 T.1. Siegel, "Scientific Discovery and the Rate of Invention", The Rate
and Direction of Inventive Activity, National Tureau of Econnmlc esearch,

(Princeton University Press, 1962), pp 441-450., /
. vy . s "
© e

b d *

11

imventinne vhirh cnnsfzfnfaﬁ;;?'hulk nf mateAntad 5“Vﬁ!‘innﬁ Fronomir demand
.t - '
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Sieg®1"s critique of theories which simplified technical change

4

was praised by another historian of science, Kuhn,1 who also joined Siegel
in rejecting the Schumpeterian sequence, llowever, he criticized Sieg

for not® differentiating between science and technology. Accordlng‘to Kuhn,
science and technology in hastory figurashed at different times in the

same places and in different places at a same time, Although both science

and technology depend on a common pool of existing ?nowledge and i turn

ed back into this pool, thlere are important distinctions between the two.

v LA 3
s There is; also direct interagtion between them as in today's science based

¢ / e
industries,

A3
»

The welfare implications of basic scientific research were studied

bz.k‘elson,2 who claimed that owing to the free access to scientific in-

formation the margainal value of scientific research to society is greater

.
than dts mnrginv1 wralue tn the indriidnal who Pavs for 1t Therafore, ac-

o«
1

cording to Nelson, the pr@vaﬁe sector is likely to underinvest in basic

scientific research. To the extent that inventive activity ‘depends upon

i
»

. scientific and techndlogical knowledge triggered off by basic research,

the under;nvestment in ha;ig research by the private sector will be prejudi-
cial to inventive activ1t;{ Arrow > came to a similar conclusion from an
analysis of resource alloéation under the conditions of indivisibility,
inappropriability and uncertainty that are characteristic of inventive ac-

tivity. 1In addition, he demonstrated that the incentive to invent will be

@

12

/

1 T. Kuhn, "Comment", The Rate and Direction of Inventive Activity, National
Bureau of Economic Research, (Prlnceton Unlver51ty Press, 1962), pp. 450-
57.

2 R. Nelson, "The Simplé Economics of Basic Scientific Research“ J.P.E.,
(June, 1959), pp. 297-306. <’

3

K. Arrow, "Lconomic Welfare and the Allocation of Resources for Invent-
ion", in The Rate and Direction of Inventive Activity, (Princeton Uni-
versity Press, 1962), pp. 609-25.

o

-
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smaller under monopolistic conditions than under competitive ones. e

- i

L - "

The relationship between basic and applied rescarch is one of de~ -

. i

creasing uncertainty. The objectives of applied rescarch are closely
* z
constrained and applied research is undertahen only in cases where there

is at least some underlying scientific knowledge that-indicates the at-
A ]

tainability of fﬁe ob;ectives. Nelson grgues that: . .
¥

¢
¢ ~

Applied researth is relatively unlikely to result .

in significant breakthroughs in scientific know- .
ledge save by accident, for, if significant break-
throughs in scientific knowledge are needed before

a particular practice problem can.be solved,, the
expected cost of achieving these breakthroughs by

a direct research effort are lilely to be extremely
high; hence applied research on the problem will not

be undertaken, and invention will not be atteppted.l .

Nelson does not attempt to predict the relationship between basic

and applied research, except that there should be a positive correla-

tion between basic dnd applied research in the firms and industries en-

Py o

»
gaged intensively in basic research. Brozen 2 went further than Nelson

and suggested that in general: '"we may expéct that an industry Laving to-

] &

day higher average basic rg&earch will have in the future more of applied
research". Accaif%ng to his analysis, e interindustry differences in R
and D and consequeﬁ%ly'in inventive output are chiefly outcomes of differ-
ences in the underlying scientific base and resulting cogis of inventive

activity. ‘

- The complex inteription existing between science and technology

~n modern industry is best illustrated in case studies of recent ihportan€

Y “
»

)

- ”

R. Nelson, op. cit.,p. i54.

Y. Brozen, "Trends in Industrial R and D', Journal of Business, (July,
1960). .

o
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z‘mventlons. In this respect a Very fﬁ%&ce of references “15 the

work by Jewkes L. N/ 1son's casmdy\oﬁ\the discovery pf tHe trasistor
-
effect and of the 1nyent1on of the trans\l}torz iliustrates very well the

-

u ’

interactidq of economic factors mwth the direction of scientific research.

He concluded that the direction of science is not independent of écopomic
. ¥ , R .
and social £ but the in eract:.on is of different intensity, stronger

in some fields, weaker in otheyps. Economic ‘ctors affect the development

-

of science to the extent that the industrial institutions of R and D con-:

v
»

centrate their research effort in areas where the importance of practical

* »

,
ad -ances is great. The case of the transistor shows that there was no
] » =

- *
"

question of a préex«‘ing demand for the new product in the narrow sense,.
; . .

It was the scientific and technological progress that created the new de-

wed oo "~ - - P~ -t o e - re. . Ty = 1 - - 1 I}
vices bascd on the transistor eflect that Leécawe esseuclal producis uf
~

1
) [

the modern electronic industry. CR

-

One limit in the range of opinions on this subject is the one-
-+
4

. [ ~ - o b - Py > .
sided "demand oriented interpretatien of scientific and technological pro-

gress' aof Schmookler.3 According to his view the .development of basi¢

2

science during recent centuries was distributed among fields roughly in

AR

accordance with demand. This interpretation of the role of science has

-

I3

1 Although this book was included in Nelson's survey of literature, it is
worth mentionning here because its latest edition is énlarged by recent
case studles. f
J. 'Jewkes, D. Sawers and R. Stillerman, The Sources of Invention, 2nd
edition, (New York, W.W. Norton & Co, Inc., 1969).

2 R. Nelson, "The Link between Science and Invention: The Case of the
Transistor", in the Rate and Direction of Inventive Activity, op. cit,

3

J. Schr}:ookler, "Catastroy;he and Utilitarism in the Development of Basic
Science", in R. Tybout, Econom:.cs of R and D, (Ohio State University
Press, 1965). ‘ .

»
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elsohn1 and\Knanzbergzxgmong others, The opposite

b -

limit 1s the belief that thWpath of basic science is completely indepen- o
¢ e -

dent of economic, politicalﬁand‘social’fhflyences. .

1.3 Industrial R and D and inventive activity. *

i )

The organization of inventive activity during the last one hundred.

years underwent a change not less spectacular 'then changes in other spheres
" bl

t
of economic life. The independent inventor who was by far the most impor-,

P

tant creator of invent%ons even at the beginning of this century, has-been
replaced today, to an important extent, by organized research and develop~

ment activity employing teams of scientists and engingers. However, the

R -

quantitative importance of the independent inventor is stili far from ne-
- t

ar

gligible, Estimates for the United States incicate’that im 1958 about 40

peri:ento of all inventions were created by the independent inventor, compa-~
L4 - .
red to 82 percen. at the beginning of the century.4 Beside their continuing

presence in the inventive ‘field, inlependent ihventors are believediko be
-
s * 1
st1ll responsible for a majority of the technically and economically most im- -,
¥ ~
portant inventions.s Industrial R and D appears to be mainly responsible for

£
the "run of the mill" or improvement inventions. Although the ihportance of

£
hd L]

1]

v E. Mendelsohn, "Comment on Bahrdt and Schmookler", idem. ‘ ¢
2

[

M.‘ifanzberg, UComment on Bahfét ég. Schmookler"™, idem.

3 R.k. Nelson, M,J. Peck and\E.D. Kalachek, Technology Economic Growth and
Public Policy,(Washington, B.C., Brookings Institution, 1967). g
1 1. Jewkes, D. Sawers and R. Stillerman, op. cit., p. 103. —
5 D. Hamberg, "Invention in the Industrial Research Laboratory": J.P.E
_vol. LXXI, (April 1963), pp. 96-115, °.
" !’
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basic inventiohs foyr the cougég 9? technical change is incontestable, it
1s difficult to\asgess correctly the qualitative contribution of the im-

provement inventions which in thejr cumulative effect may “be of substan- }

°

tial imporghnce to societly. Hamberg identifies three main causes of the

-
o

relative ineffidiency of organized R and D: (1) Firms have short gerﬁ,
. - , objectives for«their R and'D and try to minimize risk by concentrating

'
¥

on, les’s revolutienary and therefore less uncertain R and D projects.
‘ 4
(2)§Th sources of 1deas for the R and D’are mostly outside the R and D

;abgratories,1 often coming from the sales department and this is believed

. to lead to the improvement of existing products rather than to experiment-

. AR . N < . &L
8 .. '¥ 1ng with new ideas. (3) The influence of vested positions and in general

» . ¥ s ] ’

the dubious efficiency of teamwork in a creative activity reduces productivi-

5 - 1 I'd

. ty. .

l \ A -

- &
- - o

. }/,/ The alleged sources of reduced productivity cf organized R and D

support the view that there are also likely to de diminishing returns as-
v g

sociated, with an ‘increase of the R and D staff as far as the numerical

i

. . 2
output of inventions 1s concerned.” :°

.
)

Organized inventive activity is performed by three types of ins-

w

. © titutions: the R and D activity bf the business sector, the government

.
A o
- ”

1 v . €

\ -

& -

There seems to gxist important interindustry differences in the im-

portance of the R and D staff in the role of originator of ideas for
, further R and D. - In the science oriented industries, the proportion
. . of ideas coming from R and D staff 1s’ rclatively more important than
in the more traditional industries,

1

. ’ 2 Empirieal evidence of tdecreasing returns to scale;paé found by F.M, f
\ Scherer, op. cit., pp. 1112-1113. ' i

«

1

»
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rescarch institutes, and the non-profit rescarch institutes such as’founda-

- T

tions and universities. We a)mit our discussion to industrial R and D

’

because it is the most important source of inventions and because it is

the main preoccupation of our research. .

~
-~

+

The objectives of a typical R and D program are broader than the"

L
.

creation of inventaions. They range from pure scientific research under-

taken primarly. for the advancement of scientific knowledge, to the de-

a0
e a a, 4
a a "

velopment of improved or new products or processes, The wide -scope of
- ‘ ¢

- @ )
1 o —

objectives of R and D activity lead to an attempt to distin uisH‘threé,. o W
y gy I{ » g ¢ .

‘ 0 s
5, ° °
different components: ‘ N . ‘

1. Basic research: hork undertalen primarly for the advancement

<

. '

s < e

R Sy

of scientific knowledge, without a specific application in view. “ ., \\

W
e °

2. Applied research: The same; but with a specific practical ’

3 @

33 A
aims in view. « ‘ N ® N

3. Dev:lopment: The use of thé results of basic and applied re-~ e

¥ @
< ooy

a

Y
5

r
systems and processes, or the improvement of existing ones.” . N
r q o

search directed to the 1ntffduct104 of useful ,materials, devices, products, -

¢ ‘ . . ' q ‘:i"w -
\ . ‘%‘*; - £y o
It is, However, impossible t0 identify unambiguously inveptive ac- -
# v N
tivity with any one of the three main components of R and D. The bulk of

invenfions comes from applied research and from develobmgnt but there are

o

. o ! .
important differences between industries and firms so that any generaliza-

tion or attempt to identify inventive activieg with one of the components

i 1

W 0

These are the definitions used by the OECD.
OECp, The Overall Level and Structure of R and D effort in OrCD coun-
tries, {OECD, Paris, t967), p- 32.

£




-

¥

4

’ - f

of R and D is not very'satisfactory,1 .

a
= 13

The problem of definition and measurement of inventive inputs and’

a4

output has not prevented several attempts to guant1fy the relatlonsh%p
existing between R and D and the output of inventions. rMnéfield 2 cens-
tructed a model which predicted the level of a firm's R and D expendi-
tures as a probabilistic function of the expected raté of retu;n of the
proposed R and D projects, the level of sales, pas:nrofltabxllty, and

g&
the past R and D expenditures. The model was tested for a limited sample

. of big firms 1n the U.S. Ste€l,\chemical and petroleum 1ndustraes and

<

performed very well. ®When the number of significant dnventions created
T . .

by the firms was regressed on the P and D expenditures and the size of

the firm's sales, " the P and D and sales explained significantly a vefy

1

high proportion of the total variance. The largest firms exhibited lower

inventive output'per dolldr of Fwand I andionly in ¢hemicai industry did
¥ )
t

an 1acrease in R and D ezpehditures result in more than proportional in-
f

creases in inventive output, in’the remaining industries there being no

=

’

evidence of economies orj dlseconom1e§ of scale.
/ N

- -

Scherer tested Schmookler's dermand pull fheory’bx regressing the

»

nuprr of patents awarded to 352 firms on the level of sales. He found

[

1 According to Kuznets, the inventive input is the applied research.
This view was criticized by Schmookler, who 1dentifies the inventive

activity rather with development.

S. kuznets, "Inventive Activity: Problems of Definition and Measure-
ment", in The Rate Direction of Inventive Activity, National Bureau

of Fconomic Research, (Princeton University Press, 1962).

J. Schrookler, "Comments", in The Rate and Direction of Fconomic Ac~

" tivity, (Princeton U'niversity Fress, 4962).

') I
E. Mansfield, "Industrial Research and Development Expenditures Deter-
ninants, Prospects, and Pelation to Size of Firm and Inventive Qutput",
J.P.E., (August, 1964). n

ot =
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: the expected positive association accompanieds? jowever, by important

At et o5 e AR i
-
o

-

i ' . ,
, interindustry differences, which e associateq] jwith "dynamic supply con-

- -

, Q
ditions dependent in turn‘upon thé broad advance of scientific and tech-

o

nological hhowledge," ! When fie introduced R and D employment in his mo-

“

.
~

e -

! del, inventive output increased with sales and R and D employment per

unit of ‘sdles but at a decreasing rate. Muellcr found a persistent

?

g ’ high correlation QefWeeﬁ”the number of patented inventions and the level

% : of R andBD exp;nditures for y.s.a}irmsoin several industries. His ob-

! jéctive was to find whethier R and D or any of 1ts components may be used

as a measure of inventlye activity. Referring to Kuznet's and Schmookler's
debate on the measure of inventive aut{v1§y, he foundhthat neither of the

] tvo conflicting definitions of inventive gbtiQity - @ppliéd research and

{ ! development - was able‘consistently to outperform the otﬁer as i predictor

f . . ;
of patenting. Together, however. 'thev performed well. |

1 ’ 4 »,

L) ] Q [
t ) A .
RN . The studies discussed so far were ricrceconomic in focus and eﬁéiri-
o i °
- + ‘ . a2
: . cal in character.: None of them pretehded to be at the same time z general

theoretical formulaﬁion of the efdﬁamic theory of inveﬁt@on 5 created by

the R and D of a business firm. e 7

Various theoretical aspects of inventive activity were analyzed
4 o a

by Arrow,4 Nelson S and others, but the first attempt to formalize the

-

S A oea Scherer, op. cit., p. 1100. - ' . ‘
2 D. Mueller, YPatents, R and D and the Measurement of Inventlve Activity",
: ' Jagpdal of Ind. Fc., (November, 1966), pp. 26-37,
3

; Although Mansfield presented an explicit theoreticil model leading to
the ecohometric relationships. he estimated and Scherer referred to :
Schmookler's demand pull. theory .

4 s as .
o~ R. Arrow, op. c1t., discussed the welfare implications’ of inventions.

]

a activity. , A '

¢

v

R.R. Nelson, op. cxt., analyzed thie role of basic sciemce in inventive i

.

.
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. geometrical terms by Lancaster.’ T have extended and reformulated al- ,

{ ‘ ) , “‘ 2? ‘

cconomic theory of inventive activity of an R and D performing firm was ,

made by Nordhads.l He includes R and D as one of the regular 1nput§

(besides capital and labour) of a profit maximizing firm in a perfectly

competitive market. The firm i§€%upposcd to optimize the use!of g and D '

i1

inputs by maximizing the present value of the firm with respéet to the

research inputs. The optimum level of R and D input 1s determined by the

P
£

<

size of the firm, the marginal productivity of inventive inputs, the price
. e N
; of output, the cost of researck inputs and by the discount rate. The model

T U mdlE e, N gt

is then eitended for the coﬁditions of an impexrfect market for fnventions,
the criteria for the optimal life of a patent are derived and eventually

1

ecohomic growth. The very gener-

. 7

ality of this model males it rather impractical not only for empirical tests

the model is integrated inte the theory of

but also for the explanation of invemtion created 1fi the context of non-
) & u . .
perfect competition, especially for inventions creating new or differentiated

products,,

*
~

On stall a higher level oflgeneralify is a very intérestlng modela !

’ «
oy ”

of imvention in the context of a linear activity analysis elaborated in

€
J geb;aically his model to give rise to a sgy of criteria that have to be

e

hY ’ w»“/ . -
satisfied before an anvention is considered by a firm for commercial ex-

ploitation. In the context of the second chapter of this thesis, these
¥

eriteria serve to distinguish the main categories of inven:tion.3
2 > . . ' . Lol
[ 1 ¢
- Kk W.D. Nordhaus , Invention, Growth and Welfare, the MIT Press, 1969.

2 .

R. Lancaster, "Change and Innovation in"the Technology of Consumption",
B A.E.R., Papers § Proceedings, (May, 1966), pp. 14-23.
3 ! .

See Appendix A to éhapter 2.

wr
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1.4 Market structure and invention

N

'We haye so far abstracted from the effects of institutional
environment /on the inventive process. Market structure affects the

conduct ard performance of firms in géneral and their technological

competijfion, of which invention is the first link, in particular,

Arguments about which institutional enviromment is the most favouraﬁle

té invention are polarized between the Schumpeterian defense of mogopoly

i {
power, and its opponents who claim that monopoly power retards tegh-

&

nical change. This almost century-long controversy was recently eva-

s

luated in two review articles.! Because the discussion covers the whole

¥
process of technical change, we concentrate only on the :conclusions

’
L L

concerning invention. . . .

Ny

Each of the two opposing views ;; undebatable within its own
set of assymptions. Schumpeter.and his followers claim that market
power is necessary to innovatiog{and that innovation i; the core of “
effective competition.2 Partisans of the competitive view believe :
that "where profits on old methods and old products are melted away by

competition, the urge is greatest to seek the profits of new products

N

and methods. Conversely, where profits can be maintained bysmonopolies
3 .

1

and cartels, the urge is less".

-
L

L)

M.L. Kamien and N.L. Schwartz, "Market Structure and Imnovation:A =~ °
Survey", Journal of Econ. Lit., vol, XIII, (1), (March 1975), pp. 1-37.s
J.W, Markham, "Concentration:A stimulus or Retardant to Innovationy"

“in H.J. Goldschmid, H.M., Mann, J,F. Weston, editors, Industrial Concen-
tration:The New Learning, (Boston, Toronto Little, Brown § Co., 1974).

2 £.J. Mason, cited by J.W. Markham, idem,, p. 249,

»

> M.A. Adelmm, cited in J.W, Markham, op. cit., p. 249,

)

-
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The empirical evidence is rich in quantity but rather poor
in clear~cut,conclusions, The difficulty underlying all empirical
: h .
tests is that there is no pexrfect measure either for invention or for

c

market power.

When 1nventive and innovative inputs in the form of R and D per

sales were related to industrial concentration a weak positive asso-
¥
2

¥

ciation1 was found. Scherer” found a positive and significant rela-

°

tionship between technical empléyment and concentration; ﬁowevef,Jwﬁen
interindustrx differences were acco 'ted for by dummy variables,the
explanatory power of concentration was far smaller and less signlficant.
Tae fact that the industry dumﬁy variables took away a significant

portion of concentration's explanatbry power and significance was attri-

buted to the positive correlation between concentration and technolo-

(L}

.

ok

gital intewsiivy uf indusiry., OSiherer suggesied that this
#

S alea 3 1
WMLgat Impay

that innovation resulting from technological opportunity has increased

Y ©

concentration,  According to Scherer and others, there is a threshold

at gbout 50 percent to 60, percent ‘concentration ratio at which maximum 3
< -

research intensity appears, but it tends to decrease at higher levels of |
v

- concentration, The above mentioned studies focused on U.S. data, .Krench

Pl

data3 iﬁd}cated that differences, in research intensity among French firms

4

1 D. Hamberg, ""Size of Firm, Ollgopoly, and Research: The Evidence,",

Canad. Jour, of Econom1cs and Polit, Science, 30 (February 1964), p. 75.

2 p.M, Scherer, "Market Structure and the Employment of Scientists and
Engineers,” American Econ, Review, 57, (3), (June '1967) pp. 524-31.

t

W J. Adams, "Firm Size and Research Activity:Franée and the Un:ted
States," Quart. Journal of Econ., 84 (3), (August 1970), pp. 386~ !
409,

3

[ T
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were unrelated to differences in concentration. Similar analysis for

Belgiuml revealed that only in chemical and possibly in the electrical

»

equipment industries, was research intemsity related positively to con-

.

1 L4
centration, Globerman's2 study¢of QLnadian industries found that, for

S

téchnologically intensive industries, research intensity varied inver-

1

sely with concentration but direttly with foreign ownership, Some of
' the diyersity found' in the “studies cited above is certainly due to the

fact that the measures of R and D intensity, as well as of concentra-

n

tion, were not uniform for all studies. .
¥ . 7 5

) .

The evidence on the relationship between inventive output and

3

H

concentration is meager. Scherer found no correlation between the mumber
-

of, industry related patents isswed in 1954 to *he leading four firms in

the industry, and the four firms concentration ratio and their sales.”

~

¢

Similarly, Mansf.eld's work suggests that the relationshipcbetween con-

centration and innovation was not positive.4

1

o
El

Thus it is poﬁiible to conclude that there is some weak evi-

3

9
dence that R and D increases with industrial toncentration but only up to

L. Phillips, "Research," Chapter 5 in, Effects of Industrial Concentra-
tion A Cross-Section Analysis for the Common Market, (Amsterdam, North-
Holland Publ, Co., 1971), pp. 119-42. w

2 S. Globerman, "Market Structure and R and D in Canadian Manufacturing
Industrkis" rt. Rey. Econ,.Bus., (Summer 1973), pp. 59-67.
% F.M. Scherer,“1965), op, cit., p\ 1121.
4 E. Mansfield, Indugbgéal Research and Technological Innovation - An Eco-
nometric Analysis, (New,York, Norton, 1968). ; *
n \ 4 \
Y % ' N
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a certain threshold, not indefinitely. Inventive output appears to be

[y

B t
unrelated to concentration,

.

f - o

LY
' In this review of previous research emphasis has been placed

»

on studies which are relevant to the empirical framework presented be-

+ “
o

low: a cross-sectional analysis of highly agpregated manufacturing in-

-

dustries. There is of coyrse literature pon a variety of aspects of in-

»

ventive process which lie outside this framework. For example relatiom< =« -

+

. ; * - - .
. ships among industry age, structure, competitive rivalry on the one hand

and on the other hand intensity and timing of R § D and patenting have

been examined. Correspondingly, the relationqgib between firn size and

innovation has generated considerable conflicting evidence.

¥ ’r

The reviewed theoretical contribytiong;p

vity in the context of the theory of production and point out the ecomo-

, mic determinants of inventioni The empiricaly oriented ones provide

v

some evidence and many unanswerpd questions related to the empirical

framework of this study.

P

“ ?

LY
The next chapter outlines a microeconomic model of inventive

- 1

1 ,

lace the inventive acti-

«

4t

[
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CHAPTER IT -

A\l

A MICROLCONOMIC ANALYSfS Or INVENTION

-
- ¢ ¢ -~

- * .

B

In the first section, we analyze the economiC contribution of an

1 .

invention to the innovating firm, We assume that the firm maximizes pro-

s &

*e

fit and we will first study the profit functions of the firm performing
- N ] ~
R & D activity leading to new inventions. The‘situation of a .firm buying

>

or licensing an inyention from outside is discussed in the second part of

this chapter.
1 4 L4 3

Owing to the fact that inventive and ihnovatiup activity is most-
1y COchpyyated in industries charaéterized by imperfect competition, we
also analyze the profit funciion  under the assumption th#t firﬁs are using

" the markup p}iéing technique. Their profit is a function of the market

size of the industry, their share of this market and the R § D expenses. .

v -

2.1 Profit function of a firm. \

Y

The profit of the j~th firm Hij’ producing a product i, 'i's a

function of the price of i’pij’ éhe fota% outp?t xij’ the total ?veragé }m
production cqst Eij and the present value oﬁ the past and current cost )
of R and D activities attribute% to the product i, RDlj: ;; .
2.1) Hij = Py; - xij‘_ Eij .« X5 " RDij |
or defining the.;ize of;tﬁe market for i, S, ‘ ‘

n ' 3

5; =j§11"3 s Xy G=1,2...m ’ " '

and the share of the market controlled by the j-th firm S;50

13 = pij . xij/Si; and a constant kij reflecting the conven-

tional pricing praéticeuof imperfectly competitive industries, based on a



=

) # /’ €
fixed markup over-the average cost; -« ’ ’
kij = Cl - .cij/piﬁj),“l , - ;l5
- L. i
the profit then can be expressed1 as: ot 1
(2.14) ~ Mgy =50 . S; kyg = ROy :

' . - )

2.2 Expected change of profit due to the use of an inyention, i

We shall now extend this basic model and assume thdt the fimm
envisages the possibility of innovating with respect to its production

of the product i, through use of an invention improving either the pro- ’

n

“duct i itself or its production, or both,

>

The main categories of technical change that can be considered

1

are three:

.
A B e 3 s -
>

T 2 s P PN ~
LAVORCIoN YCPIT3Cius a
Y

new commodily, which is associated

LY A °
, With preexisting characteristics in different proportions.
. 2) - Invention adds new characteristics to the preexisting onmes.,

L/
The two cases are examplesqof product differentiation,

’

3) - Invention reduces the cost of production, leaving the

other characteristics unchanged. X
b ‘ - -
Referring to Appendix A for a detailed analysis of these diffe-

rent cases of technical change, we shall discuss here their possible im-

.

pact on the profitability of production of the "improved" product i. -

* "
i "

1

This formulation is due to J. Schmookler, Invention and Economic
Growth, (Cambridge, Mass., Harvard University Press, 1966), p. 114,




s

W

1 - rd
o » In order to assess the éﬁ&isabillty of adopting an existing in-
,adopting 4

vention for commercial production or of devoting its own R § D resources
to inventive activity in the improvement of product i, the firm in our
! 7

hypothetical optimally behaving world hq;wtq‘ébmpare the preseﬂ% value of

the expected revenue flow with the present value of the :expected cost
)u . o
likely to résult from the acquiring or creating and of the inven-

LY

3

tion. We assume that the decision to go ahead and to ado r create the
invention, whatever the alternative may be, will be positive only if the

- ! .

present value of expected future rgvenues is greater than thé present va-

§ - ’ .
lue of expected costs of the'venture.%

-

- h r

-

2.2.1 Expected profitability of an inventive effort within the
innovating firm. . .

h ®

We assume that the fimm will Jecide to go ahead and try »

2

to invent the improvement if the present value of the expected profit
change due to the invention will be positive, The firm will devote its
R & D resources to the inventive acitivity if the total derivative of the

.

# profit function (2.1) with respect to the differential dP is positive:.

ar. . - - dx. . dp. . de. . dRD:.
2.2) ij = .(m.; =¢C:.) ij + x.. ij = i - ij > 0
-l R M - B o -l - B

wheré dP refers a change in number of inventions patented. The differen-
tials are all supposed 'to measure the expected variation of the present
value of the respective variables with respect to their initial levels,

3

due to the new invention dP,

If there is a choice among several inventions, the one promising the
highest value of the expected profit is supposed to be chosen.

>

¢ « 4
.\LJ
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, . .
. In the case'of mcmopol:‘vcst:ic::l or ol1gc;polistic industries the

technical :change may incréase profit of the innovating firm leaving its

u e ] i
output unchanged dxij = 0 (cogt reduction andfor higher priced diffe~ é
rentiated product)., The present.value of expected profit increment is

r £
simplified: :
2.2a) Mg =x. . @Pig - Ly - By 50 =
J ap ap .

dp ar ,
, 2) In oligopolistic industries using markup pricing, techmic c

-

change results in changes in market share and market size, We can write
o

the total der:iva.tinna-2 sof the profit function with respect to the new in- “"ﬂ%‘
vention dP in terms of the market size Si’ the variation of the market
& e welt Afg\‘s ’
share of the j-th firm with r&éﬁ:emto the original size of the marketa
pa

dsii*, the variation of the R § D expenses d ii and the constant markup
coefficient, kij = const,, as follows: ‘
(2.2b) dni. R C A M -

- i - - ij

dP dp dp
vhere: ds..* =ds,. t+ s, dsj N / I
1) ] 13 3§
i -

Technical change, specially in the( fi of strategic inventions, may be

F)
used to create or maintain a monopol} position by erecting a barrier to
the entry of new competitors, for example“by means of patents, Thus the -

» -
v
n

o monopolistic industries the mumber of sellers is sufficiently large .
so that the actions of an individual seller have no perceptible influence
upon his competitors. Both oligopolistic and monopolistic industries
are assumed to produce differentiated products.

.

For the deravation of the rillti‘_j and discussion, see appendix (B).

'’

&
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’
3

firms in imperfect competition are motivated to invest not only in order .

to increase their market share and market size but also in order to defend * * -

°
ES \

their existing monopolistic or oligopolistic position and profits. -

-
/ “ *
kS

In such a case a firm decides to znvest in’order not to, lose the -

- \ L]
prospectivé increment of profit that otherwise could’be appropriated by S

-
4 -

v .

' | e

We can relate two categories of technical change to the variation

- d 5 \ ~
of the market share of a firm. The first one covers the cases of various \
- » * <
forms of product differentiation, the second one refers to the increase of -
. % s K
market share due to a cost reducing invention. s o

3 .
"
1 5 -

2.2,1.1 Product differentiation leading to an increase of
the market share of the innoYating firm,

' Product differentiatiom may a;fect the market share N :
of an innovating firm in three wa>;s: ) . . *
a) The overall size of the market remains unchanged Eds:.L = (). but the in-
vention adopted by the firm producing the improved product is expected to '
K L
redistribute the market in its favour. s -

b) The increase of th;: firm's market share is due solely to the ipcrease
of the market size dSi of the industyy i. . - . |

¢) The combination of thektwo preceding cases; the innovating firm in-
creases its market size at the.,expense of its competitors and at the same
time expands the overall size of the market. -

2.2,1.2 An increase of the market share owing to a cost
reducing invention.

3

In an oligopolistic market the effect of the

»

¥
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cost reducing invention is undetermined without further assumptions ab?ut
the nature of the product and the pricing policy of the competitors,
One hmbit in the'range of possibl)e sitvations is an innovating firm pro-
ducing a homogenec;hs product subject to the kinked demand curve. The

firm 1!111 not increase its output at all unless -the cost reduction due

LS <
et

to 1nndvatmn is sufficientiy large to jump the marginal revenue func-
tion's gap.lv Even if the cost reduction is sufficiently large, the spe-
cific conditions in the industry and in the economy can:delay for long

time price and market share adj:ustment.z The opposite limit is the cost

12 @

. reducing.innovation by a firm producing a differentiated product. The

'

yreduction of the production cost by a differential deij will enable the
. firm profitably to expand its sales by dxij’ given elastic demand

R ('eij > 1) .

Assuming that the innovating firm will be the unique user of the
invention, the resulting changes.in the ‘innovating firm]s sales represent
‘the change for the whole .industxy i, .

v . n
dSi. = d( E p.. x.j)

[ .

o . = x.. dc a+ e-j; / (1 ‘ki')

1 - 3

+ *  See 0, Lange, "A Note on Innovations", Review of Economic Statistics,

(1943), pp. 23 This case is covered by equation (2.2a)..

This complex and so far unsufficiently theoretically explained situa-
tion is.in detail discussed by F.M, Scherer, Industrial Market Struc-
ture and Econbmic Performance {Rand McNally ® Co., 1971), pp. 145-

!' Fd

. 4
-
N

%y
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*
Substituting into the expression for dsijJ
/!

[ ¢

share is a <function of the cost reduction d¢

: dsy = ds.. 4 (14 e sl
M = eij Si/j

the change of the yarkeq

L3 t
>
e [

a i), ij
’ * .
Substitution of dsij into-equation (2.2b) would yield the expected pro-

fit change. S

o

- 3
a4
«

According to Spherer,1 20 to 40 per cent of all concentrated in-

' R - o »
dustries supply products moderately heterogeneous so that their situation

;

is likely to fit,between the two limits discussed above.

’
i ¢

- Wy,
2.3 Determination of the licence fee. . o

- All inventions are not created by the Rland°D‘effort of firms in%

- #
venting for their owh needs., Some are created by independent 1nventor52

TR T P & £%-. IO P
(€1 POGUCIng XiTmMS 4GnG. are 30
L4

.

[

& -

which may acquire the invention either in order to develop and use it, or

1§ 3
in order to suppress it.

.

¥’

. 4 . . - ' ¢
The price for an invention is established as a result of negotia-

v

» . ;
“tion between the inventor and the acquiring firm,\upsually in the form of

a licence fee, The licence fee payment takes many forms, from lump sum

¢

payment to various formsof installment payments distributed over the period
of agreement., We shall analyze the licence fee in terms of its eipected

present value and will also consider other revenues or costs that play a

part in the analysis. We can analysg the margpfdfor inventions as an im-,

M -
1 F.M. scheger, ibid., p. 190 . .
2 Although the importance‘of ;;2 contribution of independent inventors

15 récognized, statistically it has been steadily declining. For the
discussion of the problem see for instance: R. R, Nelson, M,R, Peck,
E.D. Kalachek, Technology Economic Growth and Public Policy, The Brook-
ings Institution, (Washington, D.C., 1967), pp. 56-58.

¥

»

-
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perfect market for a factor of produgtion, {
, L , ,
Decermination of the licence fee, o N

b ELY

For the firm, it will be profitable to acqufre a licence fgr the -

use of the inventign as long as the present value of expected marginal
. »
cost, which is the sum of the licence fee and additional' R and D’ expen~

ses necessary for introducing the invention into productiom, is 1ess1 or

-

at most equal to the present value of expected marginal revenue attribu-

4

table to the exploitation of the "marginal product" of the }nventibn.z
% ~ LN

* - s
<

-
'

Using the analysis introduced in settions 2,1 ’and 2.2.1 above,,

o

: - ) - - - ‘ ! 3
we can substitute in the profit 1ncrement\funct10ns (equations (2.2),
1 N3 N .

(2.23), (2.2b) the value of the licence fee Lij’ and thg change of ex- 3

vected R and D expenses attributed to the development and/or introduc-.

4 ! ¢
R . . dp_. A dp. .
tion of an acquired invention, 1j. There may be cases where, the 11

dp ) . ‘
may b~ elther non-existing or 1nc{gé/;’1n the licence fﬂi}ﬁl when the

v

* firm buys not enly the right to. use an invention but also the know~how

-necessdry\fo operate it, The total derivatives of profit with respect to
[ t t

-
the inventiqn will be equal to: '

R dx, . dp_ . c_ . B. .
(2.3) dﬂll = (pi - c..) X3 1 + x,. ( p13 - dc13} —.d ij - Li' >0 .
dap i —3p dp dap- J

4
o
[

for the general case, corresponding to equation (2.2) and the case of the

&

invention leaving unchanged market share:

.
i
" o

i o

1 Due to the monopsony or oligopsony situation likely to exist in the
market for most inventions, the licence fee (the payment to the “em-
ployed factor") will be less than marginal revenue even if additional

’ R and D expenses were absent. .

2

In the qase of 'a defénsive patgnt suppression, the cost of acquiring
a patent’ is le8s than the'present value of the loss of profit antici-
pated if the g?ten?'were used by competitors.

R
® T °

v
w
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. (dpiJ R dcij) _ dDij - L

. 0
ap Y, @ Tdp . Tdp

ss >
1]

b . ’ '
and for the invention resulting in an increased market share:

di. " ds. . dan. .
(2.3b) i3 =8, . T ij* L k., - -L..>0 .
. ar dap ap '

f ' N °
t gnc‘ement is likely to’be distributed unequally between the

~

'v "
< L'y
Lyst=q (%P5 - €5y | X5 - dD; 5y in case (2.3a)
ap T, ap P \
and: " L
(Y : - « )
Lis =4 - (Si . dsij*'. Ki - dD‘j) in case (2.3b)
I dap b I .

a

| a4

. Let us now have a brief lgqok at the seller's situation in the
{ 9

t 4 ¥
market. for inventions.’ .

P v N : s

For the inventor, the licence fee’Lii-represents_his marginal
revenue arnd as we expect him, for the sake of economic analysis at least,
to behave as an profit maximizer, we assume that he should go on inven-’

. ting as long as the expected mazginal cost attributed to the creation of

-

\ \
. : 7/

1 The value of thé q-factor will depend ultimately on the compgtitive
character of the industry i; the closer the sityation is to a monop-
sony the smaller the value of q can be expected. .

* 1
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tt‘é given invention dmin, is less tHan the licence fee I.i 3.1 . )
e “_‘dp R

v

o

The total profit variation is distributed between the firm and

s 3

&
\ ? ‘\'{

ithe'inyentor:

[

. .(.!...H.}.J. = dl (firm) + dI (inventor) c v
P, dP F ,
) Vo R S )
The total profit variation owing to the inventicn in the case of a cons-

S - - &l

tant market share is: .

!

_ dDi - dRDinn;~0

dP

dn. . ds. . dD,.  dRD. -
(2.4b) ij =8, . Tij* o k.. - Tij - TMin s 0 .
173 i 3 i

These results again express the profit variation in terms of cost or price-
variation and in terms market share and size variation respectively, but

8 «
on the R @nd D side, the expenses are explicitly divided between the ad- .

ditional development cost dDij » expected to be incurred by the fixh:n and ,
dp . —x

-the proper R and D cost of the inventor dRnin. R

- t oy dp

n
”

\9‘ *

rd Din includes the present value of all expenses ;ﬁtributed to the gi-
dP  ven invention, including patent and legal fees, etc. There, is
, however, a possibility that the actual cost of inventing the gi-
) ven invention exceeds the licence fee L... Owing to the fact
that the inventor sells an already existing inventlon, its cost in this
case was already incurred, and if dRD
- ‘ in > Li.j' he sufferped g loss. This is

i _-a‘p-— s
a case of a private cost exceeding social benefits discussed by Arrow in:
K. Arrow, "Economic Welfare and the Allocation of Resources for Invention,"
, in R.R. Nelson, ed., The Rate and Direction of Inventive Activity, (Prince-
ton University Press, 1962), pp. 25,

r
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Summdy , , . . . .

»

. This section analyzed invention in a microeconomic context, "By

applying rules of production theory we werc able to establish the contri-.’

« o 1 . * » »

v bution of an inventiom to the profitability of the innovating firm. The

-

A 1
B - N .

price (the market value) of an inyfntion/was then expressed in terms of
variables relevant«fbr an ana1y51s of ollgopollstlc competltloﬁ ‘as belng
Al B

roportio ﬁl to the contribution of the 1nv ntlon\to the, rofltablllt of
P 7 9 P Y

.t

%

> » - [ 9 3 ’

° ¢ the flm . - - i @ \ *

- t »

]
- » «
.
[
- X t .

» Owing to the fact that an inventor 1s mot xn gll cases identical

' ~ 4

. with the innovator (the i
the final distpibution of the profit increment resulting frcm the ‘use of

*_ the invention is indeterminate and depends on several faetors, such as

the competitive character of the industry, the negotiating strengtﬂ of

+ 1

the inventor, and so on. .

If we are interested in the overall profit increment resultiné

> l\ .

from the use of an invention, we can neglect the problem of d;str1but1on
. . .

of profit and concentrate only ‘on the formulas (2.2a) and (2.2b), depen-

v

ding upon the type of change é}iicipatgq. ‘Although the$e formulas' could

1

! * be used for establishing equilibrium conditions for profit maximization,

consider the non-equilibrium situation of aipositive profit incremeént-

2
S bell’lg more 1ﬂterest1ng for our purpOSE. » . s oA ’ :‘
- ] , . . ' g ’ B ) k.
’ . ‘ LI

T

} ' " From the formulas for the proflt increment di- 1t 15«Fv1dent ‘that
4 3 ’) dP ' ',, ! 4

j , the economic 1ntent1ve for inventive activity may come from demand con-~

} ditions of the particular market as well as ifréom the cost conditlons ré“

t

, sulting from the inventive activity. It therefore seems 1nappropr1ate to
14 i o

, a r's 1

= O A

ovating firm), we have explicitly stated-that

v

]

e

- g g
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consider the economic- factor as being exclusively a function of demand
conditions, as it has been often interpreted in the past. As eléewhere

in economigs, the economic factor is an outcome of an interaction bet-

*

,

v

»

ween demand and supply.
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: ' + THE IMPIRICAL MODEL

A L . P B € «

'
i £

3 J

¢ L,

A The flrst of two 1nterrulated parts of this chapter 15 an attempt

¢ c e

td makd the theory developed m the, previous .chapter operational. The:

]
, sécond:part.oY the chaptg; deals directly with the statistical model and

L Y ,? ]

4 4

R data'actuéllm employed. Thus ,in ggction 3.Y, we introduce a model of R

1 F T +

-, * and, D 1nvent1ve activity and we discuss alternatlve proxies for expected

w , ’ \

o . profltablllty of 1nVent1ve aét1v1ty whxch would make 1t possible to test

‘l‘

theumodel emplxlcally. Sectxon 3.2 1s.concerned W1th the specification

and estimation of a simultaneous equ&t 'ons system for a regression ana-

y
. » t
PR c L] »

. lysis of”cro$stsection data cébvering an international sample of manufac~

- F .v ? Sy + R "., N . 2
. turing-industries, The final section of this chapter is deVoted to des-
s ¢ (' 1

? * [4 ' . - v -
cribing the datg and variables used in the cross-sectional analysis.
¢ 1 . °
L L , o e , T . . ! v ! ’
v . ' [}

© 3.1 A simple model of R and D activity. <

J . .

oo Let us suppos

o

i

[

-~

hat the R'and D act1V1ty of a frmm. can be cdncep~

-

i-

tually dlvided 1nto three components, accord1ng to” the Qbyectlves pursued,

-
. v Y [ ] ¥
© : » A . »
(=3 y
-
,

, . a) The R and'D effort is directed toward inventing new products
{ ] -2 . 6 , 4 v ’

oy, = 4 % o ' o t . N . v

= _and jprocesses. The expenSes for this component sf R and D censtitate -

i
o\ . N é ' ; ‘n .

' the 'cost of 1nvent1ng As dlscussed in the flrstnchapter, the cost of .

- +

1nvent;ng is relate& to the level “of scientafic and technological know-

¥ & . A,‘/ 2 L

o ot . ledge and wlll thereforerlfkely Vary con51derab1y among 1ndustr1es.‘l

. % : e, P
? ~

a i L ., , * !

. A Vil Thé pérxod between.thé date of the "decision to strive for an in-

-
? ¢ N

, e .,’e N %,

Ventlon and the datp of the grant of patent for the created invention is

-~
K LR - %
B

rarpprons oo PR st
-
. N
-
»
-
PN
3
Y
.
-
.
-
.
B
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the anventang lag,
LY \ ’

* b) ‘The I and D work nmecessary to introduce a new patented product
or process anto commercial production is a function of the number of in-

-ventions created and acquired by the firm in a previous period. 1 he lag .

-~

i

2 - - . *
between the creation or acquisition of an invention and its use in commer- |
- A4 4 s

% b
cial production, i.e., the innovating lag, is a function of the technical

difficulties involved and of other variables.?

3 J "

¢) To the extent that some R and D activity is geared directly = .
toward product differentiation or cost rcduction, this portion.of the §e~

]

search effort will increase the profitability of a firm without reflecting

t
A

on the contribution and the cost of patented inventions.

\\;/

The relationship between tHe three components of R and D activity

b

“~

utputs may he schematieally vepresented in a graph
o - e - -

Let RDI be the R and D necessary to create inventions, and RD-2
) . d 1
the component devoted to the commercialization of created and acquired o1 '

mventions, Finally, BD-3 is the component which directly increases the

profitability of a firm through product and process changes other than in-

4

ventions. L

.

~
i

»

3 .. ' ] .

\

By making this assumption, we implicitly assume that all patented in-
ventions represent jhe same degree of technical difficulty .for imple-
mentation; this is often %ertainly far from reality.

&

The length of the innovating lags vary from case to case, firom industry
to indystry, and likely from country to country. However, there are
some statistical studies available that indicate certain regularities

. for the “typical" or ayerage case, see:
Jewkes, Sawers, Stillerman, op. cit.
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i
As the model of PD activity has to reflect the lags between var- P

PR

1ous varidbles, we shall samplify the complex reality by assuming,;*at typ

3

lags are of unitary length, so that component RDI , for cxémple, undet -
e

. /
. taken in period t, will result in a patented invention in the next period

s ® a
’

- t + 1, the length of the respective Iagﬁbgﬁng assumed to cqua{/l.

)

% {
‘ Now, we wild analyce this R and D model in order to find out
» N Mo, e it analy fnd out
- whether we can use outlays for R and D of firm j in industry % as a proxy
' '/ for the expected change in the variables' underlying the profit) change, y
- ‘ %) !
c such as ASJi"ASji' Ap

9

54" The cost of inventive activity in\our model
)3

1s Tepresented by component RDI, which precedes with an 1nvenﬁi§e lead (1)

M

the creation of inventions paterted at period t. The cost of inventing

~ )

‘ done by inventors ikdependent of industry 1 is not included in the ag-'

> °

gregate of RDIi and the cost of inventing for industry 1 will therefore

>
G a 3

[ be underesuimdeed, 1f chere’have been invencions acyuired from vaiside
4

N sources,

*

N The following diagram (Fig. 1) represents the R and D activity in

form of a cycle leading from profit expectations to creation of one in-

AN \ : .

vention, to its commercial development and to resulting increased profits.
“ 3

o
In a parallel direction, the R and D leading directly, through changes

3

other than patented inventions, to profit increments is also included.

> *

~

The diagram simplifies reality; there are usually several R and D programs
running at the same time, their objectives and timing being different.
* Thus, in reality, ;éveral sequence$ similar to the one represented in Fig,

1 exist superamposed)\and lagged with respect to each other.

“

.
s s ¢
!

H
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- “Pigure 1: .
¢ .
v . j ..
u ' 3
Expect,profit Invention Commercial
[ positive Aﬂ}tﬂ ——{Egé:i:::>-—~ created § production
o to RD~I patented : . -profit Ally
RD-I inventing. P | RD-2 development
|
A ! l
Inventiors - | ¢
created sutside — em — = — —~~—]| Inventions ]
the firm { acquired
L2 -
(’ Expected positive L3 Profit from Commercial
profit from R&D RD-3 leads . lag 3 production
B} not related to to further |- £ .| ~profit
inventibons * AT,>0 RGD-3 All,>0
RN=3 RD-3
’ . repetition of the previous
0 ! cycle
PR ] ‘ e s b )
Legend: ) . )
P : Patented invention (s). -
' RDI  : /R and D inventing activity. . o,
RD-2 : Development worl necessary before.invention can be used
- in production. .
RD-3 - R and D work not related to creation or development of
v . inventions. -
. - . Llag 1 : Inventing lag = time elapsed between the start of the in-
'’ ventive activity and the grant of patent for successful
invention.
\ Lag 2 : Innovation lag = time period necessary to adapt the in-
. vention to commercial production. ’
Lag 3 : Improving lag = time necessary to improve the product or )
. the productive process through non-patentable technical
~ change,
amy Profit increment due to exploitation of patenteé inventions.
L An2 : Profit increment due to R and D not related to inventions.
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R §

L 1
>

The relationship between the inventions patented by the j-th firm
&

of the i~th andustry at period t+1, P, s and inputs, i.e. m-groups

Ji(t+1)
of non-compegzhf R and D labour * specializing in inventive activity, -

.

RDIJ mt? DY be expressed as a Cobb-DNouglas production functiom. 2 ;

.

M b 4 .

= b nfl nmet bsb >0, m=1, M

BRFHCES
This formulation of a generally non—linear3 homogeneous production
function fbrwbo, bm > 0, can be jpstlfled mainly by an argument in favour
of maximum mathematical convenience subject to given theoretical cons-

’ ~ i
traints. By choosing the RDI_. as the only inventive input’s to explain

Jim
the number of patented inventions in a given firm, we have to account some-
what for the fact that there is a certain, non-negligible number of in-
ventions created by individuals completely independent of aay form of or-

ganized R and D activity. We account for this by stipulating that the in-

@

1 The R and D labour engaged primarly in inventive activity consists of

qualified engineers and scientists, technicians and other supporting
staff, The R and D statistics breal down the manpower data also by the
main activities, 1.e. by basic research, applied research and develop-
ment. It 1s, therefore, possible to break down the total R and D man-
power uorklng on inventions into several non-competing groups in order
to identify their respective contributions to the inventive output.
2 This formulation gives rise to an aggregation problem, which will
result in an aggregation bias. This 1s a familiar problem related to
macro aggregates which were aggregated from micro units in an arith-
metic instead of geometric fashion, as the multiplicative micro-produc-
tion function would require. As in other production function studies,
we can only ascertain the existence of the problem; the unavailability
of disaggregated data prevent us ‘from solving i1t. For detailed refer-
ence see:
A, Nataf, "Sur la possibilité de Construction de certains Macromodeéles,"
Econometrica, vol. 16, (July 1948), pp. 232-244,

Except for the exceptional case of I b = 1 which cannot d pr10r1 be
excluded. . in

S



terceptaho > 0, i.e. even if there is a very low level of R and D activity,

-

- we expect a positive number of patented inventions to be created, Short

o tivity.

-

As for the non-homogeneity, we are forced by our ignorance to
specify the bm in the least possible restrictive manner. A priori we can

be sure only oﬁﬁthe non-negativity of bm. As for their actual values,

A -
°

S
they will be determined to a certain extent bﬁigyhgr §§§3Tptlons incorpor-

", . S
o TR e Y SN

<atéd#n our model through the first and second order conditions of the

constraint maximum solution for maximum profit. There is no theoretical
or empirical reason why the relationship between R and D inputs and the:

number of patented invVentions should be linear, i.e, % bm = 1, or subject

. »

to increasing z bm > 1, or decreasing % bm < 1, returns,
- <

~

The present value of the expected revenue from the use of patented

inventions R, is equal to the product of the expected number of patent

jit

inventions P and of their present value of their average expected

3i(t+l)

. contribution ‘to revenue, rjit‘

(3.2)  E(Ry5,) = B(ry;,) « By ) "

. The expected contribution of an invention to the revenue of its

user can be considered as a shadow price of the invention; as long as the

%

invention is exploited by the firm which created it, 1t 1s an™implicit
price., It becomes a market price only when the invention is sold by its

inventor (or owner) for money or' exchanged for some other assets. Even
Ll

-

S,
. 8

e

I3
T D e gt o
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® ' ¢ .
when they enter the market, the ancomparability of patented inventions
b

. T
forces us to consider them as objects giving rise to cconomic rents; the

3
price, therefore, for any invention 1s determined by demand.
’ Al
* “

The relevant factor marhet, the market’ for Rgand D personnel: can
) a " «
generally be censidered as being imperfect and therefore, there is a de-

14
°

pendence between the quantity of R and D manpower dem&n@ed and its price,

“*

i.e. the wage rate. A general formulation of the suppl} functions would

///xelate the supply of various groups of R'and D labour to the wage rates

o

¢

-

3

paid to all groups. Assuming a log ilnpar relationship, the supply of .,

a
-

each type of R and D labour: .

I3
»

_log“RDIjllt logfclo* clllog “Bilt caas clmlog Wjth
(3.3a) SN ’
o log R[\Ilet = log g+ cmlog Wj 116 e cmzlo{; Wj 1Mt

This system of M log-linear simultaneous equations yields a gén-
. R .
eral solution for the respective wage rates, subject to a necessary con-

dition\that the matrix of partial elasticities of supply, C = [cnm], be

non-negative and /C/ ¥ 0. Denoting the elements of the 1&@Erse C—1 as
% ) '
[e* 3, we can write: -0
nm

e o

M c
- T
(3'§b) “jlﬁt * mE1 cRDIjlmt /cmo)

o

n=-1, M, cmo > 0, m=1,M

Owing to our assumption that inputs are non-competing groups of

R and D pe;sonnel, supply of each m-th group is ’nly of function of its,
Q@
own wage, Therefore, only elements c;m (n¥m) on the diagonal of the

inverted matrix C* are different from zero,\gc;m-= 1 ), other elements
. cmm N |
vanish. »

The wage rate for the m-th group of R and D labour is:
o L4
=~

3

- .’~

.

‘8

PN
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COS? RDIjit =

v /e
(1/cm0} ma

4
where § =

N
¢

v

It 1s now possible to express the expected profit by subtracting

(3.4) from (3.2) and maximize it subject to the constraint provided by the

procduction function (3.1). .

B

(3.5) max Il = in(t £1) rj

Subject to: 0 = P

v ]
Y
v J

Solution by Lagrange multipliers gives the first order conditions

1

for raximum profit. :

s

(5.6) T

" it

i

* PJi(t+1) (bm)/RDIjlmt

The "second order condition L,

1

P
F: --»iY v‘.t
¥

ALl

M Y
- T 6\%1 [

t n=1 il 3imt
M b
-b_ I RDI,T

1 imt
m..

H

Gl

"

i
-

) = W..

Jxmt * Yn

recuires that bm

<y .

’ :

ID .'.“ 1,\Mn

3

m

and (3.2} the equilibrium demand for R and D personnel as a functiom of

’

the expected fgven%e and of ‘the equllgbriﬁh tvage rates is given by the

elasticities of labour Swypply.

, See’ appendlx D for calculatlontof the constraint maximun conditions.
implies that at the extreme case

. The second order condition b
éf of perfectly elastic. supply
. in the more llkely "situation of Y

<of RD labor, Y
> 1, 0« b < y '

= 1 and bm < 1;

From (3.6),

t

[
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(3.7) PDI = F(R,.,) * b Lyl -1 ! T om=1, M
) Jit jit m " 'm jim. ’ '
RnIJlt in equation (3.7) is the "equilibrium demand™ for R and D at the
Yeqailibrium, wage rate'. \
In-the previous chapter, we found (2.2b) that for a firm using
mark up pricing the expected revenue from invention was:
(3.8) * E(R.,..)) = as* .8, L. ' | N
jit jit it jit / el
where the change of the marﬁetfshare As ;it and marh-up coefficient kjit .

are both functions of firm size relative to industry size.

' ] [

3.1.1 Aggrepation to industry level.

[

The data > covering patented inventions, R and D and other

economie varishles are avﬁilablé‘bn the andustry level only. In order to

use then in the ~empirical tests of our nodgi we have to aggregate the °

E
w7

relationships whlch are to be estimatc om the level of'a fixm fo the

33

level of an industry.

-

Assuming that all firms in an industry i and a country h are

the same size 4 and that R and D 1s also the same for all firms, 3 we
1 . - *

then have: . .

¢ v

Substituting the fanite difference As* for the derivative used in (2.2b).

2 Formulationfof this section (3.1.1) was kindly suggested by my thesis
director, “professor P.B. Huber, °
Descraiption of data follows in section 3.3 of this chapter. '

Note thlat the number of firms per industry per country J, i Vvaries by
industry and by country. A
5

The time subscript is suppressed ‘from now until the end of this section
for the sake of clarity. ¢ .

-

4
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(3.9) Poot s Joo b W RDI,, .
. j= jih ih O - jimh .ot
Y e Jan b
) i - # * >
\ A\ I homg;; Fjgl Rnlgimh/ Jin)
© L)
) L1 \\. bm .
o = Wy b I (RPI; / I m=1,.M
* (\r » m_’l ]
; and 1 assuni oo W
?nd f?r R and 1 assuming' that “jimh “imh \
Jin e
(3.10) -E RDIJimh = RDimh ' . -
J=1 o 3 !
u .. . in -
~ . =rhot oy T oW 3321 E(RJih) com=1; M

\k B i1 -
Substftuting from (3.4) and (3.8) and assuming that mark

~ ¥
1s invariant gvegtflrms in one industry and country, we reach an

~

brium demand for R and D labour,
. 1

{
Js '
ih
s ¢

-1 ] *
rh Sin¥in 5, 48
¥ J-.L

(5.11) ROL,, = b (1+ ¢

-~

51 3ih

Given the assumption that all firms are the same size in a given

3

and country

s
a ©

¢ 2"
. wah
Hence we may substitute (3.12) in (3.9 and write
Ve Jih !
(3.13) Plh = ‘E leh
j=1 ]
M
.= b
L Sy Wb TOLROL Sjm)/sih]m
5 . m=1 -
3ih )
‘ -0 T M b
- . . m
, = Sin " Sjin " Po s R0y /Sy
o ’ M '
Where exponent o = I bm -1,
. [ . m=1 ,
¢ “ “ f ! -
. -

up constant

gguili—

industry

N
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Fquation (3.13) rewritten for purpose of estimation. <f—v”"‘\ )
‘ ” M A T
RO R S Sjin "o 1 LA R \ :

s \ - r

[y - e :
All varadbles, except average sales per firm §jih’ are now ag-
3

gregated to an industry level. The exponent of g}ih is probably close to
M . .
zero, because the £ b_ is not likely to be & priora significantly differ-
mﬁl . *
ent from unity.' Most of its variation may be capturced by introducing dum-

,my variables, thus av01din§ most bias'zn estimation of bm which otherwise N
would be introduced. The equilibrium demands for m~gioups’of R and D
personnel, theoretically expresséd by (3.11), must be deflated by industry ,

sales to make them consistent with the formulation (3.@4). Their theore-

tica*ly predicted values cannot, however, be expecied-to be identical with
‘ -~
-

the actual R and D employmeht. . , 7

a -
1 0
\

Imperfect information, lack of m@nagement‘élill and practical im-

a i

‘gossibillty of instantancous adjustment of the R and D ﬂanpower to the

profit maximizing level are the main reasons for a discrepancy between the
M ¢ \ ¢ t

actuai R and D employment and the cquilibrium profit maximizing demand for
R and D personnel. The simpliest approac§ to handie\thc deviation would
be to account for the deviations by the random disturbance teronnly.
There 1s however a great likelihood tﬂat the deviatidons from equilibrium

w1ll show some non-random pattern vhich may be associated with the impor-

hY

tance of the variables copnsidered in decision making. Accordingly, the
] I3

wage rate péld‘to R and D personnel and the expected revenue from inven-

°

tions may be associated with deviations from equilibrium although it is

difficult to specify 3 priori if the relationship 1s direct or inverse.
1

G.H, Hildebrand and T.C. Liu, Manufacturing Production Functions in
the United States, 1957, (The N.Y. State School of Industrial and
Labour Relations, Cornell University,’ Tthaca, N.Y., 1965), discuss in
detail the possible relationships between the deviation from equili-
brium and wage rate and the size of pfoducing units, They concluded

that 1t is impossible to,determine & priori the direction of these .

relationships, .~ - .
» ’ -~
. 4

s [ -
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The more research oriented an_industry 1s the more likely it 1s that it

has greater incentive and capacity to converge to an optimum use of R and ..

D personnel. On the other hand, the more R and D oriented the industry

" the strdngg; the tendency toward inefficiency and rigidity in.organization

of R and I, especially toward staff reducing changes, Similarly, the in-

fluence of wages paid by an industry may represent a strong incentive to
achieve the optimum. On the other hand, low wages may attract more of R

and D activity with entrepreneurs trying to employ as much of R and'D per-
sonnel as possible up to the optimum quantity.
\ P N ~

-~
» - ’

t

The deviations of the actual R and D employment from the equili-

4

brium demand can also be associated with industry size and with expected
profitability. The age and technological chdaracter of an industry are

likely to play a role here,”but it is difficult to predict it 4 priori

¢
P

for a heterogeneous sample of industries. Their sign dnd magnitisde widl
”
be determined by the empirical daqh.
. . |
. : < )

ot ’ . . ' L}
The equilibrium demand for P an% D personnel, iccountlng'fOr the

[y

v N
.

deviations discussed above 1sai
. _ el s J‘ih&,* .
(3.15) RO/ Sy = (bpfyy) = Wit © (8 Aty

©

v - . 3
equilibrium and paraméters ¢ and © are similarly ijiterpreted for the ex-

- N

tries. Variations of mark-up constant kih‘by industry and\country provide

4

justafication for industry amd country dummy~variables.

v H I "
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Before proceeding, 1t is hdcessary to discuss the proxies for the

/\l L3 y Y

sum of the expected marhet share. incrementsy 1.e. the prokies for expect-
. 7 \;’ P .

.,
*
1 +

" ed profitability. ) ' P e
i a e JRR oo e w

-
‘ - 3.1.2 R and D proxies for .the prof;tabllltv and cost of 1nvent1on.

LI v

.
' ; \u M “
e

. Referring tp the Fig. 1, we can relatenthe Ancrement of pro— .

fmt Yg 1ttr1butod to .exploitation of patented 1nvent10n(s) to the portlon

a ~

RD 2 that is’ tb‘the development work necessary to 1nt:oduce the Anventlon{s)

-

into commercial production. We can assume that the greater the expect- -

« 4

-« ., .
r vy I3

?
[

_— developmeni the firm will be ready to disbursé' ”Theféfore, wb:assume that

l
)

P O

e *e

’ * there 15 a high correlation between the development expenses- RD-2 of a

e i ~ L4

. firm and the variables 1nd1cat1ng profit changes; such as the ‘increase of ~

. b LY

the firm's market share ,or, alternatively, the‘phangesﬁof production costs
~ L] -
' @ ! ¢ N !
or prices 1n the subsequent period. 1,~ . v
. ¥ 1, . , ' . v ’ ‘ .
. - - , 4 , o

. Given this relationship between RD-2 and the set of yar1£b1es
R x . s ; ’ . 2 *

.

o ‘n (a *; Acy Ap) e can use, for a.given size of industry i, the sum of the

! , o i"\zelc:;pmem: expenses of all 1t§s firms j, in country h N l\\ S

' ' Jv‘ ‘ , o "t . .

‘ : ' C e |jflpﬂ“251ht " Sihe, L
\‘{\ r at period t, as a proxy for the expected agg;egate@féhanges of the market

» shares or of the costs and prices in the latef period t +1.
\ ' 7

’ The proxx KD-Z better reflects the expected variables As it 1)

the closer the actual cost of development work 1s to

. N

1(t +1)? Apl(t'ri)

T ~
» ~ -

1 See the emplxlcal ev1dence in the artaicle: ’

J.R. Minasiad, "The ‘Tconomics’ of Research and Development,' in The Rate
‘ .! N and Direction of Inventive Activity, N National Bureau of Fconomic Re-
i search, (Princeton University Press, 1962), !

[ M y '

[,
*
3
-~
-

ed benefits from the use of inventions, the greater the expenses for their: o

y

i

3

nwe

pen k-
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1

1s. Owing to those two qualifications we may expect that the proxy will

h

underestimate the correct value of the variables it represents.

. y

1

»

RD-2 we use the statistical data for development expenses, becausc they

- and’ thus inflate the development expgnses. With reference to our model
- . %

an Fig. 1, it should also be noted that the proxy RD~21t represents the

. expected changes of profit variables for all inventions created for in-

50

¥ the value of the benefits expected and the more competitive the industry

©

< However, this downward bias is ely to be compensated when for

include the R and D expenses not relgted to inventions (RD-3 in our model)

L

*

C \
dustry i, ircluding inventions which originatéd from independent inven-

tors. ' y

4

3.1.3 Alternative proxies for the profltablgitx;of invention.

1

.

Conceptual, as well as ‘empirical problems frelated ta the

- -
<

and D proxigs for the profitability of invention discussed in the previous = .

4

R

_section suggest that we try to spec1fy some alternative proxies. In.con-

trast with the R and D proxies which directly reflect the expected ‘con-
tribution of inventive activity to future profits,=the proxies which we

introduce in this section are not constrained to reflect the portion of

- [ .

profit expected from the inveative and subsequent innovative activity.
X L

ot

5

i They- stand for overall profit. We assume that anticipation of future

profits in an industry will motivate inventive activity to eiploit this

y

2

1 In the case of a monopolistic industry, the expected beneflts of

A RD-2 will be greater than their cost, the difference between the
two contributing to the monopolistic prof1t.

»

iﬁ

o
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e tiw .pigfit potential in the future, 1 Unavailability of data on profits or
. 3 . & !
. I stogh-market valuations leaves as choice the rate of growtl of value ad-
k]

* ded. Ve can assume that the greater the past rate of growth of the value .

L]

M i "
‘ « added in an industry, the greater the present valuc of expected future

profits due to new anventiong and consequentlf, the greater the :flow of

patented inventions in the future. oo e

‘ - .
: : A

' Another possible pfé;y for profitability is the investment in
A .
. plant and equipment. The relationship between patented inventions and

’ investment was extensively studied by Schmookler and we refer to the ° .
\ ’ 4
’ discussion of his {indaings an the first chapter of this study.

¢ |

¥

‘However, !Minasian's 2 finding that R and D and)\ investment appear-
g . T .
. ¢d to be competiag for the same funds suggests that investment is not ne-

. o a

' gessarlly a goodsproxy for the portion of profit expecte fo\resﬁlt¢from

technical chenge through invention. Xuh's finding 3 that investment be-
¢! ~

~

haviour was better explained by sales than by profits, can be stated as
i anothe} objection against the-use of investment as a profitability proxy.

The empirical test of the investmént variable will show whether it adds
f ’
any explanatory power to the other exogenous variables. T e

@ » o

The last proxy for profitability is the ratio of exports to im-

Bm e s e sk

ports of the given industry. The competitiveness of manufacturiﬁg ex-

i

¥ 4

° .

a

. T
: . b s assumption is probably justified if we deal with a high level of -
s“ - v ] . 3
aggregation. Theoretically however, 'this is not necessarily the only .

* possible outcome; anticipation of important future profits will lead

t? inventive activity only 1f this actavity is considered to be at

Iegst ®s—good as or a better source of future profits than the other .
. available alternatives such as improved management, capital invest-

ment, etc.. &

Mir;asmn, op, cit. .

| E. Kuh, Capital Stock Growth: A Microeconomic Approach, (North-
i . Holland Pub. Co., Amsterdam, 1963).
[

n

N
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1

ports is believed to be determined to a great degroe/by the technelogical

adyance over competitors. Thus the high value of the ratio %% is like-
B} he r

5
.

ly to reflect high profits due to technical chanﬁb,

¢
N

3.2 (ross-scction Analysis of an international sample of manufacturing
wdustries, .
ANdustries

'

The basic hypothesis we vant to test\gﬁ}thdt the number of inven-
tions patented in an industry is a positive function of the present value

of the profits expected to result f{rom the use of those patented inven-

tions in the future. \

3 u
o
>
o 7

Fy
' We assune that the decision to invent 1s taken in the vear t, and

N I

the basis for evaluation of the present valug of the expected profits due

to the new inventions is the current performance of the industry. There-

“

‘e L] naen L38 e o 4
{ute, the profits dac to the technieal change for the vear t, are assumed
;

to serve as a base for estimating the expected profitability of future in-

[
EIY » '

ventions. 1 ; ; ;

. 3

The <decision to jnvent taken in period t, will be reflected by a

patent dssued at perifd (t +1). The dependent variable, the number of pa-
tented inventions at period (t +1) will be estimated from the "production 4 °

{ ) 1
N

vt

The view that the profit expectations are based on past and current
situation is well accepted in investment theory. See for example:

Jan Tinbergen and J.J. Polak, The Dynamics of Business Cycles, a
tudy an Lconomic Fluctuations, (Chicago 1950), pp. 166-167.

For a direct reference on R and D decision making in firms, see:
E. Mansfield, "Industrial Research and Development -Expenditures
Determinants, Prospects, and Relation to Size of Firm and Inventive
Output,' The Journal of Polit. Fconomv, Vol. LXXII, No 4 (August
1964) , pp. 319-340, ) ¢ .

.y
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function"[equatmnn (3.14) in the previous section), using various catego-

ries of R and D manpower-as the only "inventive" facté&.l
. . .
. Pue to the exploratory character of this study, we shall estimate

o

and report the results of several alternag}ve versions of the model., The
main differences ﬁetwcen the specifications of the first two versions are
in the type of R énﬁ D variatles used. This reflects the state of our
ignorance a5 far as what component of the data on R and D, not withstand-
iﬂg the accounting definitions ébplied in their collection, best reflects
the o}ganized inventive activity. We want, therefore, to test various
components of the R and D activity with respect to theiyr role th the 1in- ,
venting process. The first two versions consist of a.simultaneous system
of equations estamated by the two stages least square method. The use of

this estimation method is‘justifiéd not only on the ground of the simul- .

taneous character of the relationships analyzed but alse because of the

‘susRected reasurement pxpblem. As we cannot be sure that the demand for

t
~

the irventive manpower i

.

usgd, it 15 advantageous jto work with their predicted demand rather than

4

with the measured one.

2
@

v 3 L
"o

The last version is a single equat10n.specxf1catlod of the model.,

-

The two resulting efuations (3.14) and (3.15) of the theoretical "formula-
tion are obviously a rather simplified picture of tﬁe"complex reality they

purport to represent.  The unavailability of data for batents and R and D

; ‘ J

\ .
The time subscripts will be suppressed from now on for the sake of
clarity.

A

sed by Aigner c.f.
D.J. Aigner, Basic Econometrics, (Prentlce Hall Inc., N.J., 1971),
pp. 152-155,

L3 »
1 - - L] LI

The use of the 258 as a solutlon‘of the measurement pfoblem is discus~’

53

correctly measured by one of the R and Davariabies
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for more than one period imposed serious limitations on the choice of
variables and relationships available for empirical analysis. If we add

to this the problem of the interpretation of R and D' data, it becomes dif-

'

ficult to reject the temptation to simplify the specification of the model

by expressing i1t in a single equatidén testable by the ordinary least

squares method. Also, the cross-section analysis of production finctions 1

0

has shown very small differences betuecen the estimates resulting from or-

t

dinary least squares and two stages least squares and Griliches used this

~

as an argument to justify the use of a simple lcast square.estimation of

the sangle equation model.

<

The data which are described in detail in section 3.3, represent
a cross-section of obhservations on ten manufacturing industries from six

countries. It is obvious that the inventive activity and its economic

<

r-'-

Y ke e :
terminants will, to 2 zerta
;

n degree  be associated with country and
1ndustry specific differences. Industry dafferences in market structure

are lilelv to influence the conduct of firms in technological competition.
3 g P

Firms in highly concentrated industries have financial and technical re-

I

* sources to be technological leaders. ° On the other hand, the empirical

-
-

S

t

Hildrebrand § Liu reported both OLS and 2SLS estimates of production
function estimates that were very close:

G.H. Hildebrand and T.C. Liu, “Manufacturing Production Functlons in
the United States, 1957, (The N.Y. State School of Industrial and La-
bor Relations, Cornell University, Tthaca, N.Y., 1965).

2 Z. Graliches, "Production Functions in Manufacturing: Some Preliminary
Results,' The Theory and Fmpirical Analysis of Production, A Conference,
Studies i1n Income and Wealth, vol. 31, National Bureau of Economic Re-
search (Columbia Universiaty Press, N.Y., 1967), pp. 275-279.

]

See statement by J.K. Galbraith on this subject: '"...Benign Providence
has made the modern industry of a few large firms an almost perfect
instrument for inducing technical change.”

J.K. Galbraith, American Cﬂpntmllsm, (HHoughton Mifflin, rev. edition,
1965), P. 86,
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'

evidence suggests that lack of competition in highly concentrated indus-
< r

tries is conducave to technologaical stagnation. 1 It 1s not possible, 3

*

priori, to be sure which of the two tendencies is stronger. It will be

’

detemmined by the empirical data. We specify a. concentration variable

» o

Clh’ which, measures the percentage of the total employment of an industry

employed 1n firms with_more than five hundred employees.

.
e A el S

¢

- ® 1

Country specific differences are likely to exist for two redsons. o
Firét, national pateﬁf systems are not identical and we use the variable
patenting ratio Gh&to capture the inter-country differences existing amongs
national pétent systeﬁ;. There remains however, another\source of inter<
country differences, this one as ociated wiih national characteristlcsuin-
fluencing inventiveness. ‘According to theories of invention, these char-
acteristics may be associated with the level and organization of technical

R P A g N T
UL L L Ui, 3

. The quality, and therefore the productavity, of the R and D per-

sonnel is also likely to vary substantially between countries., For lack

plained by the two countfy specific variables Gh and Eh’ we introduce

u

country dummy variables, Xg.

3 ‘ ‘

The industry specific differences are likely to be more important
on the side of inventive input, i.e. affecting the duality, organization

and use ,of k and D and generally, the technological climate of an industry.

o / \ )

[

One of better known case studies is: .
W. Adams and J.B. Dirlam, "Big Stcel, Invention and Innovation," Quart- . !
erly Journal of Tconomics, (May, 1966), pp. 167-189 and the series o s
articles whlch‘followed.

w
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The economic variables and the aggregate R and D employment cannot be . ¢

eapected to explain all this industry specific variance. If we had avail-

able data on education dlsaggregatéﬁ&to an industry level, it could
prove wseful in providing additional explanatien. In absence of an addi-

tional variable of this sort we shall use industry dimmy, variables Yi’

to extract the inter-industry variance. This proxy will be used in the

first stage equation, predicting the R and D manpower. The ‘inter-indus-

a 7 '

try differences within national patent systems are less likely to show

} -
any determinate pattern but we shall experiment with the industry dummy

o

variables in the second stage to see if inclusion there may be helpful.

b

3.2.1 -Alternative specifications. °

The first.stage equations estimate the\ rehicted demgﬁﬂ for
the respective cacegory of R and.D personnel, The dependent variables are
regressed against all compatible predetermined variables of the modei.

The predetermined variables include the size of the i-th industry measured
by its sales S;y,» the proxies for profitability: the development expend-
iture deflated by salgs, D/Slh; the grouth rate of value added in the five
preceding years Vhlh,“xhe gTross inyestmeqt deflated by sales I/S1h’ the

ratio“of exports to imports EX/IMlh and the average size of firm gjih‘

To this list is added the concentration @;%:'Eﬁb patenting ratio G_, the
. .10 ¢ .
education variable Eh’ the industry dummy ariables diYi and the
- 6 2 i=1
country dummy variables I g, Xh. Some of the alternative profitability
. h=1"

[
t

’

3

o
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* @

proxies are not mutually exclusive; we estimate first the equation with

&

all of them (EX/IM, Vh, 1/8) included at the same time and then climfnate

those which are sifnificant at less than ‘70% level. All variables are

* transformed into logarithms. The general form of the lst stage equation-

3

w - ¥
1) log RDI, / S,p = log ag+ ajlog 8y + ajlog EX/TM, + aglog VA,

can be written as follows, .

-

+ a,log I/Sih%' aslog D/Slhi- aelqg Sjih

4 )
' . 10
+ a710g Cihq- 33£°g Eh*' aglog Ghﬁ- E diYi
- 6 1=] -
' + t log v, >
ooy B ih _

wliere the symbol RDIimﬁ stands for employment of various catdgories of R

S

and D manpower considered as inventive input. .

In the second stage of 2SLS, théknumber*of patented jnventions: \

-
8 Y

* w
deflaced by industyy-salcs pih / Sih’ 1e finction of the nredicted values

of R and D employment (inputs), the average flrm'size §..$, the concentra-
& v

tion percentage C.h, the patentlng ratio Gl ‘and the education variable Eh

. Alternatlvely, the vector of country dummy variables kh (h=1...6), is used,

1nstead of both G and F, . The defidition of inventive inputs, i.e. .of

h- h'
.the relevant categories of R and D employmegx, 1s constraangﬁkby fhe frame-

mork used for the comp11atlon of 1nternat10na1 R and D statistics by the

tie \
u

OECD. Basically, we have two alternatlves open to us. ¢ According to the
first, omnly applied research 1s considered ds an invention creating ac-

tivity and, accordipg to the second, both applied research and developmént

R

create patentable inventions. 1 For both alternatives, the R and D man-

” N %
} ]

The first alternative represents Kuznets' position, the second corres-
ponds broadly to Schmookler's. The discussion of identification and

measurcment of input of inventive activity 1s given in S. Kuznets, op.
cit., pp. 31-35, and J. Schmookler, "Comment™ to Kuznets' article, ibid.

-

1

1

“
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power cmployment may be broken down into two categories, the Qualified

Engineers and Scientists (QSE) and their supportang staff (ST).

o I3 v

3
v f

@

2

Version I. .

g,

- o . A Cow
In this specification we assume thdt fappligd, research, as defined

o

&

and measured by R and D statistics,.represents the organifed inventive ac-

- . .
wity. The inputs in the production function for patents will be the

o /\\ ; . P
_resgarch QSEAlh /‘Slh’ and their su?portlng staff STA1h / Slh or,alterna-

f

3 [

<
]

(II“-l) Log pihlsih = log b0+ bllog QSEfA‘ih J Slh + Tllog S’I‘o’-\ih / Sih ¥

bslog Sjlh-r b410g Clh-k bslog Gh +:b610g Eh P

a .LD “ o * »©
§ d ¥, + § gy © Xt loguy '
1=1 h=1

¢

- As pointed out above, the country speci%ic G and E varisbles cannot be es-

a &

timated simultaneously yWth the country dummy variables. We shall there-

fore try both alternatives and compare their results. Should. the estima-

~

tion of ithe patents as, a function of the two closely related inputs QSEA

i .

and STA fail because of a mult1collined¥1ty problem, appropriate changes

3 P N
in the specification will be introduced and discussed in the next section.
. e ' !

- ‘
Version IT, 4 o, " o

o
]

2

The definition of inyentive inputs is now extended to include both

ﬂc,-

- the employment in apg}ied research MRA and in development MD. An attempt
N

- L]

will also be made to use the breakdown of inputs to- the QSE) and Staff ca-

1 v

tegories for estimation. .

-

* %
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> log by v b,log MR\, / Sipt bplop MD. / S ¥

0

log ;Jihﬂ'bJIOg b1h4~ hslog Ghi' bblog Eh+
L4 10 l6 «
" " { ¥ A
1:1 de¥ hzl En'n” log U5y s )

A3

The same comments concerning country dummy variables and modifications ap-

ply here as in the cas¢ of Version I. There is only one important differ-

ence: the proflt proxies used in’ the first stage do not include the deve-
lopment proxy D/S,dcvelopment’ now being one of the jointly dependent var-

1ables. SR ' * .

v

[

Version III. . . . Y

1. '
.

In this specification, we estimate by the ordinary least squares

¢

. _method only one equatiomn resulting from dircct substitution of eqiation ‘.

0

hl

r
L S Sl 1 -

» ? * ) N i)
The estimation 1s performed for two variants corresponding respectlvely

o 3

to the first and second versions above. In the first variant, the profi-
tabilaty proxy 1is devq}opmept:deflated by sales D/’S.T In the second, we

use those of the three alternative profitability proxies which pass the

A i

test of being 51gnifica€§vé at a level higher than 70%. The two variants

of the Version IIT are generally specified as follows: L .

» - ' ~ .

+ (I1I-a) 1Og, Pih / Sih = lgbg ot cllog “D/Sih+ czlog 51(}1+ cslog V{1h+ .

c419g Sjih*' cslog Clhi- calqg Gh+- c7log Eh+
6 : 10 ¢ v e
Eg} %ﬁ z dY+1oguh T :

v

ok
R}

(111-b) }og pih4/ Sip © log ¢ + c,log I/S + czlog EX/IM. + feqlog VA ah

-

r ¢ log S'h cglog W ah b oeglog g)'l + c7Iog C, int

A

!

18Y mtn smmatian {35 141 in the thcoretlcal model of scctlon 3.0, ° ) -

(2

= we &
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¥

_ stages least souare method. Due to the unavaiiébili%y”%f data’on dagged . -

, . 60,
+ - 10 6 e
v ogglog G+ cjlog B+ % ALY + 0% * X,
u glo Gyt colog Fyx * 2 ¥+ T ogp v Xy
. ) 1=1 h=1 \
1 " T3
C 1, -
) Log Uine . . °
a “m N ,
. ® “ ISR v
5.2.2 [Estimation procedure., . .
. ° - . . .
There wre “several econometric prohlens velaved to the.pro~ .

‘p

posed sﬁpcifieaymon and to the.only gvailable cross»section data.‘ The

‘ " 4

simultancous naturc of thp relationships between the jointly depcndent
var1ab1055 i.e.-the number of patented inventions, the R and D employment

and the wage rate of the R and P personnel, Tequires the use of one of

. -

the estxmatlon methods appropfiate to 1nterdependent 11near systems. v

v

The equation we are intercsted in 1s the production functlon for patented

! o ? L) ) 2

inventions vhich, as thecmank eriteria for the 1dent1f1cat1ongshow$, is ‘

D
Y « “ a

over-identified; We shall estimate its.coefEicients by(applying‘the two‘-

'u

- - v " ' .
employment of R %nd D"personnel mentioned earlier in the theoretical part’
f ° N LN ol - ! "4 N

of section 3.1, we cannot estimate the equation of the demand for R and.D -’ .

¢
"

personnel. The equation expressing R and D emplbyment as ‘a function of

all predetermlned variables in the system 18 therefore,not to be 1nter— .

» - L - N
P

preted as the demahd function for Rand D persopnel - it 1s only'the first
L] M L") » N f#

stage of the 2515 estlmat1on procedure. .

“ “ @

’ N -
- 0 \ & o

~ - u [
.y

The ¢ross- sectlon sample consists of .0bservations on units of wi-~

s - » y s 2 . a s '
dely differing sizes. There as'thgyefore“an d priori possibility that

Y - L

! » »

" dne of the basic assumptions for the use of single and tao stages least, **

" N

squares method will be violated by the variation of the var1ance of the

s
a - B a,x .

dependent.varlable over qbservatlons, i .e. by the presence of heteroscedas-
L > [ “ € “

LY
u

ticity. -However, thls p0551b111ty should be ellmlnated in our speclflcatlon

o

by the logarithmic traQ§fdrmatiou of both dependgnt and independent varia- .

P - ® + 2
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. Y gt 1
hle and the use of the stochastic term in multiplicative form, The use
of cross-section data for a sample of industries originating in several

countries leads to several methodological problems for the estimation and

y
-

anterpretation of results. According to the theoretical model, inter-~

industry differences in the demand function for the R and D personnel are

(AN
to be expected. The industry dummy variables are specified in the first
d

" .
stage equations to capture the interjmdustry differences and to translate

.

w

Aigner shows ‘that the logarithmic transformation forces homoscedascity
on a nultiplicatmve function such as ours. The estimates of the regres-
sion coefficrents will maintain their BLUL preperties, cxcept. for the
, intercept coefficient which will be biased downwards hy E(log €) < 0.
The shetch of the proof is as follows: 8 8 g
"Let. us have a function y = BO xll . x 2 ... xkk T

If heterosceoasc1ty exists then the variation in y (conditional on s
b ,“x, care XL] 1s proportional to the squarved cond1t10na1 expectatxon
of v.”

Ely-F (y/ {x })3 = [F (y/ {x })]“ 2 -~

Transforming the deperdent and 1ndependent variables anto 1ogar1thms,
we force homoscedascity,

E (log ¥) = log 30 ¢ Sllog Xt ”210g Xy eenen Sk10§ X

@

(1) log y = log Sc-r ellog X r Bglog X, R Bklog Xt log €’
Let us define ¢* = log ¢ -~ E(log €}, E(e*) =
The it 1s possible to write: .
9 =
(2) log y = log Boﬁ' E{log ) + Bllog xl+¥ 8210g Xyt e Bklgg Xt e*

*

i

(3) log y = E(log y) - €*

so that the conditional'variance of log y is just the conditional

*
variance of * E(E} 2) a constant over "(Xj)~

For details see: Aigner, oE.'cit‘, pp. 164-166.

2, Methodologltal problems concarnlng cross~section analysis of industries

plocated in different geographical areas (states in US) were discussed
by authors working on production functipn measurement. In what follows,
I will borrow the approach used by Griliches:
- Griliches, op. cit., pp. 275-279.

-

s

L4
v

v
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then into industry specific intercepts of the repression function.1 Th

4

mnterindustry differences remaining in the second -stage equation, after

* they have been accnungpd for by dummy variables in the first stage, are
g h )
*

”
dafficult to predigt. © We shall experiment with industry dummy variables

¢
’

and 1eport the reedlts. , .

. - 5

.

By imposing the same regression coefficiemtson all industries ins

the sample we, in fact, csélmate the weighted averapes of coiresponding
individual industry coefficients. & The statxstically; perhapg more satis-
’faetory approa?ﬁ‘ ofiestimating equations separately for individual indué-
trics 1s not feasible here because the number of obscrvations is inEuffi-

. \

cient. On the other hand, we are interested in the general reiationship

1y NN s n K .

existing between patented inventions and economic variables for the inter-

national sample as a whole.

\
. Tﬁe country’ specific differences are to be-reflected in the regres-

[y

“

sion coefficients of the G and [ variables. Both*xmables .are country

- .

The more complete use of dummy variables for both intercept and slope
coefficient cannot be applied here because of the relatively smill
sample. Specification of intercept - slope dummies would drastically
reduce the available degrees of freedom.

1f the productivity of R and D persomnel were homogeneous across the

‘ industries of the sample and if there were no other industry specific
influences affecting the output-of patents, there would be no inter-
industry differences left in the 2nd stage equation. To what extent
this strong assumption is justified can only be determined by emplrlcal
investigataion, .

The ordinary least square estimates 6f b, (k=1, 2) will be unbiased and
consistent estimates of a general weighted average (with welghts addlng

to unity) of the corresponding true industry coefficients bk (k=1,

=1 .., 10; j=1 ... 6) plus a general weighted average with

weights that sum to zero for each set of non corresponding industry coef-
ficients. This latter term drops out 1f there 1s no particular corre-
lation between the various coefficients and the apérage deviations of

the independent variables in the order industrleJi\\b o

- e g
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A " k
specifie, thorcf:ore, it is impossible to include country dummy variables ’

at the sume time with G and E;variable;ﬂ* In oréer to find out whether

' S
there remains an important part of intcr~coﬁntfy variance not reflected by
the 6 and L yarJAhies, wo replage them cxpurimental%z by country *;mmy‘ :
variables and comparc the two es”ci;?t\:\x‘tu&.qquati::)ns.

w »

Y
v

The specafications ‘using two or ‘more closcly related inputs in the

2ndy stage estimation of the production function may lead to multicollineari~

S

sptCZLfl tions bylleaving this problem for the next sectiom, .
&

N v N ] ] R L 4 L
N
. The Xgsults of estimated equations are presented and afiterpreted t
A F v
\ " [
in the next chapter. 5 . L oy R
#E v ' -
3 N o N - P 5, S
3.3 The data and the variables. . v ‘ \] “
. , . | T
We present here a braef description of “the variables used in the
crossmsection analysis. * ‘ . )
v A}
The first part is devoted to a methodological discussion of the .

! &
data on patenting, followed by a description of some preliminary tests of

hypotheses performed on the patent data that justify the choice of the:

[
w

dependent variables in the described form. -

f It . .

3 v

The second part of this section'contains a description and discus-

sion of the main explanatory variables of the model. 5 » ,

I k]
- Nt FRi )

The details coticerning the sources of éata, methodology of samp!_.gﬁg

-
A -

. . v LA .
procedure from the national patent\statxstics and other detaxls concerning

v ~ -

b
A v

data, as well as the table contaiming the valpfs of variables used, are

- .

u

R

e -
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. L \

3.3.1 Data on patenting. .

N

Asewas already stated at the beginning of chapter 3, we are

analyzing the internatiopal distribution of patented inventions aggregated

on the two digit manuXacturing industry+<level. Thus, logically, the nﬁm—\\

N

ber of patents awarded Ws the variable to be explained.

\)

’ -

®

. Unfortunately, the situation is not as simple as 1t appears.

»

There are several methodological’ékdblems,to be solved before we can at-

. tempt to tachle the most tedlods practical problem of cqllecting the rele-

& . . 3l ) N . .
vant Information from national pctent statistics. The first one 1s to

<

i

A -

r: R TR v

reselve the qubﬁzggn of whetlier the number of patents 1s a correct measure
ot N ¢

of invenfive activity. 1 We may ﬁ%ytly avoxd‘the préklem by directly con~

o

. 4

- 2 A4 ~ Ll ! L] )
siderin tthe nufber of patents awasded ds iheendogencods variablc to BC
g - N P b
t , ' N

1y Y

-

.

explained, without iqgistihg on its being the correct measure of invent~
A 13 L4

ive activity., . . -

R . o
.
«
"
' g ‘/J\
N - v \l A Y - ' .

. In order to test our model, it is necessary 2 to distinguish
L8 3 o b » ~

~ I o vy

. i N
between patents awarded in country-h, to resident invéntors (we shall o

) N .
i El

-

v

Voo

1
’

© o o o8

a

»

For our study, the measure of inventive activity j}s‘the number of -
patents granted, The methodological problems related to the use of »
patented inventions as a measure of anventive 4ctivity have been ex-
. tensively discussed in the litergture, £.g. '

4

n

The Rate and Direction of Inventive Activity, (Princeton University

'S, Kuznets, "Inventive Activity; Problems df Definition and l‘»le.:tsurtemam:,‘“eW

x

Press), 1962, I . !
J. Schmookler, "Comment" to the Kuznets'article, ibad, pp. 44-45.
B. Sanders, "Comment", ibid. ) '

P
a

2 The necessity to distinguish between the two categories of patentee$ .

is demonstrated in the following part of this section. .

» &

Y N

S
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¢all them nataionals) whose inventive activity is believed to be directly
associate% with the size of the marhet and withwR and D effoxt of the

L™
given industry, and patentg awarded to foreigners\whose invgntive activity

’

15 believed to respond pramarly to ecconomic stimuli and the R and D ef- )
i

[
fort of their home country. The sccond crateria of classification is ag- |
1 @ :
gregation on the level of two digit manufacturlnf industries. Theoretical-\

ly, 'there are two options to choose- from: classification of inventions
. " . \
eithbq according to the iffdlstry of their agégin or according to\}he in-

dustry of their use. 1 As we wint to relate the number of patented in-
ventions ngt -only to the size of the market but ‘also to R and D activities
that created them, the industry of origin secms to be a more appropriate

choice 2 and 1§;§aeg§ the only available one. N

—_ . L S

The details-of the methodology used in reclassification of paténts
\ o

- |
according to the above mentioned criteria and the sampling procedure used

-

- ; . X
are described in 4ﬁ§cndi§ C. It also contains an estimate of the patent

l

» v

b

t
f

1 Schmookler, *(Op. cit., p. 166-178), illustrates the two possibilities’

by using an anput-output type of table, where the invention is con-
sidered as th input or output accordmng to whether'it is used by an SN
1nnustry or invented by an-industry. " The dastanction is important

- even when very often, 1t is the same:andustry who creates and uses its
own invention, Although theoretmcally, both criteria of classification
could be used, 1t 1s practically impossible to classify the patents by.
the industry'of their use unless we have direct infdrmation from all .
firms. This information is obviously not available for an international
sample like ours. . v

T

o

By applying this criterium of classification, we are in “fact assumlng v,
that 1f a given industry, let us say producing a capltal good, doés mot
directly serves the consumer market, an invention 1mprov1ng this capi~ *

€§?g::::> tal good is stimulated by the derived demand for the capital good,: e.g. g

by the size of the market of the andustry produc1ng this capital good.
' Of course, in the case of .aj invention directly improving a consumer
good invented in the industry, the size of the marhet of this 1ndustry
is tle relevant measure, . .

> " ~

“an
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distributaion, classified by industry of origin and two classes of inventors .
) .
(national / foreigner) for each of the six countries of the sample for

1967, cxtrapolated {from the analysed samples. '

I
7

The data on patenting lend themselves to tosts of two hypotheses
that should be rejected before a meaningful analysis of economic deter- -

munants of inventive activaty can be undertaken, The first hypothcs;§ to

A .
- s “ .

»be rejected 1s that inventive activity 1s a random process. In order to

\
]

test this p0551gility, we adopt two restrictive assumptions: 1) The mim- -
ber of patents awarded rcflect‘ihe inventive activity uniformly among
countries; 2) The national ﬁAtent systems are comparable}'especially
‘as'tor the eriteria of patentability. We adoﬁt the first assumption with .

regservation that if there are some inter-country differences in the propen- >

sity to patent"lnGentions, these differences should be negligible in the

Lo

wadL O
the same basic.economic system as 1s the case of the countries in our sam-
ple. TFhe importance of those differences should be found negligible in

comparison with the inter-country differences associated with the diffe~

rences in industraal structure. Thas will be object of our second test.

» 8 ! '

As for the aSSﬁmption of comparability of the variocus national

patent systems, we shall maintain it at first in spate of the many possible

S

objections which may be raised against. If the international distribution

of patents 1s found to ﬁe the result of a random process, then it would be
I -

difficult to claim that!the differences existing among national patent
| s

systems were of a such a character as to contribute to the randomness of

the patentlng.\\bn the other hand, if the hypothesis of the random patent-

’ .

ing is rejected, then the forthcoming analysis will cnable us to identify



A

Laide B

4

s ) . 07

| «

the nataonal pecifarities in the muber of patents awarded and 1t will

be possible to analyze to what.extent (approaximately) they may be attri-

buted to inteinat:ional differences in the critgpia of patentability.

o

o
3 o hd £e

Accordiﬁg to the criteria of nQvelty which is applied by all

national patent systems as one of the prerequisites’to a patent grant,

+

> »

new inventions patented by ngglonals;in the country' ef their origin form

disjoant subsets (partitions) of the set of all new inventions. Thus

v
-

each invention ‘patented by 1ts inventor in the country of its origin is
P y ;4 B

counted, only once in tgg pool of countries forming the sample. 1 We may

a

therefore postulate ou}’hypcthesis in terms of a single classification

°

’
problem as follows: »

a @

1f the inventive actiyity and therefore patenting were a random process,

we would expect the nurber of patents awarded to nationals in a giyen~égﬁn-

try to be distributed among countries according to the distribution of ~

to

tal population. To test this hypothesis, ’we have constructed a simple

one wey classification table for anJexiinded sample of countries, contain-

ing the main industrialized countries of the world hlth exception of the

socialist couatries of Bastern Europe, and calculated the chi-square statis-

'

@

&

)

3

There 15 Mo obllgatlon in the national patent laws that an invention

be farst patented 1h‘the country of 1ts orfgin. However, in the majori-
-ty of cases, this 1s the common practice; the grant of patent in the
-country of origin gives the inventor a right of priority for twelve
months in all.othex countr es of the International Union for the Pro-

tgetion of Industrial Property. s
For details concerning international implications of the Patent System
see, e.g., ' o
. E.T. Penrose, Leonomics of the International Pﬁtent System, (The John
,H0pk1ns Press, 1951}, _ c . )
" « 2 :{ . hd - Lac ‘ °
o'J:: ' “ : ) *

a (X ) L) i o

3



Table 3.1

K

International Distribution of Patents and Population

t

e

fi. Observed Population I'i: Fapected (£1-Fi) (fz-Fi}z
No of patents  in 1963 No of patents F1
to nationals (in.10°) to nationals )
' P {total)
Germany 11520 55430 ; - 12408 - 888 63
Belgium 1586 9290 -~ 72082 - 496 118
France . 15246 47816 4 10714 4532 1017
Canada 1263 18967 - 4249 - 2986 2098
Japan |" 15877 95900 | - 21476 - 7599 | 2688
Steden 1776 7604 P 1706 - 70| 3
U.K. 13945 53637 + 12000 1936 312
Austria 1188 7172 - 1610 - 422 111
Denmark 338 4684 - 1053 . -~ 715 485
Italy 9067 50641 - 11343 - 2207] 465
u.s. 51274 189417 1 42409 8855 | 1848 _
b 121059 540555 & 121059 10108 = x

w2 = 10108 > 25.19 (at 99.5% probability) ,
We reject the hypothesis that the patents are distributed according
to population e.g. randomly.
* Data for 1968,
** The numbers of specifications filed.
Sources: Patent data: Industrial Property - Dec. 1968, Annex, Chart Ia, .

) BIRPI, Geneva, 1968. . N

Demographic Yearbook, 1970, (United Nations, ,
N.Y., 1971), Table 2.

Population data:
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tics (sge Table 3.1). 1 The calculation of chi-square shows that the hypo- -~

4

% .
thesis of a random distribution of patents among countries must be reject-

ed beyond any doubt,

*
i

4

The random character g¢f the international distribution of patents

[y

being rejected, the next question is vhether there is any meﬁnlngful dif-

S~

ference between the number of patents grantqg to nationals and to for-

3

. \ . 2" . PR
exgners when the patfnts are classified according to the industry of origin.

' [

A i

°

ties in a form suitable for'hnéﬁering this question and therefo&g\the u-
blished patent statistics pfésent very litfle real information on the

. . . 2
relative strength or weakness of a country's inventive output.

- )

’
)

'We have used the pericdical publications of national patent’of-

.
fices Jud wustracted 3 randem sarple of avarded patente during the year

¥

The observation for this test being the number of patents awarded to
nationals, we were able to use the published statistics from Industrial
Property, op. cit., and test the hypothesis for a greater sample than
the one we shall use in subsequent analysis. The socialist countries
were not included in order to maintain a certain homogene¥ly of the
sample with respect to econonic system. However, inclusion of the
socialist countries would not have changed the result-of the test, It
would .have been more appropriate to associate the number of‘patents
v1th the number of educated adults or with the number of working
adults, The overvhelming rejection of the hypothesis calculated for’
total population shows however that at would not have changed anythaing
in the sbbstance of the argument.
2 The sole quasi-exception to' this critaque is Japan,which publishes ‘
= annually a break down of patent appllcatlons according to patent clas~ -
ses, industries and (national/foreigner)- inventors.
See: Statistical Report of Industrial Property; 1971, (Patent Offlce,
Ministry of International ITrade and, Industry, Japan, Tokyo). ¢

1

@
[ v 3 $ e

Unfortunately, no country in the world publishesqihe patent statis- .

T

a
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patents awarded to nationals of the h-th country and to foreigners.

¢ » 70 .

o
] -

1967 for cach of the six countries included in.our stuly. 1 The patgnﬁs

s

L4
awarded in an h-th country were then classified according to the industry 2

of origin and broken down, according to the origin of the inventor, into

"

1

* v v

The two-way classification tables constructed for each country

revealed that the dastribution of patents according to the two criteria,

w

i.e, according to industry and origin of inventor, is not independent: ,

the number of patents awarded in country-h, to her nationalf and to for-
v »

eigners in industry i, 1s not independent of the distribution of patents .

- »
N 13

among industries in the given country. Results in Table 3.2 show that

5

the distinction between: the number of patents granted in a couﬁtry-h to

-

her nationals and to foreigners, broken down according to the industry

[ -

of origin, as necessary for further analysis.® Therefore, the main
derendent warinhie of the study will be' the number, i.e. the annual flow

of patented inventions created by nationals of the h-th country and .

patented in the i-th industry of cauntry h during the calendar year 1967, 3 &

- . |
.

« A

A
deflgted by sales, :

1
“
o

- )

1 The six,countries eventua11y=inclﬁded were those for which we were able

" to find patent data ain‘a form allowing reclassification according to
ISIC and for which data for P and D and for industrial production were
available in sufficient detail. The countries included are: Canada,
Belgium, France, Germany (Tederal), Japan and Sweden. The details con-
cerning sampling and reclassification are in Appendix°D.

w

See Appendix €, Tables 1 to 6. ) . .
Although it would have been very desirable for further analysis to have
had the data on patenting for several periods, the time and effort required
to collect the patenting data from the technical publications of national
patent offices for only one year were such that the idea to repeat this
exercice had to be abandoned, In order to leave the specifications of
the estimated equations in a general notation, we use the time symbol in
its general form (t +1). Through out fhé)emp1rical part of the study,
the period (t +1) is the year 1967. 1967 was chosen because, according
to the majority of empirical studies of inventing and patenting activity,
the average lag between the beginning of the inventive activity and patent-
ing of an inverftion is approximately 4 years.

&

’
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Table 3.2: Results of the Two-way Classification Test o

1
L4 N M
- ®

3 \ N
Results of the two-way classification tests for the dastribution

[

a

of the number of patents awarded, classified according to the 1-fdustry

>

. .
of origin and according to-the origin of inventor,

at ac

) . . , o
v b‘ ‘ f
' Chi-square a4.f, Chi-square (ng 5)
Country s calculated for[rejectlon '
0 W - of(yg{lndeppndence) ¥
Belgium 432,12 10 25.19 K
- Casada 7072 . 7 20.28
Ce Fratce 1608. 34 8 . 21.96 ' ~
‘ Germary 214.56 8 21.96
' ’ .4 Japan .539.43 6 18.55
! ] . | Sweden 525,12 11 26.76 )
i ? . . .
E k4
. ] ~
: ‘
1 ’ ) ’rﬂ_,,LN‘V
I . o 1
!
g b4
b ]
{
!
i
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' 3.3.2 Other wvaridables. -
~ .
a ‘ - . o ¢

3 N 1Tlm llst of data starts with measures of the hﬂrket demand.ﬁ

Ao
-

3 B ‘v

‘ ~ The first one, theoretlcally the” most appropriate is the value of industry

3y ~ e

. sales S;h. 1 The available statistics in most cases give the value 3

a

. + - deliveries, evaluated at cufrent prices in national currencies. Thel|dif-
L1 N RN

. v . by .

. as well as the deviations.of exchange rates from the real purcha51ng

. ferences of price levels for comparahle products in different countrie
= ° -
l\yowe

. of different ‘national currenc1es make dxrect c0mparison of" the value of

_deliveries between dlféérent countrles of the sample difficult.® Howe er,

-

our unit of "observation 1s one national industry, so the variables-re-

N o s . 9 v )

LT * main related between them§é3ves and the above mentioned pr?blems gf con-
- o :~ '~para%i1ity will arise only when we sﬁail try éo draw soﬁe conclusions fpr,
R .
L “ thgvsamﬁle as a whole, fgr mstance wheﬁ the value of regression coef-
‘ IQ . ficients is u%terpreted. The use of country Aty variable§ should égﬁ*} .
,‘b‘. o ’ tlally offset this problem, - ) :"3~‘ N \ '

a ' ) x‘
/ T f ’ Before we can define the variables measured by the R and D 3
. s . » |

¢ : 3 t
statistics, it 1s necessary to stress that in spite of the uniform interma
¥ ~ 4

, tional methedology underlying accounting of R and D expenditures and man- %

. . . v »
power data, 1t 1s difficult to\;gsoc1ate those statrstics with the usual |
e ? ' ' b ¢
. categories of technological change stch as invention, iynovatiog and imi-
, } a _v N Aa

~ - - . P

.
. a
“w » » - L B

B3 . F] * L]

i ’ ‘ ~
. 1 Here 1t is necessary to point out the differences that exist, on the
o theoretical level, between the‘uses of size variables. The profitabi

; whole rather than on the size of the firm performlng the inventive ’
‘ activity since theymotivation for thé invention is supposed to be the
' ‘ potential demandﬂ;} the whole industry.

¢ = On the contrary; when we are interested in the existence of the econo-
. mies of scale or in the relatidnships between the cost of inventi ng
. . and the size variables, then the relevant variable is the :size-of the'
. N - firm,
i”Q . s [ .
[
i

lity of an invention is likely to depend on the industry's size as 2 .
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IR . ’ '
« + tation, The existing accounting of R and D expenditures for the business

il

sector only partially reflects the ¢omponents introduced in our model and

- ~ 4
. it is a well known fact that in reality the distinction between the vari-

ous types oﬁ R and D, that is betweén the basic and applied research and
between the development, is always bOmewhat artificial and thereforc uu-
realistic. As the controversy between Kuznets and Schmookler indicated,

l there is not even unanimity among theerists as to which R and D component

: measures inventive activity, - .

) .

‘ We shall first use Kuznets! approach and identify inventive acti-

'

vity with applied research. Therefore, in specifications of Version I, we
assume that the invéntive input is measured by the personnel engagdd in

\ agplied Tesearch MRA h* As the total manpower affected to applied research

: mayinot correctly reflect the inventive input, we use the number of quali-
3
y tied scientists and eﬁglneers engaged in applied research QSEAih and sepa~

" -

# L - Lo .
. . rately their supporting staff STAih' Other varlables intended to measure

n

“ N L ‘the 1nventive work are-kﬁe personnel employed both in applied research and

o 3
v P

Alfdevelopment MRAD, h-and txe personnel employed in development only MD, ih’
8 *the*iatf%r co&respondlng to Schmookler's interpretation and the former re-

N .
o N T é;esentlng a compromise canciliating both positions.
“ i

AR

\\

» ¢ [
3 * ‘
¢ kS
#

. . . ) The average wage rate W. ik’ paid to R and D personnelk is derlved

N
< L))

3
.as the ratxo of labor cost &f all R and D personnel to total manpower

8 ‘mi\ ‘ woxking on gyﬁnd D - 1n full ime equivalent. The-wage rate 1s therefore
- H ,1 - ! W 3 N
Y ’ calculated in $/man-year. The development proxy far the profrtability

w
L w
A a .

’ oiﬁznvegflon D/S. ih’ w111 be used in value terms, i.é, the,industry's

3
% ’ \ “ N p »

«
. “ )

”
i
%
2

" 1 N
! Kuznets, op, cit., pp. 44-45.. L -\ .
7 4

N N ' \ o
.
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" - total developmont‘outlayb, deflated by the value of the andustry's sales,
- .

"1

u “« *

A N f
o ® @ ° °

- As for the other proxies for profitability, the data on industry

w “

grofits beang unavailable, we shall usc the rate of growth of v1alue added

%Alh' The grawth rate is calculated by the terminal ye&r method 1 using |
the .andex minbers of indwétrial production for the 1958 to 1963 period.

. on a - a B

The alternative proxy for profitability 15 the valueof gross investment
an plant and equxpmentvéeflated'by,the value of sales I/Slh' The last

p%oxy for prOfltdbllltyﬁés the ratio o%wexportsﬁto imports EX/IMih. The

@

value of exports and amports -for each indnstry is calculated from the OECD

i L)

“coﬁﬁoditx,p}ade statistics for the base year 1963, The'aVerage size of

o

Jlﬁ is calculated .as the ratio of industry's sales to the number of

¥ PR

" establishments. Closely related to the-average size of firm of an indus-

+ 0
= 1) - hd

try 1s,1ts concentrafion. The only internationaly comparable measure of

L] ¢ ° [

industry toncentration i1s the proportion of the tatal employment of an
RO ,

industry employed in firms with rore than five rundred employees Clh‘

The list of explanatory variables is closed by two variables which ought

to express national influences on patenting mot related to particular in-

° £

dustries. The first, the patenting ratio G, is the ratio of the number

Y

of patents granted to patent applications 1n the h-th country and period

P

(t+1), i.e, 1967 to nationals., This variable summarizes most of the
national influences on patenting. When a country has a relatively lenient

screening system for patent applications, the proportion of applications

3 1

refused for lack of novelty or for lack of practical ﬁtllity is relétively

o

low.and, therefore, its patenting ratio 1s higher than 1n countries with

3
; .

- " -

[
! For details, see Appendix C, note e. ’

§

2
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more rigorous patent regulations. The lower the value G of a country,

the higher the nunther of patént . applications an this country, assuming

- 3

al? other things equal. Thus, weé expect a negative relationship to .- :

° "
»

appear between patents.granted and the patenting-gaii N ) .

o
e
.

The overall level of inventive activity in an h-th country will

® NS 5
. s

also be influenced by the technical level of its working forcé. _{The var-

2 ) - ! 3 b
iable we shall use is the number of enmginecrs and technicians to the
] »

total employment of the manufacturing sector of the h-th country Eh' ' '

- 3
¢
U
- [

The market structure.of an industry is likely to 1n£iugyce strong-
ly technological competifiveness, ‘the level of R and D activity and possi-
Aha

bly the output of patented inventions. The concentration variable Eih is
™ , .
defined as the percentage of the total employment of a given industry,

3

B
3

1 S . P £
Lollveluiabtd Lo Piimd with more than £ h “"1'“3\19 omployoes., We ave
»

aware that this is not the most appropriate measure of concentration,

but 1t was the only one for which the <internationally comparable data

v

were available.’

- N \

v n
‘
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- e\, T CHAPTER IV
’ ; ~ “L RESULTS' OF THE FMPIRICAL ANALYSIS ,

2 v N

\ ¥ ' ot e ,

.
©

The*rdsults will be presented with reference to the versions of

L]

. specifications lasted in section 3.2.1.

. .y
5 .

N

1 . . R .
the discussion, the results. of various versions are not in ull cases
& »
& 2 &.\ \ - -
. . ) .. ) . .
strlctlx‘comparable, because the data matrix gsgd for' their calculation

4 5

" K ,did-not always include all ubservatiops.1 Although a series of explana-

[ " : <

o . tory regression analysis in ghe initial stage of this study, Were made
4 .

! béfore the, theoretlcal and emplrlcal nodels were:constructed in the .pre~

> R

seit form, their r Sults wexe not used to "1mprove" the est;mat1on of :

N ¢ ae

. ) the equations presented here. Thus, although the preliminary empirical .

~ » ¢ 3

b resuxts admlttedly he§ped my understanding bf the relatlonshxps between

- ’ the analy*ed vnrlables, the results of the estlmatmoné presented here

,u

: ‘ " ¢can be con51dered as belng a "corrcqt“‘test of the hypotnesxs advan&ed

. #ith the levels of statistical significance of the resul'ts as 1ndicated
= n‘ . - . 3 s ‘/
« in, the tab1e§.2 ’
P - o N o

® 1)

) <4.1. Version I .
»

-

L]

1 & Y
Befgre we present 2md interpret results of the estimatioft of

1 +
' w o

: the second stage equatlons,whlch are our main 1ntergs we.review the

m

" v results of the 1st stage. We estlmated equations predlctlng the cequis

oy

- . . e 3
» ® _1librium employment "of 1nvent1ve factors as a function of ali predeter~ .
“ N ¥ k&r o ‘ N e P o .
mined Varlables of ;ie model All{pro£1ﬁab;11;y proxies Were included at
wo Y LN “E oA

2 v RN .1,,
b ¢+ * ! " - - WA o “
- , A “« o

. Y ' - ¢
L N 4 N l' . °

tlmatesp51gnlflcant at the;1% leyel are 1ndxcated by two asterlsks.
' . “same also applies.to F—ratios. -

As it will become clear during -

a

1. The detalls concernxngfﬁhservat1ons used for estlmgxlon nf partxcular "
versions’are given in the legend of each "tabi® wlth regfeSSlon resuits. ~

2, Unless it IS'no% sPeclfie&ﬁptherw1se» the stat1stlca1 S@gnlfxcance 1eve1
. measuréd by the t-ratio is giv%a-ﬁn pircnth051s undeT “the _rospedtive “re-
‘ r9551of~eoef£ic1ents. Estxmates-sngnxflcant at the 5% level. are 1nd1~
_cated by ofe astarisk and qualified in the text as "smgﬁxflcant" Es—
The



the same timel, See Egquation (1), Table 4,1a. 'The investment and value |

added variables were not significaht and were consequently deleted

Y

. . .
" frgﬁ further computations. The development proxy D/S was the most
significant of all profitability proxies and it was, used in combination

with the export-impért proxy-in subsequent estimations of this first

. . - . N y P [

¢, stage equations. . < o
% .

' o ‘“l ) d '

' -

- ) ). - The size variable should) theoretically, have a fégrgssion

o ”

coefficient close to zero, because the influence of size of industry
4 w
»*

{ T is supposed to be eliminated b§ deflation of the dependent variables

by size, This is,what actually happened an equatmbn (2), -Table 4.1a,
\ M ’
’j‘f reestlmated thh only the two well behaved profltabllfty préxue;. Thus,

the s1ze of an 1ndustry did not influence the predlcted employmeg}rln

. .

v

'l i apylie4 research. There appeared, however, a weak, %nsigniflcant nega-
- . -, . av
‘ \%@"\ . ?ivn.rﬁ1a?i?nihip between the average size of firm g}ih and the e‘bloy-
{_" “ 5 ] ﬁéptgin aéplléd résearéﬁ per siles, Whep ﬁe realize Fhat Sﬁihiié thﬁ '
T o > ~avergge size of firm, we cannot Teadily claim&tﬁa; smaller firms employ

relatively moge R and D personiel per sales than the larger ofies. The,
‘ . |

i BN negative reflatlonsh%p between the average size of the firm in an industry

S
L)

! ; ' and the R and D employment per sales in this industry could also exist

if the generally more research irténsive industries such as electrical

i 5
machinery, chemistry and metallurgy had, on the average smaller firms

N . - [
D ' » s

o 2 ¢
1 F)
»

.

.

s

g
p

In order to use all alternative proxies fo

|- :$ fitability the sample
‘ . of observations had to be restricted to 27 rvations, excluding
- e observations for Germany, for which D breakdown did not
: c : ‘ single out a developmeng variable, and for Sweden, owing to unavai- .
. lable investment data. In addition, several other observations were
o . deleteéd because of‘-unavailable data for 1nVEStment and concentra-
i ' tion, ' e -
(’fq . - , Y . o -
, ¥ [ ® A A \ '
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comparcd with other industries, Our resulté,showl that after this rela-
tionship had been aceounted for, Fﬁcre still remained o ver} w%gk nega-
tive correlation between the average size of the firm in an indu;try and
its employment in applied rescarch, In addition, the goncentration -
variable was also negatively correlated with employment in applied re- |
~search. Owing to the low, statistical significéance of these negative
correlatiohs, we can conclude only very tentatively that the less con-

centrated industries, with smaller average size of firm-employed more

personnel in applied research per unit of sales than the more concentrated

. ones with larger average size of firm. Inclusion of industry dummy °

v

~

variables was seatistically sigmificant and indicated that there are

. \ a

TN S . R
significant interindustry differenges, as far as the predicted employ-
ment in applied resaarch per sales 1s“gonccrneé. With reference to

equation (3, 15) in the third chapter, the interindustry differences

R v

may beeattrlbuted to 1nter1ndu5try variations of this marl-up constant
and of elasﬁﬁp.ty of supply for Rand D personnet, In addition, devia- .

tions from equilibrium adjustment to profit maximizing demand for Rand D

o

personnel in each industry may also lcad to interindustry differences
captured by dummy variables., The intercept of the regression plane

for the chemical industry and to a lesser degree, also for metallurgy and
A

electrical machinery shifted Bpwards, The opposite.was true for nofi-

electrical machinery and thestextile industry. Tﬁus;‘géggris‘paribus,

p Tmee e LN
i N

- -

»

AU

The relﬁtlonshlp bétween QSEA/S , . and research intensity &f an
1ndustry was analyzed by means_( o? thg}regre551on. "
QSEA/S Jp =73-06 + 176 Z- 0,21 S, 5ih’ where Z is a dummy variable assumlng

(-18.3) (5.5)(~1.3) ..
unitary value for the following research intensime industries: metal-

lurgv, electrical machinery and chemistry,

— ,



for a given level of profitability employment in applicd research
) relative to sales was highest in chemical, metallurgical and electrical

industries and lowest in mechanical and-textile industries.

¢ x

3

2

Table t.la also includes 'equation (4) from which the concen-

@

tration variable was deleted., Elaimination of the concentration varia-

{

ble ecnabled us to include in this sam%le those observations for which

value of the concentration variable was unavailable, The results show

that consenyuently the statistical significanc§ of the estimated coef-
ficients improzed, but the estimated coefficients did not change signi-

-

A v

{ficantly.

’
¢ * 4
4

o

N The good fit of the estimated equations shows that the predicted

-

level of employment in apnlied resedarch is not substantially dafferent
-

from the observed level, It is thercfore interesting, from the empirical

point of view, to find out,which observations deviated most from the
predicted level and whether there is any regular pattern in the residuals.

A ﬁcrusal of residuals, not presented in Table 4.1,showed that the devia-

" 1

tions of actual, {rom predictéd values of OSEA/S do not indicate presence
7 > . o '
of heéteroscedascity. However the majority of Canadianl, and to a some-~

¢ what lessér degree the majority of Swedish industries as~we11,dppeared
; éo have lower actual employment OSEA/S than the predicted one, On the

“

other hand, the French and Belgian industries exhibited an opposite trend.

3
<
ror N ] “,,'w

T " ’

: All Canadian industries except metallupgy,mlnerals and rubber employed
_.x w8« fewer qualified engineers and scientists in applied research than pre- .
“dicted by the regression, 0Thb cause could be either a different

distribution of Rand D effort’in-Canada’or a general technological

lagfof Canada behind other countries, e*g15 owing to foreign control, )
ec

We’ return to this problem in the next section, .
H ’ a
1 - P 3 a
. " - /
& ‘ ‘~ ¢ / . . ; ¥
. ¥ ~
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.” The first stage equation for predicted empldyment of supporting

o staff per‘unit gf.sales STA/S, resulted.in estimates similar to those

°
-

> & . u . 1
discussed above, *It does.not need,” théréfore, any further comments,
' b % H - M w© w

The estimated coefficients ar. presented in qquafgon (5), Tuble 4,1a,

k4

The predlcicd levels of Rand D employhent deflated by ndusfry
hid

- 4

- @ v
sales were used as inputs for estimaticn of, thesaumber of patented .

the two

ther with

coeffi-

»

.cignfs suffered from high standard errors and were very Sensitive to

&

>

¢ %
. inclasion.of dummy variables., A check of correlation existing betweeh

the two input categories confirmed,tﬁébsuspicion that the probllem is

5

due td'multicollinearity between~QSﬁA/S and STA/S.1

] —- - ¢ - N

PR3

‘ Econometric "theory offers two partial solutions for the extreme

»

and near extre.de multicallinearityz. According to the first one, it is
possible to obtain an unbiased estimate of a’ linear combinatioL of para-
meters, Thus, refe&ring to equation {3.2.2), instead of atézm ting fo
estimate separately by and b, for the two correlated inputs log QSEA/S

and log STA/S, their sum (by + b,) was estimated as reported in Table

4,1.b, Let us concentrate on equation (3), which includes all variables

. Y " o

a

log STA/S . = 0.56 + 0.951 log QSEA/S..*  R® = 0.68l. j
1h (9.1) ih

1

e
o

2 For general treatment see e.g, H, Theil, Prin¢iples of Econometrics,
John Wiley & Sons, Inc., New York, N.Y,, 1971, pp, 147-155, :
Application to multicollinearity between inputs of a.Cobb-Douglas
production function is discussed by" J,P, Doll, "On Ixact Multicolli-
nearity and the Estimation of the Cobb-Douglas Production Function,”
American J, Agr, Econ. (August 1974), pp. 556-563,

°
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and discuss the estimate of the ragrqgiizzacnefficient of log QSCA/S.
The estimate of the sum (by + by) i.e. the BUR Of clasticities of
patented inVen;iéyZ to cmnloyment in applied research is 0.602 and

before we discuss the estimated ﬁarameters let us, see wheth~r’ the

second recommended method of conditional estimationl gives results

comparable to those vresented above, We chose three arbitrary values

of bl (b;og 9.50; b;& = 0,%0% b';g; ; 1.0), The estimates of the para-

4 o e ! 1 " [RA
- meter b, conditional on those values were: b2 = 0.17; by = 0.27; b 53 =

. 2 X :
valiies of parnﬁff;fq b, and b.3. This not being the case, we cannot ask

-0.06 rESpectively. Although their sums varzed sllghtly'%%ih values of
by and they were not exactly equal to the estimate of {by + by) = 0.602

obtained above, the two sets of results match pretty wellz.

- )

If we had additional information on the two categories of inputs,

e.g. their "respective wage rates, it wduld be possible to derive the

"y i

L

1 According to Theil, we can write for our case" The two inputs are linear-

ly dependent” (1) log STA/S = ¢ log QSEA/S.
Suppose we set by = b10; vhen blO is an arbitrary given value, Then if

b10 . log QSEA/S is subtracted from the dependent variable log P/S and f%om

the right side of the equation (1), we can estimate a new equation
with a new dependent variable:

log P/Sih -vblnlog QSEAlqh = b2 log SIA/Slh + bslog Gh + b4 log Eh
. > 10
+ bsl()g sjih + bﬁlog Cih + i}il d\'Yi' + log €iht*

The estimates of the regression coefficients by..by, dy....djp are con-
ditional for the given values of bype.
P AN

The slight variation of (b, + blo)\hay be attributed to the‘gack of

exact correlation between the two inputs; the method is based on the
assumption of exact correlation between the independent variables.

See J.P. DOll, OE. lCit., p. 558'
A}

~

°
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more than our data are able to answer;only the sum (by + by) is estimable

o 3

1, it does not seem helpful to dis-

from the data, Given this situation
tinguish between qualified engineers and §cientf§ts and their supporting

a o

~ staff as far as their contribution,to the creation of patented inventions

v *~

1$ concerned, -

A

1
[

Five dafferent estimates of equation 3.2.2 are presented in "

Table -4,1.b, Let us first focus on equat@ons/?l) and (2) estimated from

a larger sample of obséivationsrwhich did not include the concentration

n
- 1
., Ky

variable and therefore was mpt strictly compafdble with the remaining

[
0 <

equations, : : .

Y

RS

The explanatory variuoles in equation (1) explained only about

¢

42% of total varlance, buf the F ratio was significant beyond the 1%

S
»
R L

level, Comparison of eqdatlons (1) and (2) shows that 1nter1ndustry

LY 4

difterences were mainly associated with the average sice ol uie flia bo-
+ ’ ®

cause inclusion-of industry dummy variables sharply decrepsed the value

[

and the statistical signifigance of the regression coefficient bz. Addi-

tion of dummy variables was not, however, statistically significant,

" o

-

« In the following equations the toncentration variable was added
. to the vector of explanatory variables. Its addition dad not signifi-

, cantly improve the explaﬁatory power of the estimated equation (cf. (1),

P

(3))." On the contrary, when concentration was included together with

industry dummy variables in equation (4), the F ratio decreased notice-

» ably and so did the valpe and statistical sigﬁificance of the regression

3

1 The high degree of multlcolllnearlty between the ,QSEA and STA appears
to be at least partly due’to the data compllatlon‘ﬁy OECD. Thexrr
statistics.give the ratio (ST/QSE) already aggregated for all three
types of R and D activity (basic, applied and development). This
homogenizes the ratio (ST/QSL) and probably eraSes some important dif-
ferences that might have existed between QSEA and STA.

L4

s
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coefficient of the QSLA/S. The value and the statistical significance

5

Y
of the regression coefficient of concentration also decdreased when
industry dummy variables were added, It appears, therefore, that.

interindustyy diffevepnces are closely re1§ted to concentration. The low

u vo.

statistical significance of the regyession coefficient however makes

f

I3 Et.f‘
any conclusion about this influence of concentration on patents very

risky and we refrain from it until the results of other versions are
A .

presented, The average size of the firm, which is weakly positively
~7 4

El

; * [ T
correlated with the concentration of industry, also exhibited a nega-
. A v ~ s 70 ] .

@ -

4

‘tive correlation with the dependent variable. Estimate of the regres-
sion coefficient of the average of size of the firm was very close to

the theoretically predicted value, % bm - 12

-

' a ¢

~ W 1 )

Regression coeffic%entsgof both country specific variables G

and E had the expected signs, hawever +hey did not account for all
variance within each country as can bé seen‘fxpmucomparing equations
(11-4) and (11-5). The latter equation was estimated with country dummy
variables which explalncé an additional eight percent of the variance
and practically eliminated the average firm size variable, The statis-
‘tical significance of this regression coefficient for QSCA/S increased
marginally buty?emalned insignificant,

o

'

. -, .Analysis of residuals revealed that all Canadian industries
except electrical machinery exhibited lower actual number of patented
inventions than p¥ téd Sy the regression.. On the other hand, the
number of inventions batentéﬂ by French industries was generally higher
than the predicted ome. The seemingly good perf?rmance of French indus-

tries probably results from the benevolent patent fégufations applied in

s



e

Q

"

France.l The low inventive productivity displayed by Canadian manu~

w

facturing industries very likely results from Canadian depending on

q

. foréign ownership and technolog&. We return to this problem in the

conclusion of this chapter,

kN

-

4.2.Version II . . ¢
[ A

In this specification, we assume that both applied research and

L

developmént arc invention creating activities. The inventive inputs are

2"

therefore the two manpower categories, the MRA and MD. The line between

applied research and deveiopment activity is not clear-cut. Some cases
of bet;er known inventions show that patentable* inventions are likely to
be created at different stages of organized reifarch activityz. The
model using both applied research and development manpower as inventive
inputs 1s, therefore, & priori not less reaiistic than the precceding one.
Using both MRA and MD as ainputs has, however, one rather annoying conse-
quence for the specification of the 1lst stage équation§. The deyelop—

h . .
ment being now one of the 301nt1y‘dependent variables, 1t 1s impossible

/
to use the development proxy for the expected profitability D/S as one of ]/

the explanatory variables of the lst stages. Instead of DYS, the 1st //

1
A

-
-
) -

)

s - /
[

According to the French rules there is no & priori screening of patqu
applications and patents are awarded to all appllcants except in the’-
case where a third party intervenes, . ¥

H

2 See. Jewkes, J., Saw?rs, D. and Stillermaq, R., °R§/eit'
L “ |
5 This 1s a measurement problem rathér than an invalidation of the theory
which considers the intensity of current development activity' as-an in-
dicator of the expected profitability” of inventive activity.  Referring
to the three components of R and D activity specified in section- 3.2.
above, the invention creating input (RD-I) 1s now approximated by the
_personnel worhing in applied research MRA and in development MD: To the

[

L 2 ‘ '

»
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stage specification inéluded first all threé alternative profitability
proxigs, EX/IM, VA, I/S at the same time, Only the I/S vanable1
proved to be ;onsi§tent1y)51gn1f1cant with a Qrobabillty higher than

:
70%, therffore,'the other two proxies were dropped from further estima-
tfon: The 1st stage equations reestimated with the I/S prok} and tﬁé
rcmainiqg predetermined‘ﬁariab}es 1s presented in Table 4.2a, equations
(1,2,4). The predetermined variables eaplain 92% of total variance.
i There were significant interindustry differences, mainly related to the

degree of contentration, as can be seen from comparzson of equations

(2), (5) and (6). Industries w1£h high concentration of employment in

{ rarge f;rmg exhibited high employment in development and high employ-

86

ment of supporting staff in both applied research and-development. Elec-

trical machinery, followed by chemical and transport equipment industries,

displayed a pnsitive shift of the iﬁtercept. Residuals for the whole

sample did not %éveal any definite patterns, except for Canada, where the

8

difference between the actual employment and predicted empldyment»1n

»

bo-h categories of Rand D is positively related to thte degree of foréign ‘.

L

control over the respective industry, i.e. industries with a high-degree

] ’
of foreign control employed less R and D personnel per,sales than predicted

@
n -
L

A & »

‘K € -
. ¥ o L - *

# °
3 (continued) extent that'an important part of applied research and of

«
"

development does nots, in reality, qualify as "inventlve activity", the-,

use of the total employments, MRA amd MD respectively, represents an
"overestimation" of the "true" inventive input.. We shall return to
this problem at the discussién of results. " ¢ .

-

& .

?

The I/S variable, investme t per sales, is likely to much better measure
the general profitability than the profitabitity of the technical change,

The two profitabilities can, but need not, be correlateg. The, invest-
. ment into inventive and innovative activity may be a -substitute as wéll

as a complement to other types of investment., In our sample, the D/S . ™ °

and 1/S are practically uncorrelated (r - 0,09).
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by the, regression”. - . . .

a

+“tions discussed. above. for the estlmatlon of the flrst version apply

" ] ¥ I N
 as L

%
-

E

bo‘é'h MRA/S “and’ MD/S‘ input

€O

th

multicollinearaty between the two 1nputs2

1t

o0

estﬁmate thexr 11near comblnatlon h + b2 The methodologzcal con51déra- E

1 1

The or1glnml specification of this version, (3.2, 3), uszng

i

ies, was intended to determlne the )
LK

“Uﬁfortunately,

Pl

ntr1but10n of the twe ipputs to the inventive _output,

e attemptsto estlmwte thehequa 1on 'as Specxfxed falled because

S

\gA\
Without add1t10na1 data,

v " "

1s impossible to estimate with any degree’of confidence the regres$1on

"? # a =

efficients b and b2 1nd1v1dually. It 1s, howeVer, possihle to

~

»
so. We can estlmate (by + bz) by dropping one of the input varlables

L3 &

) - 1 °

- & %
-

t

[1 B

3

'RES, = -0.13 + 0.50 log DFC, + 0.312 ~ R® - 0.45
L dnasy @anye o) PRy R
where RES = log MRADS - log MRADS, log DFC is the deviation: of the
logarithm of foreign ‘control from the mean value of foreign control -

for Canadian andustries log DFG =« log FC - log FC:and Z 1s the dummy

variable, . . .
»2 At the first sight, the estimated equation with both MRA/S and MD/S
inputs locks quite plausible, except for less statlstlcal significance
" of the estimated coefficients: »” .
log P/Sih = =3.30.4 9:43 log MD/Sih + 0.51 log MRA/Sih - 0.%? log Cih
! (-0.81) (0.65) (0.94) « (-0.20) .
u + 8.20 log §51 + 0,89 lgg E, - 0.81 %gg;gwiz 21 d. Yk

£0.32) (0.65) (-0.87)

R% . 0.78 n ~ 27
However, the estxmates were extremely sensitive to industry dummy varia-

1

ty

ere -

. bles. When the later were deleted, the 51gn and, significance of estimated

S

— e e

coefficients changed rather drastxcally.

Small sample size .and h1gh

correlatlon between the two inputs . g

Jog MD/S;, = 0.35 * 0,897 log MRA/S Z.0.73 .
(1.7) (8.2) %k
resulted in a severe case of multicollinearity. ) .
) A . —~r—

- P -
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oy,

f#om'%he\e;timated equatipn and interpret the estimated coefficient
of the remaining input a$ the sum (b1 + b2). Altornativcly, it is

. 9o§siblg %0 use”tho aggregate of the two inputs MRAD = (MRA + MD); the

- astimated %egression coefficient will also be an unbirased estimate of
(b +‘bz);’aﬁthough the eonstant term will be biased.I Thus, if MRA/S
and MD/S were exactly correlated, all three estlmates of the coeffx-

ﬁgfc;egts would be identical, The correlation between MD/S and MRA/S
is high but mot perfect, therefore, the thfpe‘estimates of--(b1 +.b2)

« ecannot be expected to be identical, but should be,close to each other. .
In fact, their values ;angt from 1.204 (log MD}S) 10’ 0,849 (log MRA/S)
and, 1,083 (log MRAD/S). Which of the three possible specifications

should we ﬁse ;nd analyze? %The closeness of the estimate.of (b1 + bz)
for log MD/S and log MRAD/S indicates that the estimate of (b1 + b ) is
biased downwards for log MRA/S and upwards for log MD/SZ.

v

1 Demonstration .of the unbiasedness of the regression coefficiént of the
-‘aggregate of two perféctly .correlated inputs in a Cobb-Douglas function
is given by Doll, op. cit. .
2 Assuming that both inputs MRA and MD belong to -the "true' production
function, 1t-is possible to determine the specification bias due to
omission of one of the inputs from the estimated production function
by using the method of "auxiliary" regression, elaborated by Theil
and Sriliches. When we want to estimate (b, .+ b ), we do in fact esti-
mate the returns to scale, The blas in our éstlmate of returns to scale
w1ll be equal to: E(E-e) = b P,~1) where e = b, + b,, is the sum of
rthe true coefficients of the proéuctlon “function'and € = b 15 the
estimated coefficient of the included input, The weight, is the co-
efficient from the auxiliary equation log MD/S =« PMDIOg MRX?S In our
‘case, Pup = 0.897 < 1, therefdre, the bias is <« 0, This finding conci-
llaxesighe discrepancy between the two estimates-of (b, + b,). The
unbiased value of the sum (b, + b 2) iJes of the returns to scale should
effectively be lower than 1. %04 and higher than 0,849, The value~l.083
estlmated wheh the aggregated ipput MRAD was used is, therefore, con-
sxstent‘w1th the other two estimates,
Methodology for this analysis is based on Grlllchesn )
Z, Griliches, "Specification Bias in Estimates of Production Functions",
. . Journal of Farm Economics, 39, (1957), p. 8-20.

. ‘

»
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The estimation of all relationships related to the IInd version
Was so fa;/pe;formcé for a limited sample of observations, excluding
both Germany and gqucnl. The use of this limited sample was howé;er
necessary for comparability- «f various specificatioms. In what fdllows,

the production function with inventive input specified as the total

¥ Ay
employment in applied-research and in development is. examined. Ibis e
specification, apart from being likely les$ or not more biased than @

the other specifications, offers the‘pracqecal advantages of relying
less on the ill defined distinctions between the different categories of
R and D manpower and, at the same time, 1t also permits us to include °* T

the German data in the sample. The equation was estimated "stepwise"
» ' . 3

from a sample of 36 observations ad&;results are reported in Table 4,2.b,

¥

equations tl) to (6), .
- - ,“

- 3

n

The predicted level of MRAD/S and al& other explanatory varia-

s -
bles and 1ﬁdustr§ﬂdummy variables expli;?/BO percent of the total va-

riance,” In comparison with the estimatlon kased on the restricted mr

N

sample, the inclusion of German data leads to a slight decrease of tpe °
regression toefficient ?bl + bz), its Statistical significance however .

L]
o 4

rises and 1s well beyond the 99% level. A

(.3 N Ll

)

'

- * -
‘ Let us first concentrate on the regression coefficient of the ’

\ o

invention input. When the number Qf patenté per unit of sales was re-

v

greésed against the input variable§MRAb/S only, the later explained sixty )

percent of the total variance and the estimate was significant well ¢

beyond one percent level, Comparison of equation (1), in Table 4,2.b

»

1 German data were excluded because they did not distinguish between applied

research and development. Swedish data, on the other hand, do not include
imestment cxpenses, Aside from the exclusion of all observations for
Germany and Sweden, some Belgian and French observations had to be excluded
for lack of investment and concentration data as well, The size ‘of the
restricted sample was 27-observations.

¥ d -

- - 24 ¢ 3
« ~ ! i N \(w. .
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with the following equations, which include other explanatory varia-

bles, shows that the value of the estimated coefficient does not change:

.
'S

sighificantly, None of the estimated coefficients is significantly .
- A . J
different from unity,: ° ’ . T

-
.

«

In agreement with the theoretically predicted value of Lb -1,
) ° t .
the regression coefficiént of the average firm size S3ih is not signi-
LN = [N -
ficantly dJdifferent from zero and therefore can be deleted} Owing to .

+

intercorrelation of ‘variable g}ih with concentration variable §£h’ ’

deletion of the former improves the statistical significance of the

<

latter, which aemaagf weakly significant at the ten percent level even

after industry dummy variables,are influded. Somewhat surprising is

»

the negaﬁivé sign of the concentration variable.. It %ﬁ% cates that the

v a4 » 1)

less concentrated industries exhibited-a greater number of a patented -

‘.

0 & - o ft
inventions per sales, This finding is eontrary to the result of the

a

first version which, however, was not $tatisticilly significant:

. K - < - " .
. The next variable’ is the country specific patenting ratio Gh” :
i.e. the number of patents granted relative to the nutber of pateat 11»

am

applications. The préduction function for inventions (3.14) is‘a

relationship between tlie riumber of patented inventions and the inventive

- i 4

inputs plus other explanatory variables under the a$sumption that the

3

patenting criteria are the same among countries and industries. The

pateﬁting criteria vary,’however, from one national patent system to
¢ - v - i
another as it is demonstrated by the variability.of ratio 6, which .
® . \\ .0 e i
ranges from'27% (Japan) to 99% (Beiﬁfﬁﬁ%l In order to assure inter- .
4
‘ »

4

- .
»

.
»

1 See equation (3.14) and comnents in Chapter 3. - - '
. - '# 1 - . ' . N N "

e o i

B sy =
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national comparability of estimated production functions, the output
« 4 [

_ should be measured in numbers of treated inventions or in numbers of

patent applicat,ions.1 It is, therefore, necessary to transform the
. R -

v . ; . L
present measure of inventive output P,i.e. the number of patents granted, §
g 1

into the number of patent applications Pap. "This was achieved in

the estimated equation by variable G which has a significant negative
B ,

o

regression coefficient, . .

.
2 3

The education variable E, although not always significant,

indicates that the output of patented inventions is’higher in countries

with better technical education. This is certainly'gpt surprising but ’

it shows that contrary to the opinion of some authors, inventive acti-

-

vity is related to technical knowledge and education.2

“

B

{
i
!
|
The differences existing among industries are not s?gnifichnt , ?

(F -, = 1.04 < 2,77) but addition of industry dummy variables shows

that she interindustry differences bias the regression coefficient of
o ’

.

MAD/S upwards, (cf. equation (3) and (5), T4dble 4.2,6). The dummy

’

» r y »
variables "clean" the regression coefficient of the inventive labour

(h1 + bz) of its industry specific bias and mé§’be, therefore, worth

e

o

the interpretation in Spite of their low statistical significance., The

I3

» ) ‘ .
highest value of the intercept was exhibited by the non-electrical ma-

chinery indust}y followed by 27ectrical machin;ry and textile industries,
‘ :

At the other extreme was the industry of non-metallic minerals, .

\ ’
- !
E

-1 Given'G = P/Pap. and estimating log P/S « b log MAD/S, we get log Pap./S = 3
b 10g MAD/S - ‘].Og G. . ¥

*

2 See Chéptef 1 - Imtroductiony p,3. .

' 1
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4§§§fiast equation wab eStimated with country dqmi‘ va;xﬁblcs
in order to capture country differences remaining in eq&ﬁtioh (6).
The effect of country d&mmy v;rxables_is however, ént;rely insignifi-
cant and it is poss;b1§ to conclude that both country specifac varia;

bles Gh and E, captured practically all éountry specific varfﬁn e. .

R & + .

There does not appear to be any regular patterﬁ inh the resi-~ ,

1 .
duals. They are more or less regularly distributed among industries
. ”

B i N

and countries., The often repeated claim that Capada's inventive capa-

¢city is lagging behind that of other industrialized nationszwas not

substantiated by the present data. Giﬁén‘the employmentbif gpplied

.

resecrch and development, four out of nine Canadian industries, i.e.

"
s -

metallurgy, machinery, electrical machinery and rubber, exhibited a
- w

higher number of patented Canadian inventions per sales than predicted

»
N -

bv the regression. This indicates that as for the inventive-productivity

of Canadian industries in the sample, i.e. the number of patents relative

5
w
+

»

" e 3
1 Regressions of residuals from eg. (5) on all relevant explanatory varia-
bles, including industry dummy variables, resulted in RZ « 0, (The
following residuals were recorded for Canada: ~
l1st stage equation: " 2nd stage equatlon.
Positive residuals:Industry no.:5,6,7,12 2,4,7 . ¢
' hegative residuals:Industry no::1.2.4,10,13 1,5,6,11, 12 13

2 For example 0.J. Flrestone, stressed the fact that among industrialized
countries, Canada has ‘the ‘lowest ratio of patents granted to her own

« nationals and ranks vexzy low in terms of inventions per thousand popu-
lation. Neither of the two measures 1s however very meaningfull” for |
evaluation of inventive capacity. The low ratio of patents granted to’

--nationals indicates the degree of integratioB of Canadian and’ foreign,
mainly U.S. 1ndustr1es. The number of inventjons per thousand popula-=
tion is not véry meaningful either, becatise the number of persons engaged
in invention creating, 1i.e. mainly manufacburlng industries would be a
more relevant measure.
0.J. Firestone, op. cit., p. 45,

"
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to the number of Rand D persomnel engaged 1n inventive i@t vity,

it was not worse than the average of this sample. However, tée level

of Rand D employment was lower in six out of nipe industries, as is :

indicated by residuak of the first stage operation. Taking thris lower
» o l

than predicted employment in applied research and in development into
consideration, it is possible to say. that the lower number of patents

1 . . N . -
.then predicted in food, chemical and non-metallic mineral products .

I3

industries was caused by the low level of inventive productivity in those

1

industries.

L]
-

On the 'other hand the metallurgy, machinery and rubber indus-

tries, whieh all had more patents thanspredicted, exhibited a better .
. -~

than average inventive preductivity, because these industries employed

-

" less Rand B persomel thgu'predicted. According to the same reasoning,

the textile and vaper and wood products industries disp}gyed lower in-

ventive productivity,’ - <%

- 4 B %) Yo

4.3. Versin III ' L -

The dependant var1ab1e, the number of patented inventidns per

[N

4
tude of organized inventive activity. ‘The independent v

x

.

the sahe-variables as those used in the first stage eq

”’ - " > L}

vious 2SLS estimation, Because this specification ignores the simul-

. ' + ~
« taneous charatter of the relationships involved, included aré not, only
. R . ~ 7 f
the independent profit variables such as the size of sales S, profita-

bllzty proxy D/S, or alternatxvely 18, EXIMvand\VA but also the wage
rate ‘of R§and D personnel, W, The Wage rate is therefore con51dered as

%
*

being glven. Th1s is perhaps not a completely unreallstlc assumpt1on in

-

-

e R




&

the world of rigid wage scales for engineers and scientists prevailing

in industrialized countries today. The wage rate thus becomes, in
y

our-equation, a proxy fer the cost of inventive activity. »

3
\

. ﬁTh1s naive .specification must be expected to yield estimates

sufferéﬁk from a simultaneous equation bias, On the other hand, the
. :

sumple least square method of estimation is potentially more efficient

than the theoretically more appropriate 2SLS thhodl A practical advan-

tage of the OLS estimation in, our case.is that it permits to reestimate

L}

coefficients of profitability variables which were estimated in the l1st

, stage of the 2SLS estimation. Although both estimates are admittedly

X

biased, the bias 1s due in each case to different causes and it is dif-
ficult, if not: impossible, to predict, A comparison of the estimates

from 2SLS and OLS may, therefore, be informative.

2

- * ”

, We present and discuss first the results of the OLS estimation

of specification 3.2.4a, using|development and export-import ratio .
8 ~

v

b .
proxies for profitability. Twod\equations are presented in Table 4.3,

. »
The first does not include indfstry dummy variables, Comparison of

this equation result with the estimation of the 2nd stage equations of
<

°

. N ’
the 1st version, egs. (1), (2), Tabl.le 4,1.h. shows that the present
equétion explains about the same proportion of the total variance and

the regression coefficients of most variables have the same sign, The

95

-

coefficient bf the préfitability proxy D/S is significant and very close?

to the valyk of the D/S variable in the Ist stage‘equaiion of 1st versifn.

¥
Similarly the value of the regression coefficient of the size vaﬁlab;e
S is mnot signifjcantly different from zero. The regression coefficient

of the average size of firm is also comparaﬁle to the one estimated in

ah
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v . . )
version I, The concentration variable plays.a negligible role., °

Ny

The patenting:?atio G appears again with a negative coefficrent and

-

the education varisble E with a positive.c¢oefficient. All variables

which were included in the 25.S estimatien of the first, version per-

‘ . ¢

formed very similarly in this simpler, OLS specification. The wage,

%

e

-

variable, which was not included in the first version, comes:out with !

. . A ay t, 3
<

a negative coefficient. ; .
N + ¢ &

.
i -

a Al By
¢

When we reestimated the equation with industry dummy:varia— i

.
-

bles (equationq(Z)\In Table 4,3) their contribution was insignificapt

¢ e

(F = 0.8 <F = 2,21), Cg@parison of equations (1) andF(Z)

9,23
shows, however, that both the valué and statistical sighificance of .-

¥ +

the regressiop coefficient for D/Sih‘decrénses-ﬁoticéﬁbly. T?is effect,- .t

of the industry dummy.variables shows that the differenceﬁ\among in-
‘ ﬂ‘l' - R & \

dustries consist mainly of differences in intensity of develbpment,
'Y L]

13 . - k)
Inclusion of industry dummy variables increased# however, the statis- .

tical significance of most of the remaining variables. o ‘
+ - ” -
. \ ; - |
* Ll

v - . 8 v
Let us now tconcentrate the role played by the wage variable. T

Under some very sPeéial conditions tye Tlegative sign of the wage ya-
riable could lead to a tentative inte?pretatibn that the wage rate dif-, ‘

ferentials between the industries indeed reflect the differences in “

.
“ w
.
.

the cost of inventing activity. This could be so if, forjinstance, the ° - s
offer of the R and D persomnel was very, or completely, elastic in ‘
the relevent range of the Sdg?ly function and'the}e were‘marked'diffgr~ “,
ences in tﬁe wage rates among industries. On the other hand, the derived o

. . . . { \
degmand funttions for the services of inventive R and D personnel.would-

ave to be either rather similar among industries or at least behave so ° N

- .

’ - Py




= as to result in a negative relationship between .the wage rate and

N

. - the demanded number of R and D personnel. The last condition seems
¥ 4

i

to be at least ‘partly, fulfilled, As iq'can be scen ‘from the correla-

-
Ty
F gy

4 o ¥ »
- ¢ . tion matrix, Table 4.4, log W is correlated negatively to log MRA/S

- -
:

(I’: - 0.39). B .

T Another, probably more acceptable explanation can be based on

the fact that the bulk 'of patenting is done by the traditional R apd

t ' Q’inten51ve industries such as machinery, both non-electrical and

-

b ¢ *électnica%, and in the chemical industry. The greater scale of R and\ -

[

0 D in those industries favours a division &8f.labour between the qualified

v 2

’ : b
; o personnel QSE, and their supporting staff. The employment of the.sup-
porting staff if, therefore, in the R and D intensive industries, -

relatively higher than in the other industries, The greater propor-

4 -

tion of simnorting staff in the total R and D employment in the former

Al EIN

o " industries leads to a lower gverage wage rate.of their R and D per-

-
°

sonnel. . N

This interpretation is supported by the negative correlation '
existing between the wage rate and the ratio of the supportlpg‘stafg
to QSE, R/Q (r = ~0.333). Both interpretationé of the.negative-relation-

L ship between the wage rate of the R and D personnel and the number of

I

patented inventions support the thieoretical hypothesis that the maximi-X

zation of the expected profit from inventive activity leads to a tendency

to minimize the cost of R and D inpufs, . .

©
3

'

. When the OLS method of estimation is applied to the modified

specification on 3.2.4b using the alternative proxies of profitabili-
fa N

‘ ty, the following results are worth noting., First, the profitability

v [3 °
¥

s

PEY. g

R Y R



proxy I/S passes the significance test and is useéd, The remaining

two proxies, LXIM and VA were deleted from further ?alculations. :
A - Secondly, the industry dummy vari?bles were high1§~significant and
ﬂ infreaséu the eéplained variance by 46%, to R?

A

- 0,859, The addition

5 ©

of dummy variables improved the standard error of the investment

[
“ @

variable and lead to a change in the ,sign of the wage rate variable*
. . .

from negative to positive, but which remained insignificant. '

i

Comparison of the present equétion with the previous one which -

)

used DS as profitability proxy, is interesting in two ways. Farst,
L

4 a2 -

’ the good fit of the pres%nt equation is, to a large extent, due to the
coon industry dummy variables. In comparison to the D/S variable, it appears
that the I/S variable better explains the variance existing within

"each industry, after the industry specific influence was accounted for

hy industry dummy variables. The role of the two profitability proxies = °

1 explaining fﬁe variance of log P/S is therefore different. The o

; 15ténsityuof development D/S explains well why diffetent types of
industries exhibit different outputs of patented inven;ions and sye

i 1nvestment proxy sheds mére light cﬂ‘thé:gauses'of dlfferences in pro- K
fitability of invention within the same indgstry. In o;der to confirm,

. this hypothesis, the two profitability proxies were used at the same time -

a )

: 4
{ with the ‘other independent variables. The equation was estimated for

a restricted sample1 of 27 observations and is reported in Table 4.3,

-

1 . eq, (6).

-
.

' p :
o

ot

|
|
4’. - ’ When the'fgmaining unexplained interindustry differences were

a

—
L

1 The sample excludes both German and Swedish observations as well as nine
F . other abservations because of data unavailability. Note that because |
s of the differences in the samples used for the present and the two

i precedang est}matlons, the results are not strictly.comparable,

&

e B
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v -

; explamed va§ :mce rose by 16 percent and the 51gn1f1cance of the I/$°
‘ 1 ‘ » - - L)
1 : variable increased. notably at the expense of the sigmficance of both
) o, 4 . . ‘ : . ﬂ? ! o ‘-
' the D/S and W variables. This confirms that, in the OLS specifica- .
¥ IS - . ) »
" . tions, the D/S and W variables capture the interindustry da'L5!:'1:‘t==::-encets1
& - - 1 3 *
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. . With respect to explraining 1nter1ndustry dlfferences 4he effect of the
D/S*variable in this specification is consistent with the findings of
the previous version, i.e. that the employment in development reflects

‘ mostly interindustry differences. .

{ : By : v

' - L] *

1 - - - , .

l ¥ - * ’ ~ - .
] i " .

+



PO

i A e o §
-

ot s s o~

foa 4.4, Supmary . . . K ’ /
% ’ i’ “ : - fe / Py

N ) ) - . . .
viE‘:"... Our at%:emp‘t to separately evaluate the contribution 017/ each
“ . X

£ /
. grouprof R and D labour to ihvention wds 'impeded by multicollinearity,

4

- i .
Indeed,ﬂgroups of R and D labour were highly intercorrelamef.
¢ ) ‘

. In the.first version, the number of patented 1nwgé£ions per .

ut . ’/
“ s sales was i function of R and D employment in applied research, the "

» 4

I

latter being composed of qualified engineers'and scientists and their

. supporting staff.’ The estimated regression coefficiefit, i.e. the elas-
1 \

B

f
~ticity of the number of.patented idventions with respect to employment

o -

in applied fesearch, was significantly greater than zero and smaller

2t
s

. thah unity, There were some statistically insignificant differences
)

among industries, mostly related to thée averﬁge s1ize of firm, The average

’

d size of firm wos negatively correlated with the number of patents and

with the inventive input. The concentratibn of employment in large

4 "

»
firms was negatively correlated with employment of qualified engineers . -
and scientists in applied research, but the correlation was not, signi-

A *  ficant and became oven less so after the industry dummy varii?les vere

N ineluded, There was practically no association at all between pateénts
roo. . ’
pér sales and concentration, The explanatory variables, including in-
dustry dummy variables, explained only about sixty percent of total
B , PO N .

' variance. The estimated value of the elasticity of'patented"inveptions

to employment 'in applied research appééredléomewhat unstable and quite
sensitive to differences existing among industries. . .
i It 3 * N
.. { . g
‘ The fact that about 20 percent of the total variance of employ-

"

* ment in applied research was signifid%ytly accounted for by interin-

. e 4

-

B dustry differences, which played glso a non negligible role in the second .

i ” -
- o

o
1

>y
>
»

%

R o
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4

»

I3

I

. other explanatory variables, gave only a partial and somewhat incon-

ce

s
.
v
A
e o

= Y e

stage equation, suyggests that there are important differences in the

-~

underlying science base, technological opportunity and pricing.

4 »

To sum up, employment in applied researth, in conjunction with

t
A e

’

“sistent explhnatlon of the number of inventions created and patented
[ ey 1

-

in each industry.
, ' s

In the.next step, the concept of inventivé input was extended - - .

) L4 [ &
B

to include development. Two inventive inputs were specified. The .

4 B

first was the number of persons employed in applied research, i.e. the ’ o !

input. of the first version, and the sccond, the number of persons em-

:

ployed in development. .

3

¥ I

. The first stage equation 1s interesting in two respects. First,

Cr
Lo
d}
6
%]
O
i)

it indicates liaw empluyment in appli
c}osely related to investment per sales when the industry differences -
are captured by duymmy variables, Second, there is a significant posi~ .
tive relationship between R and.D employment and concentration of in- -
dustries which is however eliminated by introduction of industry dummy .
}ariables. This suggests that as far as the employment in development

, .

is concerned, interindustry differences are likely to be function of

concentration, rather than of undérlyéng science base, technological op-

] -

©

»

This corroborates Scherer's and Philips' findings for the U,S. and
Belgian andustries respectively,
F.M, Scherer, op. cit., and L, Philips, op, cit.

v

1

¢

2 See equation (3.15). There may be different values for the mark-up

constant }., in each industry and country, On the other hand, the .
industry specific variations in the underlying science base are likely
to affect the elasticities bm and cy» 28 well as wages of R and D labour,

s

*a te



|

. portunity pf pricing', The, same reasoning probably appliés alse to

employment of supporting staff? in applied research,
L . . N ﬁ:(
Although the separéie estimates of elasticity of patented - s

: inventions to employment in applied research and in development are
highly unreliable owing to multicollinearity, they suggest that each
- of the two categories of “labour accounts for about fifty percent of |

-* the estimated sum of coefficients (bf + bz), which is not significantly

Iy
P A T

different from unity. This conclusion is corroborated by results of
B an alternative specification in which the input is the “combined employ-

b ment ~in applied research and in development, . f

ix N The differences exlsthg among 1ndustr1es are again not signi- J

ficant, but introduction of industry dummy variables hardly affects l

o . the estimates of elasticity of patented inventions to R and‘D employ- | T /

A ment. Non-electrical machinery followed ?y electrical machinery indus- \
tries, and surprlsingly’by the textile industry, exhiﬁig:at any leyel

> *

of inventive inputs higher output of patented “inventions than other

. industries of the sample, )

a
Y

The number of patented inventions per sales is higher:in less
- ® »
N concentrated industriesjhowever, this negative relationship is somewhat
3

unstable and, except for one specification’ (3), insignificant, The

effect of the average size ofgfirm on the dependént variable is negligi-~

Y

%
ble. This is in agreement with the theoretical model, which predicts

[y

that the”reéression coefficient of §5ih should vanish when E by -1, as

e

¢

} See note no. 2, p.103,

e
*

2 Remember that supporting staff is now included, but it was not included
in the 1st stage equation of Version I, which predicted employment of
' qua d engineers and scientists, The latter varlable was negati-
vely correlated with concentration.

L}

+ )
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it is in our case,l . - “ . v

] F 4

Countries which empiloy 'a high proportion of engineers in .

their manpower.exhibit a high output of paiented inventions pex

sales.2

teria of patentability. Therefore, it could be advantageous in future
LA » Py

research, to specify the dependent variable as the number of patent

»
.

applications rather than as the number of awayded patents.

- o
I
. -

. Flna}ly,Jan aqplysis of residuals did noi'révgal any regular

)

pattern, fh% residuals are not correlated with any specific country,
é

industry or explanatory variable.

.
A

.7 . .
In general, it 1s possible té>conc1ude that 'the present speci-

fication of i1pentive inputs whiclt include employment in applied re-

»

"search gnd in development,” proved to be empirically superior to the.

alternative specification, which confined the inventive input to eﬁ;

ployment in applied research only.

1
“* -

v

The ordinary least square estimates of the two varieties of

)

the third version tend to confirm the conclusions presented above, .

The only new variable in this specification, the average wage rate of

R and D personmel, is not quite significant, but its negative regres-

¢ A

* sion coefficient can tentatively be interpreted as an indication of a-

cost minimizing behaviour of the firms employing R and D pé}sonnel.
'

%

1 gee equation (3.14) p.47,

2 High percentage of engineers in the total manufacturing employment
means high value of variable E. v
Y \\ka !

. »

There are significant’intercountry differences in the cri- s




- -

. 106

. .
In addition, comparison of the cffects,pf the two ‘profitability
LY A

o .
proxies or the dependent variable suggests that the development expen- N

<

" -

ditﬁre per §alq§ explains well why different types of industries ex- .

hibit different outputs of patented inventions. The investment expen~ =

-

diture per sales sheds some light on the:causes of differences in .pro-

»

fitability of invention within the 'same industry, g

’
» ’ ®

w
I3

Comparison of all three estimated versions leads to &he con=

o

-

clusion that the second version, specifying the inventive input ds
N ! .

A L

v ' 3
employment in applied research and in development, explains a higher

¥ Yt

proportion of the “variance and estimates more stablé-and more, signifi-
~
cant regression coefficients than both other versions. It is therefore

statistically superior. As far as its theoretical and practical plau-

1]
¢

sibility 1s concerned, the definition of inventive input in terms gf

employment in both applied research "and development is less restrictive

and therefore more acceptable than the alternative definition comprising

+

inventive input to applied research only, ..
b’ .
The third version, in which the dependant variable is regressed

directly on all exogenoys variables, appears to be statistically in-
ferior to the second one. It has, however, the practical advantage to -

‘ N » .
enable us to estimate, and possibly to predict the number of inventions

¢ A

) - ! .
patented in an industry even when the R and D data are not available.

f

®
» »

! This conclusion f:ﬂgh?agreement with Schmookler;s.definition of invent-

,ive input as opdee to defi?ition suggested by Kuznets. See note

no. p. ‘ // \ ‘ o

v
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T CONCLUSION ’

. The objective of this study was to analyze techdical inventions’

<

as an economxc,phqnomeﬁon and to find the economig determénants which
\ - M ’ -

explain the international distribution of patented inventions. ’

Y

y [l * « e v '
4 - < - ’ Y "r‘ 13 s >
The growing economic literature focussing on invéntiye activity

shews that invention is, from the economic point of view, motivated

N - “ ) ¥ 5

by the expected profit., A microeconom}C\aﬁthsis of inventive activity

4 . - . ) .. .
on the markets with oligopolistic pricing established'that the main .
economic determinaﬁis are the size of the industry, the expected change

I3 ~ ~ 4
of the market share_ and ths expected cost of the inventive activity. -

- q

The first two d&terminants reflect the demgnd‘for, the last one the cost

B
* *

of, a new inventiom. A set of criteria which have to bgosatisfied by an
” / . Wt
¢ - + ' w

invention before 1t can be commercrally exploited was develbdped in an °*

acglvlty,analy51s‘£ramework 2s a by-product,of the microeconomic ana-
v 7 7 L o

lysis, ° . s
) .
- s
. .

- \ ‘
A
¥
The microeconomic framework eldborated in the second chapter

had to be substantially modified i1p order to be usable for the empiri-

cal analysis of a crdss;sectlon of manufacturing industries. The oper-

< )

ational model presented in the third chapter develops the relationship

t . . ‘ 5
betwéen the number of patented inventions created by an Tndustry aqd/\
”» @ - ] R

@

¢ s . .

the employment of the various categories of the R and D persornel.under
the assumption of profit maxamization. The' necessity to-work with
variables wilich are not. directly measurable e,g. the expected profita-

’ ¥

b1lity of the invention, lead to construction of several proxies for

7

profitability among whaich the employment in development deflated by

. v

’

¥
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- ‘ sd!bs and ;he‘lnchtment ﬂcflated by sales, performed best emp1r1~

‘- .
. . « o ¥ .

! . ‘cally. O N . -
p . %, N

o
‘ v

3
~ a v $ - - N 2

) - o The emp1r1ca1~ana}y31s 1né}c1t£d that 1hg rélatlonshlp between

- éhe inventive 1np;£§“an& the 1nvent1ve output measur;d by the number

’ o of patented inﬁentions created byLQi%i;naIs n thengiven‘national manu-
’ “9 éﬁcturiﬁg 1ndﬁstry 1s‘gather st;hle and cah be agbregated in terms of

1] -

\ -

¥
s 2 oy -
5. to the 1nvent1ve*lébour input,.i,8.to the nuiber of persons employed.
~ in applled research and*in development, I not significantly different
[ . een the contributions

0} - .

b
¥ .
. minants of, the predicted employment in applied research and in develop-
A ,
i ment are concerned. 5ithough both categories of R and D labour are posi-

N . o

- tively correlated with the proxies for profitability, there is an -

’

-
-
1
z
°
H

P N Y i I
a
3
B}

important difference in their relftion' to the concentration of emﬁloyl
ment in large firms, Empléyment‘ln applied research isweakly negatively
- correlated with our goncentration variable, in contrast with the signi-

. ficang\p051tiVe correlation between employment in development and con-~

I3
-

centration. This difference can be interpreted as an indicatiom that

onse

.
Py RS

the two R and D labour inputs are responsible for two different cate«

. gories of 1nvent1ons. ?pplled research is more likely to turn out h351c

L3

inventions, which are subsequently improved and adJusted to commercial

production in the course of development. Development may be performed |

"

By other, often larger, firms which sbmetimes belong to other industries

than the one where the original basic invention originated, Our data

. . (

. : Tiere -are, however, some interesting di?%érences as far as the deter- -

o

s Y a productmon functlon. The elast:cag:of‘the number nf patented 1nvént10ns«

I

- a w aw
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suggest that inventions originating in develdbment are frequent in

"

highly concentrated industries. This conclusion supports Hamberg's

hypothesis that the large industrial laboratories, which are more
a - ' v
frequent in highly concentrated industries, are likely to be responsi-

ble mainly for improvement types of ihvent&bns.lThe highly concentraw

ted industries show, however, low inventive productivity, i.ew a ~

®

low number of patented inventions per sales for the given level of R

and D inputs. The resulting net effect of concentration on patents is

Lo statistically insignificant,

<+
v

»f

v, As, for differences existing among industries, our results show ~

that these differences play a sigrificant role in the determination -

- ~

of R and D employment, but an insignificant one in the prdduction

function for inventions, However, as, expected, the "high technology"

N - ’ o ’

industries such as electrical and non-electrica}l machinery, strprisingly
¥ . ! )

‘ ~ T o
followed by ?he textile industry , exhibit a greater nunber of patented

e e
: Zre o

inveqxxﬁ%s’for a given level of R and D employment, than ghe rest of -

' .
M -

the sample..
n ¢ ¥
AN , :

The respective roles of explanatory economic.variables were

not very visible in the two stage least square specification used for
the eséimated»yf the production functions, They showed up much better

in the last, third version gstimated by the ordinary(least square method,
The size of the market and the profitability proxies alone explainéd"E

most of the total variance in the number of patented inventions by na-
tional industries. There appeared to be significant interaindustry dif-
ferences in the intensity of development per sales and intraindustry ,

differences in the investment per sales. Although the average wage rate

! see b, Hamberg, op. cit., p. 103. K

*
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'
appeared with a negative regression coefficient, this can be onlxﬂxgz§'$~

LY

- tentatively interpreted as an indacation of a cost minimizing behaviour

A wi%h[reSpect to the R and D personnel, The present specification cons-
. A
% : trained by the available data did not lend 1tself to a solid evidence ¢ °,

{ for this affirmation. - )
. o . . . . .
- ‘ - ' i I A
. ) . Given thear R and D employment, the Canadian industries do t

'
s ° M <

not turn out significantly less or more-inventions than”their foreign

[
-

corpetitors., However, six out of nine Canadian industries have a lower
L3 ]

ke employmertt in applied research and development than the employment

, predicted by the economic characteristics of the respective industries., - ,

The gap between the actual and predicted employment of R and D is posi-

e

-

tively related to the degree of foreign control of Canatién industries,

ey
-

and is generally found in high “#echnology ind stries ratfier than in »

1 &
, othersz. ﬂjhus it is possible to draw the conclusion that the foreign.
v '3

c

: control of Canadian industries leads to a leower level of employment in-

applie@ gsearch and development dnd indirectly to a lower output of

LY - v

patented inyentions. |, .
tL M e degﬁﬁi)of foreign control ™ domestic-industries influences
. {' 4

, - the distribution of patents between the nations and foreigners, Foreign

]
b -~

T » control of a domestic industry is usually accompanied by a transfer of .

. technology and know-how from the parent company. Foreign subsidiaries

>

i woed Owing to the fact that the above ioned groups of industries are y
s composed of many, narrowly specialized/ind stries,which vary in age,
§ ‘4 scientific base and industrial structure,/it would not be appropriate %
L to try to find a unique and common explasation for their above-average AN
output of patented inventiohs, .

~
- 4

-

” > -» » -
“ Similar cortelation -does not exist for other countries,

= ranne

3

-



> M, Aeesie

. e

[P

(2%

9]

-9

e o
° “w - - (‘
o -
¥ - a »
[
< K

v

"-u-

exp101ted thexe. Industrles with an important proportlon ‘of firms

J
under forexgn cﬁntrol are lilely to exhibit a hlgh proportion of pa-
tent§ 1ssupd}to~forelgn 1nVentor5. A . N

- /s . a
= It

5
)
» .

-*On the bther hand, if the forcignwcont}ol is either absent or

equally dlstrlbuted~among domegtlc.lndustr1es% a high broportlon of

patents 1ssued to nataonals 1n a given 1nd§itry indicates that the
. e ﬁ .
1ndustry has a comparatlve ‘techfiological advantage, which is lxkely

" ,

L}
©  torbe reflected in a positive ttade balance. Data in our samp¥e con-

” ] * 5 . * v
vincingly corroborate the two nypotheses..The percentage of patents

. L N 5

’ jasued to natidnaqi';elative to pateﬁ;s jssued to fore%gners,“is indeed

well @EE}ained‘bynforeign conqrdl and export--import.;agio2

A -
° i 4 - ’ a

0 * \ N ) '
whole sample.

for the

v -

» 1
L%

The very low ratio of g/Pg’fo} practicaliy-all Canadian indus-

»
v ¥ .
a » - [
a
- B 7

& « s

4 - 1

s
.~

B
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‘n thc host country, all 1nventxons,$§1ch are 11ke1y to be COmmerc1a11y

There is a lot ‘of evidence that technological advantage leads to com-

parative advantage in foreign trade, For an international comparlson

see: P, Hanel, The Relaticnship Existing Between the R and D activity

of Canadian Ma nufacturlng Industriés .and their Performance in the Inter-

national Market, an uapublished study, Dept. of Industry, Irade and

Commerce, Ottawa, (December 1975),

2 Log (P/PFl1h = - 0,63 *-D.SS log EX/IM.h - 0.44 log!FC' -R? - 0,35

., (~2.58) %% (2,3)% T g2y %

then country dummy variables are introduced, they capture the remaining
important influences such as the proximity of technplogically dominant
foreign industries, the size of the domestic market, the openness toward
investment etc, The differences among countriet are related mainly to
foreign control which explains the ratio P/P_, well for Canada, but-much
worse for other couftgies. As result, the Cogfficient of FC is not signi-

« - ficantly different from zero,

Tog (P/Py) ) -= =2.83 + 0,21 log EX/IM,, - 0,01 log FC + Xgh .

(-7.1)%*% (2,4)% , ? (0.1)

£rom P/P to LX/IM, ° .

-

. [ .

)

n

(9.76)** 56

- 0,31

(3.15)
Note that the regression reverses the direction of causallty, which goes
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S . 1. Output of patented inventioQ; in a given industry results.
o « - '

- cantly different f@g@,G;ity; and eﬁployment in applied research and in

L - /

»

tr:.es1 roflects,"xhegpfore both thc high degree of foreign control and, at
- N \ *q, .
the same tlme, he lack of technolo51ca1 comparatlve advantage of Lanadlan,

. - N o

‘nanufacturlng 1ndustr1es. T T a o ¥
v N #e o
o " L
o, = We may now summarize the main _empirical conc\usion of this -
v @ ™ s * a - R <
? 7 study: . . L "

L) - .

v »

from the R and D activity of profit maximizing firms. The average elas-

8 -

. . . R R - AP
© , tacity of patented inventions to employment in R and D is not signifi-

Y

| . . R !

. dpvelopment appears to contribute equally to inventive output. There ,
are no SngiflC%nt interindustry différences in the relationship between Y
the. inventite inputs and their output. . a5 PR . X

4 . . “ @ ¢

L
S

2." The tevel of employment in applied research and development
N ~

is a function of the expected profitability of invention. There are si-

gnificant interindustry differences/as far as the determination of E?e
~wHequilibrium' employment in R and¢D is concerned and these are, to a

¥ wEr e

" certain extent, related to the structure of the indﬁstry, i.e. to the

»

degree of its concentration. The level of actual R and D employment in

¢ . &
Canadian manpfacturing industries is lower than the expected level owing
<§t least partly, to foreign control. . I
3. Finally, the proport/i/;x) of patents issued to nationals
and %oreigner% is closely asSociated with the trade perilfmance and
» kY] . a8 -
foreign control of the domestic findustries. ' .
7 gg
1  For details and discussion see, 0. Firestone, op. cit., Chapter 4 .
" and Table 49, p. 37 ,
. . 5 ‘
*’ » = - ' N
« N : ¢
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: Th ma1n\§hortcomings of this study are related to the level

—c

of aggregatibn uspd and to®dhta in general, If the decision to invent

invention is taken by a firm, the data on firms would,

therefore, ‘be the most aperopriate ones, The aggregatioh to an industyy

L [

. or to actuire \an

lével is not ondy undedirable from this point of view but also because

1 LI

. , . of the problems it inyolves in the reclassification of patents, "
i " ' o g )
N . ., The inherent incomparability.of’inventions and, to a certain
B : exient, of the R and D personnel as We?i, appears to-be incompatiqle
i wﬁth the very essenc;'of the concgpt of the productionhfuaction which
«§~ ﬁresupposes the use of hoﬁogenqps inputs cfeating a homogenous output,
; . In the }resent context, every criticism, of thig sort is acceptud} the
e a
%U o only argument in fayour oﬁ the use of the&%}oduction function is the
% . ; . fact that in sp%te Zﬁ\their'inhérent factual heterogeneity, the number ‘

g ,p&é%inqd natipnal industry, 1s very regulat and homogenous onke the

4 -

level of agg ega}1on 1s high enough. The use of an aggregated production
funCtioJ

N v “ . s L] >
appgars, therefg%e, to be as justified here as it is for the

& ’

aggregated Output of the whole economy;it is a useful simplification

v

¢

. ,of the complex reality. )

N N k)
- © \

The data for R and D leave a lot to be desired;they should give

a c¢loser definition of the invention -R and D and they should include

’
' o

» more detail concerning the.employment and wages of the personnei. In
+ general, the use of average data for inputs and outputs over a period

' ' of several years would have been more appropriate than the data for
4 s ’

o ore period only. \ o {
\ * [

s

. \ . The patent statistics are becoming an integral part of national

.

i : '
{

“

i )



accounting. They are regularly published in natiomal statistical
yearbooks and are intended td reflect a npation's inventive output,
They should,g%hgrcfore, be presented in a manner suitable for this
purpose. The present practicc of not dastinguishing the patents

anarded to nationalstand to foreigners in each patent elass makes

‘
v - d

the pptent statistiecs quite useless for any meaningful evaluation

/ 4 -

of the national inventive activity.

3
3
\

" ©  Better statistical data on both R and D inputs and on

114

PR

patented inventions will hopefully make it possible to answer mmy o~

interestang questions which remain s¢ far unaswered. ®'Better infor-

matzon should enable better decision making in this important field

of economic activity.
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APPENDIX A

< TRANSiT{DN TROM INVINTION TO INNOVATION: : . .
f\ THI. NECI'SSARY CONDITIONS ° )

o

y ]
The criteria to be fulfilled before a commercial exploitatién of
f

an invggtion (i.e. innovation) is considered economically feasible are
. ‘ ¢
analysed in the activity analysis framework. The approach represents a

formalization and genéralization of Lancaster's pioneering work.1

~
bt * 4
. - N

Initially, each good is associated with a vector of characteris-

tics., The transformation of goods anto characteristics is given by “a

<

matrix of "consumption technology". Consumers axre consuming a combina-

tion of characteristics rather than goods as such and they are supposed

td choose combinations that minimize the cost of their caonsumption at .

of goods is maximizagion of profits at given prices, technology and

available resources. This ihitial situation is compared with the anti-

cipated effects of.a new invention.

. . Three main cgtegories of technical change embodied in a new in-

@
)

vention are examined: ' :

"

1) New technology results in a new commodity which 1s associa-

o+

ted with preexisting characteristics but available in new
proportions.
: 2) New technology produces a given product with lower costs.

3) New, technology adds new characteristics to the preexisting °
4 w *

ones., .

£

-

%

1 K. lLancaster, "Changé and Innovation in the Technologytof Consumption't,
A.E.R. Papers § Proceedings, (1966), pp. 14-23.

s
P

s ot W W S

RN

the given prices. On the prpduction side, the motivation for productiéy .
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>

The basac prine¢iple umderlying the activity analysis approach®is
.
that in qrder to be cconomically’ feasible and therefore commercially ex-

ploited, an invention must represent an cfficient solution of two linear

4w . v

,programs. On the production side, the new techno%ffafxnust satisfy the

" v

criteria for an efficient production for the given vector of available

resources and to be at least as profitable, considering the estimated

“ -

costs of introducing the new technology,into production, as the old tech-

o

nology. On the consumption side, the product prbducedgby the new techno~

logy has to satisfy the crateria of an efficient consumption, i.e. not to

'

be a more expensive menu of consumed chazacteristics than the one available

v & 2
from the old technology. . . S 4

LA

LY

N
v

. .

. . Lt §

v

I3
i

¢ Application of the two above criterig in a form of solutions of two
linear programs determines a price range W1t1;the lower boundary given by
the -solution ot the production program and the upper boundary by the sol-
ution of the consumption prpgram. In order to be commercially feasible=

and attractive, the new tech ology ermbodied in the inventi6n must result

considered as being economically feasiliie at the existing prices and re-

.
t

+

1
source endowment. 7 ’ b

5

Situation before invention. -

.

There is a vector of existing goods X, and a vector of character-
istics z, associated with the vector of goods. With each j-th gobd is C o

associated a vector of its characteristics Ej’ 50 that Eij 1s the amount . ¥

v

of the 1-th characteristic possessed by a unitary quanilty"of thé j-th

v

i
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good. The set of all vectors hJ forms the gonéumptxon technology matrix

°

B. We assume that there is a one to one _correspondence between goods an -
g an

9 L]
activities. 1 . ’ : g .

¢

= B.X where the number of characteristics is -r=- and the

i

‘ . number of goods is -m-. Both vectors Z-and X are
L

non“negative.
! . ® -

Creation of an invention of of a sequence of inventions makes it pogsible
- &

to produce a vector ¢f goods il which contains at least one new good,

L. MER T The new consumption technology may be expressed:
T s -
! o= gl .zl - the number of goods 15 now (m+1) and z #,il

‘z ] ' LA v .
To express the difference bétween the technically possible new

' - ° ’

good xm4‘£ and 411 \the preexisting goods, we may write foT the vector of

characteristics of the (m-1)th good, EiJ,l )

£ 5; F1 = B1 . il, where the vector of goods il has the clements
x =1, x; = 0,(k=m+1) and (i¥k)

[ ¢

Vector 2;4-1 will be equal tQ}ZEe (m!-l)st column. of the new consumption

L4
,

P

technology matrix Bl.

- - [

a
1 - »

0 We express similarly im as a corresponding column of the previous-

¢ /

ly existing technology matrix B. . . . -

!

z_ = BX X vector of preexistimg goods with elements

= 1 F] r ) »

4 xk

Xy = Ofork#j (kj=1....m" °

. v ; !

P

-

{ . . -
1 This corresponds to lancaster's "simplified model", see:

1 Lancaster, op. cit., p. 136, \ .

{ ’ :

i "

! - L d

1 . <

i v . - " .
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- i . Gene;ally-él #z : ) e
. mel n .
5 Qo . /
) . Beforc we attempt to specify the conditions under which an in- |

A

-

vention 15 likely to be commercially exploited, that is conditions of _

“

4 * - . H " ’ . 2,
. * annovation, let us classify the different types of technical change an
] -
& ® 2 »
- . invention can bring up. ° .
_{Q&% ° " L] R » A .
o . - © he can first distinguish three main categories: o

1) New technology results in a mew commodity which 1s associated

withqpreexlsting characteristics Jin dﬁkféxent proportions.’

-

¢ ’ ) .
2) New technology does not at all change the characteristics of
@

L3

. //JK;/ the final good but reduces the cost of production.

L™ revee

B

t
i %, By'distinguishing the three main types of technical change an in-

ﬂ o

N

ventaon wdy Fepresent, o have prepared the groimd for an analysis of .
s :

-screening criteria which must be satesfied beforevgg rnvention can be con-

-

’ * IFO

. Introduction of a new product on-the market must Le seen as a

> special case of ‘monopolistic competition. The woild-be innovator has to

© 4 order to maximize profit. However, he can charge only as much "as the

o

) .. ,  traffic w#il bear", that is as much as the consumer will be ready to paf.

o .
’ s

_Thus the price range for the new product is limited both from

*"above and from below. We shall show that the boundaries of 'this price

.
° "

, range can be determined objectively by means of activity analysis, but

i

only for some types of technical change.

S
N L)

| 3) New technology adds new characteristics to the preexgz;ing ones.,

sidered for commercial production.. We shall discuss cach class separately.
" ¢

. choose a price for the new comfiodrty and we assume that he will do so"in .

©

.

-

e A
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At this stage, we introduce: the '"producer” in the game, that is~
& ¥ ¢

.the potential innovator. We shall assume that the producer can acquire ° '
p B cq

all the technology necessary for commercialization of the invention at

a known cost and he is therefore capable’to determine the total “develop-
aKnown cost ; Y P

- a
«

ment cost involved,
%

L3
Lo . “
A

As for the consumer, wé shall /assume that he makes his choice - ;

2 < o
efficiently, that is, he will choose only those commodities whose char-

o

acteristics form an efficient vector in the commodity characteristics

g L
B

¥ '
space C. We shall further assume that preferences of consumers are well

distributed in space C so that the commodity which represents an efficient

chgice, will effectively he chosen.. Finally, by applying Lancaster's ac-

tivity analysis consumer theory we have to adopt a rather strong version

[ 2
of the axiom of nonsatiation. Here, the consumer is supposed to have an
utility tunction u(z) with the property 3u > 0. Lack of realism of this

-
9%,
assumption pertaining to characteristics * snems to be still more

- n

flagrant than it 1s in the conventional analysis, where it refers to non- v

v

saturation in the consumption of goods, As a partial solution for this 1

problem, we propose that those characteristics, which may be labeled by

»

> . s hnd
the consumer as undesirable, be thought of as transformed in their own

»

inverse, so that majximizing them would mean minimizing the undesirable. ::>

Determination of the price range.-

First, let us discuss the price range for the 1lst case of tech-
nical change, e.g. a new commodity associated with preexisting character-

istics in different proportions. We must distinguish three different
K .

. -
o

situations:
- .

a) Goods are infinitely divisible and can be consum;d in com-

) \ L} !
i
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’

. . ¥
binations. The convex cone in space C remains unchanged.
t

’ 5
A L4

., b) Goods are not divisible and therefore can be consumed only as

A ]

_.an entity, The convex 'cone in space C remains unchanged.

- v o -

¢) The new good Xm*_l, exp;;3§ the cgne of attainahle charactef-

€

P B

]

Y -
-

. °Istics in space C. -
- n 7.
; . Ad a) Goods divisible and consumed in combinations. . .-
- ° N [}
. ) ‘ i L
3 ) ,J
Tha$ is the category, where we can successfully use Lancaster's °

N approach to derive gcoromically meaningful conclusions for our analysis.

A - . . R s s
. Lancaster's consumer is supposed to '"consume a linear combination" of

- * &

goods, which enables him to achieve the desired combination of characteris-

) 8
. o
1 tics. Unfortunately for his theory and our application of it, this as- ~

- sumption is as remote from reality as ita,negEihssical counterpart, the
- - / \

n

f O . . "o
. infinite divisibility and substitutability of; goods. We cannot '‘qonsume

e half a sports car combined with half a super safety car (yet to be produced), X

‘
¢ »

o v .
%, .. 1n order to achieve the desired mix of speed a

¥ s

A} ‘ -
The discrete choice seems to be the rule, rather than the excep-

-

tion in greal éltqations and this limits the relevance of an approach which

. 4

cannot cope wath it. = ° P .
e

g -

«

' Lancaster acknowledged this 11m1tation,l but undeiplayed its im-

H
1 " 7 ] —

’ portance. ( ya . .
o . »

4
i

4 -
. We can detefmine the price range for the cases where the assump-
i , tions are satisfied, by deriving first the lowest pfice acceptable to

‘ *
“ »

producer and later, the highest price acteptable to consumer.
¢ « ® ” 1

%
* . .

s 1 ’ ) \,
Lancaster, op. cit., p. 22. ~ . }

-
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Let p be the vector of old prices for (m) goods and services.

i')l the vector of new prices for (m+1) goods and services,

c=qt the vector of primary resources available for production -

I3

equal before and after the innovation has taken plilce. .
Let us assume that x(m ¢ 1) good is produceg by & new activity y(m+1).

The original number of activities being (m).

t
As we suppose that there will be a new element_ in the goods 4

3
lctc , we can write for the producer two linear programs determining - °

optimal-conditions of production for the 'old" productican technology
‘ » -

TTm g and for the '"new' technology T1 including \

Im+1) x (n+1)]

prodegtion activity producing the innovation.

We can write for the existirg (old) production the following program:

‘ ~ g\
Y 1

max p-X = max p.T-y 3

subject to. - Ty = - ¢

'
- A

The optimal solution gives a vector of activities y*, which determines

the optimal outputs and inputs X*, and the maximum value of p-X* = profit.

1
.

The new production.
~ v

- 1 &
We want,;to determine what is likely to be the lowest price the

innovator c¢ould charge for the new good X+ b

A »
©
y

B < v

Let the new vector of prices iil have all m-elements equal to the

elements of the original price vector p and suppose that the inmovator

1 ¢+
chooses an arbitrary price P for the X+ 1St good, Then Kthe optimal
production should satisfy the¢ following program.

max f)l- % = max 51 . 7k ');1 *

]

4+
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°
-
’

Subject to - TI . yl = -¢ Optimal solution il* and .
4 ' 4 » s . _.1 v
- , resulting x™*. -~ d

o8 . 4 8 {

The new product im Pl would Be considered for production only if’ it 1s

'

an element of the new efficient productign vector xl* and if o price

bl %y J ’
vector p s%tlsf1ed the following condition: ’ .
3 he, A

) - h ¢ v
- -1 - A . 5
P o.X *é;; p -x* +°D “ Co ‘
; . S S . '
‘and ¢lement X e1 € X *, xm*_; *0 Wherg D 1s the unit development
/ . ) ( . cost necessary for introdu=-
A - . ing the production of X .
j - cing the pro of S

’ . 1.

' ! - \

»  The minimup price

1

the profit from the new production would just be eqdal to the profit ‘

manPm + 1 then will be the price for wplch

~

resulting from continuation of the old production.

o
7 £
v R -

-1 -1 -1 =1, _(=z = ’
NS T Bl = {p.xee D :
;o for o x >0 .

13
‘

The upper boundary for this price range, will be determined from’

-

the demand side. In order for there to be a demand for the new preduct,

- I3 R

* the new characteristics of this new product X,

4 "

'

4+ Dust give an efficient

point z* in' the space of commodity characteristics C.

« IS
»

v

o

'
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The efficiency frontier in C-space is a function of consumption

]

technology given the price vector 132. .

; , ,, 7 "
Suppose again that we compare the new vectorfof prices 132 which

v - ¢ 4

has all elements (m) equal to the preexisting prices of m-commodrties

and 1ts (m +1) st element 1is the .pr:x,ce of the new good Xnr1t

. TR 4 -
’
' .
v
v

To find the price ‘2 we may proceed by introducing a vector
P Pnsa r

il of commoditi,(;_s such that its element X = 1, xj =0 fmﬂc (k=m+1)

" (G *¥k)

R

A&

-

¥t e A

As 1t has been shown above, this vector # will be assocla;i:ed

’ @ o ! -

+1° . L

with characteristics Em

4 . *

“ - - [ - - Lo
Zovl B1 .xl . is the (m + l)w column of matrice B%. '
+ ¥ B i A}
= , - -
- 1 - -

o

The cost of consumption of a vector of characteristics Em +1 1S thens

-
- »

~2 ..1 - 2 \ . R 1 - ll
po.x Ppyp "1, : N
\ . . x %

» In order to find the highest possible price pi 41 Of commodity X p1r T C

.

® that will still make 1t an efficient ghoice, we hayevf:o compare the value.

- , .

pi .1 "1 with the value of-the efficient choice for the same vector of
characteristics Z: . under the conditions of the old technology. .

“ *

m+.1

“ v ¢

L} ]

A vector of characteristics Em 41 represents an efficient choice z*
* af the vector X* is the solution of the program: ’

¢ “ N ' .
¥ ' S min 5 ni

-~

> 8 -

- Subject to:. {

83'1 Im+1 . ' :

g i

M et g e
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, _ / L
The new product will represent an: equal or bettet choice 'only. 1f: .
\ .
| e S
' ’ - = {
Prept ! = b S { L,
: !
. - | L }
That is only if the cost of a set of.characteristics Z fL‘é§soc1ated
with a wpitary quantity of Xn+1 .is cheaper or at most equal to the
. . . \ i ’
L cost of the "old" consumption, pPX* ‘ S
- - 1Y N R < [ v

. . Thus the‘upper limit of the price of the good | x +l is Pmiﬁl P x*

, whegevﬁ.i* is the solytion of the program

<

L ~ & R t

ol -
. ‘ min p x . .

Subjéct to! BX, = z

o " ® * b '

-

Ad b) Goods are not divisible 'and can he consumed anly as an entity../
T The ™ convex cone in space C remaing unchanged. . |

*
¢ Compared to the previous case; where the set of obtainable

“ £
s

characteristics was convex (a convex cone with a weak convex boundaxry),
T < .
y @ v w0 14

the obtainable set now is constituted by discrete points i\athin f convex

wd

e cone and 1t 35 therefore possible to xse methods of integer ﬁro ramming

. .’ o P e 0 .
for finding the points of an efficdent choice forﬁconsuQE;;Lﬂl L .
N . { LY .

»

“\\?s, though we can find the lower boundary of this prlce range
A % according t% this same criteria as in. case

<

’

T

, when p.x* 1s the solution of the program: i ‘ ,
] - N
] mn  p.Xx ‘
B . o
) . Subject to: B.x = zm‘_1 and xJ =0, 0orl, or 2
o e or an integer
1
. , (3=l...m+1)
4 'Ad €) The new godd x 1 expandé the convex cone of obtainablé®
, ! chardcteristics . - 1in space C.
® N ’ R 5 . . P’
qn(" ’ jas <
* e Rg.c . K it

Ad a), the upper limit of the price of the good xm\-l is Ppe1 = pix*,
. 1

et w
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In the two previous cases Ad ¢) and Ad b), we have assumed that

I

Zo . 1'“ a vector in the characteristics space C,; which can be expressed
L)
as a linear ;ombmatx,qn of r-characteristics Em+ 1 belonging to the convex”
T
cone, ¢ =L ‘a.z, for a, =0,z =o0. . ,
jap LA -7 i= 1 . L -

. 4
v « N

Now we vonsider the special case, where the commodity X+l is associated
L3 N ! Ny
with a vector of characteristics z . outside this cégx'ex polyhedral cone,

¥
f i’

o I £

+

for any Ei =0, aié.o, +

u
=~ ]
o

fi=1...m

1)

Loxs = 0 0 # 1) :

The lover b un\dary of the price range will again be established as in case

t >
Ad a) assuming producer's profit maxihizing behavior. Howe\re}, in this

- o -
T T | 1. 5 3 tad
special case the wppsy boundary vill be an arbitrary price Thae hecause
:
v 3 Vv

. - 4
the wector of characteristics Z . 1 now hecomes one of the half lines form-

ing the cone and therefore a vector of characteristics Em+ 1 associated

with an X s represepts he optimal solution of the program.
; .

4

~b
’

' . mn  p.Xx . . .

\ . ’ = . X* = B
Subject to BX Z 1 for x X i1t -

. 4
v
! - °

2) New technology does mot change the characteristics of the final good
but reduces the cost of. production.

* P v

'

This 1s the only ¢ase ¢f new technology “hlch can be dealt with

-

by apply®hg the ordinary ‘produttion theory. It has been analysed for a

special case of production of one' final output by Slmon.l / .

» r
"
‘/ 4

1

-

H.A. Simon, "Effects of technological change in a linear model "in
koopmdns ed., Activity Analysis of product:on and allocation, Cowles
commission for research.in’ economics, Monograph no. 13., John Wiley,
. N.Y,, 1951, -

|

»

B e i e B Aw

.
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Determination of the price range. ~
) 1

-

A To, determine the lower boundary of the price range, we can simply °~
Al u * 3 h

qapply’!our ..Ad a) analysis for goods which arc divisible and consumed in

conbinations, and look for the solution of a special case when

.
» .

z =, Z vhere z_ is the vecto : istics
ml  Z Z, 1s the vector of characterista

P ’ ° associated with a unitary, quantity of the
£~

good X\ before the new technolopgy decreased

s

. the cost of its production,
By defanition of this category of technical change, the two vectors of

characteristicy are identical, but the two technoldgies of production are

+

v .
- 2 . P

not: g '

-

4 T

The new price pn; i1 for the innovated good can be lower than ‘the original

he determined hy the

.

1

B} - -1
* = p.x*+ D Pns1 € P forxm+1>0.

x* are the vectors of optimal outputs for 'the two respecétive

1

technologlies T and T.

r

"

ent consumption criteria and using the same cmterla as in Ad a).

P

ye uppé( boundary of the price range 1s again determined on the basis of
Cl

an effl

‘ The new product xm 1 (in fact the old product produced by new

o .
technology) will be considered an efficient choice only iff its price is

equal to or lower than the old p:cic:e.1

“

1

»

We are looking for the value of consumption of characteristics z
associated m.th a unltary output of x = x . In terms of
value: p % p-x*. Characteristics z_ are .assotiated with good x_,

=z
m+1 "m*

5

\ . therefor't t}m Optlmum output vector x* is" identical w1th element

\?[ Lx, =0, (i=1....om1)andp .y < Py

-

- .

4»
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The upper bowndary is obviously Dol

Ppe1 S Py ’

1 A

= Py 1o no ‘change in price.

3) New technology adds new characteristics to the preexisting ones.

s )

. It this case, we are helpless~with the new approach. Addition

1

of a new row to the conﬁumpt1en technology matrix B makes it 1mposslb1e

oh

to compare tue efflcx/nt choxces bqfore and after the introduction of

Bl

%

a new techﬁ%logy. 1 ) R .

methods, :

» B D)
4 . ¢ o

1Y
v

Thercfore, the price range cannot be,determined by the above

) r

Conclusion. . -

#

°

The combination of activity analysis of production and conswiption

enabled vs to . derive rigorous criteria for the classification of various

[

types of technological change. It also enablec us to determine thie price

range into which the price of the new invention has to fall in order to

7

,be commercially exploitable. All but one type of technological change can

be meaningfully evaluated. ' .

N

8
' . %

We believe that the éipsent approach represents a step forward

from the aceepted treatment of the technological change in the activity

halysis of production, which so far has been limited only to the cost -

reducing inventions. Onf the othgr hand, it also represents a step forward

ta

&

. . )

“ ‘k
i u

Concepeually, 1t 1s possible to think of a matrix B having as many rows
(characteristics) as conceivable, although those which are not yet dis-
played on any goods, would have values of zero. lowever, the practical
usefulpess of this arrangement would unfortunately probably be also
close to zero,

14 R [

2 - .

“

¥

B

4
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*from Lancaster's model by adding the production cfficiency criterion to
his criteriun of consumption cfficiency and by using the two criteria as
, o

a

a necessary condition for an cconomically viable invention,

)
¢ }

o

&
. «The mpst anteresting implicatazon of the present approach is that
&
. . /
1t clearly shows the relationship enisting between available resources,

3 3 - » . --fo
) prices and the cconomic feasibility of an anvention. An invention ré%re-
. .

. "

sents an‘cébnomlcdlly attractive innovation only with respect to a given
| a §x . ° . *
vector of prices and resources. 4 change in any of the two vectors leads
* k8

) - to a change in the cconomic feasibilaty of an invention. A previdusly .
- .

4

L)

:*  economically non-viable,inventior may become viable and even attractive _

for a new vector of pr1ceg.and/<7 resources, " \ "
? - ¢

4
fcéc?/ - TN ' ) .
»

Ta make the present apprdhch operational it would be necessary to

0

. o antroduce the time,and probability dimension in the analysis and work with

* - t o .

' the expected rather than with thc‘%ctual values. |

+ - ®
» d
B . -
3 .
«
’ -
4
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The market size S; L and the market share' of the j-th firm sij

APPENDIX B °

n
B

are both functions of xlj and plj, under the assumption that the firm

)

can be expressed as:

i

t

H;j

%

= kij‘p”.x1J

e

t

/

-The total differential of profit then equals :

1

To express the total differential of profit in terms of market shdre-and

[

1]

3

" Ky ey

1]

X, t P

market size variables, we wrafe;

"(2)

dll,

s

O
= WS

i)

b

. dxij) ~ dRD

I4

’

s

1)

A}

Kheeps ats marhup pricing cocfficient kij constant. The profit function

4

P

..S..k__+ s__.dS_.L,. - dRD,. vhere the profit in-
iy 1371 ij )

i 1 i
i , ), J . I, ‘
* crbment 1s a'functidn of

both market size and market share variations,
’ »

and of change in R and D cost,

¢ Y
' / However, 1f we express the market share differential dsiJ 1n terms of a
ratio of the firm's sales, to the total market size. -
o ~ Dix « Xs. ‘ o .
j . siJ = i;s ig , the differential 1s then: '
1

! ” o dx ) - Pii * *p. . as

LR s .= 1 (x _.dp .+ . .d - fij ° . .

! d 1] ~§—-( 1] PIJ le le) *ll~—§*£l i
' i - ;S
‘ i
Y Where: S )
‘e PR » ’ ¥F ;‘* i

“* . é. (le dpLJ Py dle) dle » equals the variation of the
e \ R ) . s
:# . market- share with respect to the original size of the market.

4 > o » -
o1 =y »

1 ‘ ‘ .(g ?ij'xlj = ‘const.).

1 v { f’,, N ! 4
?‘I - ‘ t ’
i For the sake of simplicity, we omit the use of subscript t, an thas
* { appendix. ¢

) , ; -

»



C(2a) ds, = ds *-s, .9 ,,
iy 1) i)
- 51 . 2

Substatutang the result for dsij into the profit increment formula (2),

we simplify: .

~

1 . . * 3
g dr., = {ds *=~-s. . dsi) S k.. + s, dS k.. - dRD, b
. i3 1] iy T il i37 171y ij
(3) :
: an_.-= ds, * . 5, . k,, - dRD v g
J 1] 1 1) v

(3

) ) - N

Thus owing to the definition of our variables, the profi

»

variatzon 1s dependent only on variation of the market share, R and D ex-

% t
penses and onthe absolute size of mafhet size, but not on the chapge of
the size of the marhet size; howevgr, the variation of the market share

0

with respect to the original, constint marhet cize 1s a function of both

-
-

ds, . and dS . °
i) 1% .

: To verify the correctness of thrs result, we substitute the under-

lying exogenous variables x » py; nto formila (3).

1)’ |
at = = x 5 dx, ).t k. =~ dRD,.
TP X ( 2§ Py Pay 3) RIFRNTREY ij
jzl o +
t "
indeed the result: . A
. '\
1 - - - - A3
unij , (.\ijdplJ fplj.dxijj ng r dRDij 15 identical to the erV1oqs
' L
one (1) . v ’

tgi

vy

o
« * P
S
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., . APPENDIX C- :
Data and their sources, . '
C.1. Data on patenting, BRI .
_3\\\vm‘ National Pdtent Statistics are unfortunately aggregated in a form

Ty

« highly unsuitable for use an economic analysis and to make things worse,

there are important differencei in the nataional patent systeﬁéfand still
i %%
more so in their statistical presentation. Thus, although there has been

- °

in recent years a regular publication of the International Patent Statis-

1

“tics by the United International Bureau for the Protection of Intellectual

Property (BIRPI) in Geneva,l the ﬁublished tables do not permit to esta-

[

blish the proportion of the number of patents awarded to nationals of the

r

L3 “

( reporting country and to toreigners except for the total number of patents

-+

issued 1n the given year. On the other hand, the distribution of patents

v

by type of invention 1s done according to anternational patent classifica- .
tion which is quite remote from either Standard Industrial Classification

or Standard International Trade Classification systems used for economic ,

L

statistics. o

¥

k4
_In order to have the data on patented inventions in the desired

form and aggregation, we were ‘forced to extract the information form the .

AN

bulletins of national patent offices and arrange them according to the a-

' bove described reqé}rements. These bulletihs are usually published weekly

. é
i

P 4
Published annually in Industrial Property, For the data on the pa-
tents granted during 1967; see: Industrial Property, Annex, December
1968’ ppo 2'1:1. ¢ 4 * . m 2 +

! }
@ o ~

€

7e
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or in ‘longer, regular periods and contain o bricef description of cach of -

the ‘patents.. Frém this description, 1t 1s generally possible to learn

)

the date of application for and issuc of the patent, the name of inventor
Y] 1 i p

€

, ¢ n
or proprietor of imvention (if the two are not identical, very often both

. . ' .
are given), the address of that perséon and in the case of foreign priority
i hl »

claimed, the date and country with reference to the original application.

1] -~
- L

. A brief technical description of the invention follows. .

J
N ¥
B r

> [
- All patents are classified according to national patent classes,
s “

ay
o

wh1cg basically vary from country to country. In some national bulletins,

the pul:lished patents are also identified by the” 1nternational patent

»

. .
" classification class. The &otal number of patents issued varies from
“country to céuntry, however, the number of pétents"publishe&.in the bul-
3 1et£ns of each country is very unlform_;h?oughout the célendar year. Ac-
cording to eaperts of the Canadian Patent Uffice, this wmiform dis%rlbu—

N

tion 1s also’prcseryed within the broad classes, therefore, the’ publdished

a ¢

patent statistics may be saﬁpled by random sampling 1f we are interested, -
* L4

* “ »

) v, s . - -
as it is in our case, in numbers of patented inventions only, Due to the

-

hagh number of inventions patented yearly, ranging in countries of our Lg-ir

%
o
2

interest between eight and for%y four thousand (Beléium and France respec-
- I

o

tively), the sampling was a practicdl necessity. - {?

[
td

Before we proceed to a description of the details pertinent to

-

the patent data of each country, it may be useful to mention the general

methodologital problem involved in reclassifying patents so that they may
be related to the Standard Industrial Classification and Standard Inter- -

[
Fl

4

4
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national Trade Classification used for cconomic data,

~

Cq;;xary to the classafications used in economics which are based

either on industry of erigin, ISIC or on final products, SITCy the basis

for classafication of patents 1s either the functi®n and/or the effect of

.

an invention (the Canadian and US classification) or the combination of

the product and industry of use principle applied in Germany, other Luro-

»

pean countries and in the {apanese system. The international syste; is
more of European rather than North Amer;can inspiration and its chief ad-
vantage 1s that it offers a general unifying referenc; classification for
the cases where the national system,such as the Canadi%?, does not give a
clue as to which industry creates or uses an invention. In the case of

Japanese data, available in Japanese only, the symbols of international

L3
ciassificarion were e only gaiding element avdaiidbie,

s

The above mentioned differences in natfional patent systems make
a perfett reclassification of patents accordifig to ISIC impossible. How-
ever, due to the very broé& classes of ISIC™ used in the study, the con-
cordance between the two systems is likely to %e satisfactory in general,

with a possibility of a few uravoeidable mistakes in the case of Canadian
atents 2 . ‘ ' )
patents, .

-

»

Now, we prescent the patent data for each country and discuss

briefly the important details. N

Throughout the study, the version of ISIC revised in 1958 will be
used,

See the subsequent details concerning Canada,

@

o -
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Gcm&ny‘ . . x \ s = g

. - The sizé of the sample was 2121 observations, (patents) wh;;&ﬁ £oT~
0
regggnded to the total number of patents published in six randomly- chosen
- 7
weekly issues fo Patcntblatt;i this sample largely ,exceeded' the minimum
< .

sample size requirements for the chi-square distribu‘tion.2 The distribu-
tion between nationals and foreigners in individual classes of the sample

then was extrapolated by a factor 52/6x o obtain the estimate for the oot

N t

whole year 1967{ o .

- .

-

- - - 13
The following table contains the cbndordance between the cIégges“ i
iof the ISIC used in our study and the corresponding classesrof*the German

patent classification with the estimated frequency distribution of patents.

»

v .

1 patentblatt, 87 jahr, Heft 11, 18, 27, 30, 45, 50 ’
{Bundes Patentamt, Minchen, 1967) . .
2 ~

The sample size must be sufficient to ensure that none of the theo-
retical frequences 1s less than I and not more than 20% of theoreti-
cal frequences are less than 5. In our case the smallest tﬂroretl—

cal frequency was 10, for the foodstuff, a
. See c,f,
- W.J. Dixon and F.J. Massey, Introduction to Statistical Analysis,
(Mc Graw Hill 1969), p. 238, . 7
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Table 1.
Conversion of the ISIC grolps in classes of the German patent cl

sification and ‘the estimated distribution of patents for 1967.
N .

'
%

3%~

(S1C) German classes to foreagners to nationals of paten

No I;ldustry group Corresponding No of patents No of patents Total no 7}5

3

3 ¥ 1

1. Food, bev, to- d e ! "
bacco 2, 53, 66 85 87 - 173 .
{20.21, 22) 79
2. Textile, clo- ' . - ’
thing...* 3, ®, 25, 29, 372 442 ¥ 814 .
(23, 24, 29) 33,-41, 32, IS .
71, s 716, ‘
' 86 ,/ ¥ . x
4. Paper § allied / . . < ’
prod.** . 54, 38, 54, 424 581 . 1005 7
{27, 28, 25.26) 55 . -
5. Metallurgy %48 320 338 658 .
(34) . - &
‘ . ‘
6. Machinery-non I, 4, 11, 13, 1723 v 2399 4122 '
electrical 14, 15, 17, ! ’
" (35, part of 24, 27, 31,
36) 36, 38, 39,
13, 46, 47, 4
. 49, 50, 59,
67, €9, 70, . ‘
72, 75, 80, ,
82, 87, 88, . .
60, 81, s -
7. Electrical 21 . ‘1368 _a - 2338 ° 370t
mach. . ‘ .
37 : : 1
8. Transport 20, 35, 56, 831 1421 2252
equipment 62, 63, 65, . .
(38) - 67, 81 *
*
9. Instruments 42, 81, 57, 945 . 1213 « 7 2158
{part of 36) 79, 83 , -
] ° -
11. Chemical ind, 6, 10, 12, 16, 2281 2055~ 4366
(31,32) 22, 23, 26, 28, ; ‘ " ~
78, 85, 89
12. Rubber ind.*** 39 109 / ™98 198 -
(30) .
13. "Nommetallic®  '32, 80 ) 182" 3 399
mineral prod, o T, o ¢ ”
33 {
+ fontains Textile, Clothing, footwear and leather industries, , s '
*+ In order to correspond with the German R and D data, contains papér, wood §
furniture and printing industry.
*#tipart of Germun clins 39 (Nascxca) included an (hemacal mdustry. Duc to o '
the relatively low no of patents in thas class rcprescnted in the oraginal .
51X wech s.xmplc, eyentualy wm cleven weeh s mple was dnalyzed in order to ‘
arrive to the distribution between the nationil amgd foreign patestees. ¢
extrapoldation factor was awcordangly "2 for this clds\. . . . .
. n ‘ , .
- : T - § - ,
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France. '

e

A . !

13 ~
French patent data are arranged according to the International

Patent Classafication, IPC, Therefore, it was possible to use at least

" for source of the industries the total number of patents given by the )

BIRPI tables ! and apply the percentage dlstrlbutlon between patents to

.

foreigners and nationals found from the samplé for each of the industries,

The sample wgs constituted by six weekly issues of the official

' bulletin of the French Patent Office. 2 .The officmal French patent bulle-

tan classifies a patent in more than one class wheﬁéver the technlcal char-
acter of the inventign makes it difficqu\gg‘assign the patent to a single

class., Thas pecullaf'practice - useful for patent searches by technicians

f N
and patent attorneys - involves multiple counting of patents. To avoid this,
we have assumed that the distribution of patents classified in more than one
class 1s the same fgr the patgnts created by nationals and foreigners and
b

-

y 3 . .
for all industries of our concern. For the industries where our sample

‘

a Iy ¥

-

- Industrial Property-Annexe, op, cit,, Chart III, p.'1l, :

©

Instltut National de la Propriété Industrielle, Brevets d!Invention:

Vol, 2, Table des Brevets par Ordre des MataSres, (Paris, Imprimerie
Natlonqle, 1967), }0110w1ng issues, ,jgentified by the data of publi-
cation were included in the sample. 3/17/1967, 6/23/1967, 6/30/1967,
10/13/1Q61, 11/"9/1967 5/5/1967, .

L4 -

3

The possxhlllty that a patent is c13551f1ed in more than one class

depends entlrely on the technical character of the invention and is

therefore, independent of the origin of the inventor. As for the

equal distribution of the same phenpmena between' industries, we have
, checked this assumption for patents publashed during two weeks and
p found it confirmed
.

i w
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findings . served only to establish the distribution of patents between

natzonals and foreigners, the inflatod count did not ‘#ffect the results,

'

For the remaining industries, de.ined narrower that the broad clusses

3 " k]

for which the totals were available from the BIRPT tables; the sample's

patent counts were deflated by a factor of 0.7871 and, extrapolated by a

factor. of $.b66 to estimate the year's totals, The follOwing table

1)

containS/the conv

1 &

ersion from the classes of ISIC to the corresponding

classes{gf IPC used by the lrench patent office and the estimated fre-

.quence distribution of patents‘.7

'

& .

1 The deflator = True total of patents / Total of patents including
. patents counted more than

4 once. X

!

+

v
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Conversion of ISIC groups an classes of the International Patent Clas-

sxfxcattl (1pc) X?d the estimated distrabution of French patents for 1967.

A

No lndus y group \Corresponding No of patentz No of patents Total no
classes of IPC to foreigner to nataonals of patents/
¢

1. I‘ood,&cvcmge 1-A24° 42& 161 587
and tobacco . -
(20, 21, 22) y , ; . .
2. Textile DoL-po7 1093 166 1260
{23) L
L4 »
4. Paper p21 192 81 273>
27, (*pare, cy{ , s
. B65), . . ‘
5. Metallurgy Cc21-C23 906 tl 144 1050
9 ¢
!
6. Machinery FO1-F41 9155 : 4692 13847
non electrical BOl-B44 '
. (35, part of 36) (except B29) Y v —_— .
) B65-B68 . e . .
7. Elettrical * HOI-HOS 3999 o, 1588 5344
. machinery ' \ v
{part of 37) ., -
¢ B
%. lransport B6Q-B68 1707 1222 2020
equipment, “part of FO1 -
(38) .o o
9." Instruments  GO1-G12 - 433 1722, . 5188
{part of 36) - P
11. Chenical €01-C14 6551 1057 . 7608
industry except CO3; - > N
(31,32) v 04 A
12. Rubber B29 - 163 . 67 - 232
(30) e . .
13. Mingrals c03,c04 532 Tse . o716 .
non-metalic , N PR
(33) o . . :
- . v , ,;l . »
, . . n:,‘_ LAy T
» R ., E L g ‘r‘ "
" L g . o et

" L
Also contains patents related to the manufacture pf Paper art:.clés.- R
A ~ .

v
!:’,l,, v . v
.

A

PR
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&, . '

. Belgium patent data, similarly to French patent gath, arf ar

ranod'apcdrd;ng to Internutional Patent Cla%siflcation (IPCY. There-

4
¢ ¢

fore, procedures 51m11ar to the qne descrlbed for France were used, ap-
(7 A Y
1}1ng the tota1§ from the BIRPIl table wherever pos51b1e or estimating
“ ° @ 4 v

"

,the’ adgustmcnts, totals and the distribution between forelgners and na-

” 1

r

thﬂ&;Serom a sampye of 2543 patents covered by two monthly issues of

i .
. L3

1
. the”offigial patent bulletin.2 , .

-t 4 :.“ ‘w 0 . " \
The following table gives the conversion between the ISIC groups

and classes of IPC and the estimated distribution of patents,/f//

» o~ -7

“t

& -

Industrial Property-Annexe, op. cit., Chart III, p. 1l. -

Service de la propriété industrielle et commerc1a1e, Recueil des Bre-
vets d'irvention, Service de la propriété industrielle et commerciale,
Bruxelles, Fcb. Sept. 1967,

»
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Table 3. ’
Conversion of ISIC groups in classes of the International patent clas. 3
®
sification (IPC) and the estimated distribution of Belgium patents.f{pr 1967, !
No Industry group Corrgsponding No of patents No of patents Total no
(SIC) classes of IPC to foreigners  to nationals  of patents
) . * :

1. Food, bev. A21-A24 142 17 159 | .

& tobacto !
(20, 21, 22) )
2. Textile D01-D07 i 635 106 741 f ‘
(23) . ‘ I
' i
4, Paper** D21, Part : 44 1 » 45 .
’ of B3l and BO5 ,
5. Metallurgy €21-C23 407 48 455*
(34
o -

6. Machinexry 101-§31  ° 4471 %02 4813
non-electrical  BO1-B44 > !
(35, part of 36) (enc, BIM . :

B65-B68 .

7. Electrical H01-HOS 1408 a0 1448 ¥
machinery ‘ .
(part of 37)

8, Tianspuri” 3{C-B63 630 53, £y 5 i
equapment
(38) | .

’ . ' 1 ’
9. Instruments G01-G12 1227 | 256 1983 r e
{part of 36) N e >
11. Chemical Co1-C14 " 3902 390 4292 -
industry . lexc. CO3, : . !
(31,32) .04 ) . N 4
12. Rubber** 129 1 \ 25 \ § 1 ‘26
(30) B ' ,
13, Minerals* €03, Co4 180 18 198
non metallac - | v l
., (33 . , . o
! [y
» » *
- \
* The totals and distiabution bctw‘%n nationals and forcigners cstinited from
the sample as described above 1n the text concexning liench patent data
ki

Duc to a small number of observations an the sample, the whole pupulation
in the given classes counted, -

’

A

ac
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The sample used for analysis of Canadlan patcnt data covered’

% I4 2

N twelve raiddomly chosen weekly 1ssueq of the Patent Office Record amount-

" . Jng to the total of 5857 patents for the year 1967. 'l Due to the fact

3

. N * @
‘ + that patents to Canadian inventors represeni only some five percent of

the total of yearly awarded patents, the size of the subsample including

vy

the canadian inventors' only is more important, It was 280 patents, i.e..
- 3

iEd

4,78%,of the total, The corresponding percentage of the total number of -,
patents awarded in 1967 was 4.88% which indicates. a difference of 2%, .

' whiga we found to be an acceptable error, As for_the distribution an the
o L a

L. groups of industries, the sample largely satisfied the mimimum level re-
\ - o

)

¢ *  quirements mentioned in footnote no. 6 p. .

IS ® -t
N " a v '

—
i
-

r N 4 -

o ' 7 \
Unclear tases were classified, when p0551ble, by the 1ndustry to

which the firm which was proprletor of the patentebelonged when thls cri~

. L

*la Qd industry was employed Cgses where.nelther of these cr%terla applied
’ 'S
PR . were ellmlnated (715 patents by forexgners and 66 patents by Canadlans weré

t dlsmlssed). Due to the logical differences between the principle of Cana-

-

v
=

\\\\ ' dian patent classification and the ISIC, the distribution we arrived at is

to be regarded with a great caption and should not be taken as more than

\
.an educated guess of the actual numbers which simply do not exist and can-

. . ',4r . . § .
* . . . N
‘ “ 1 Canada, Commiésioner of Patents, The Patent Office Record, vol, 95,
’ . nos 1, 6, 13, 15, 20, 25, 29, 33, 37, 44, 46, 5l. Patent Oﬁflce,

. Ottawa,,1967.“

3 '3 P -
'
~

LS

»

terion-could not be applied, the class of the technically most closely re~

~
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@
not be reconstructed from the Canadian patent stuti§tics.
%ﬁ\ ‘
AS ; A\
L d
&
¥ N ® *
- Jt
3 * - n .
N £ @ % \v’
. p . ‘
L oo ,
) [ 4
* }
\
“ ‘ t
‘ )
)
ay b "
. N \
( \ t M .
* k- ]

1 The closest alternative data source, the result of a survey publisa’ |,
hed by 0. Firestone has potentially gredter coverage of Canadian .
inventors afd better assignment of industry groups. However, for

our purposes, these advantages are offset by the relatively low
response rate and by the period covered (1957-1963).., The cofrela-
tion 05 our distribution with that given, by Firestone was actepta-
ble, R® = 0.92. Tirestone's data are in Table 43 of "his b

0.J. Firestone, Lconomie Implications of Patents, Unaversity of - (,
Ottawa Press, 1971, N

ES
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* Numbers in 'paranthes/:r:{’mdxcatc the subclas'g;:s of respective classes.
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Table 4,
= Conversion #f the ISIC groups an classes of Canadian Patent Classifi-
- Ay
1 cation and the“estimated distribution of patents for 1967.
s 4 v
» ! No Industry group » Canadian classes* Np of patents  No of patents -Total no
(1S1C) to foreigners  to nationals of patents
L) x L ay
¢ 1. Food, beverage 17,99,107,131,146, ‘394 S A 12
tobarcco $03,130(28-~51,60), ! .
. (20,21,22) 200021+ 361526, (52) , .
. . 215(32-19), 21X10, ' Py N .
14,17,19) .
2. Textile 8,19)28,66, 8?, 139, 490 13 503
! (23) 118
° . 4, Paper 9,92,129,156,93, 381 30 411
‘ . 27 154,(99,133) .
-5, Metallurm 2,38,53,75,148, ° 676 35 <711
(34) 149,20, 80, 117(52~
, . 58,75-84,118,157- ]
. 159),204(10-77,83-- \
. ‘ - 88) ! .
b ) . ,
w } * 6. Machiner 1,7,10,15,16,21, 173 277 4537
« nonfelectrical 29,30,51,37,48,51, ¢ \
(39, part of°  5%5,56,59,60,64,67,
- . 36) YT 70,74,77,78,76,81,° . )
N 1 82,85,%0,90,v1,98, ’
. 100,103, 109,110,112, .
113,121,122,126,133,
v 137,138,140,141,147, .
151,153,158,159, 163,
164,170,183,185,187, . “
NN 190,192,193,197, 198,
205,211,212,214,230, %
. 242,243,248,249,251, .
. . 254,257,259,262,268, .
. 269,271,275,285,284, .
292,294,299,302,308,
v 237,241,225,235,354
7., Elgctrical 13,62,65,191,236,240, 4546 ! 221 4767
machinery- 940,306,309,31), 313,
: (Part of 37) 315-323,326-333,336-
340,343,347,350-353- R
355-357,348 -
8. Trapspart 104, 105,114,115,123, 654 56 718
equipment 180,184,188,152(1« .
. (38) 38),213,258,267,278,
P 238,246,280,293,295,
. 296,298,301,303, 305,
. 244 N
- 9. Instryments.  33,50,58,73,88,95, 1187 a8 1235 ¢
(Part’of 36)  116,117(2-25),150,/ ,
. 234,324,265,352 ,

e e e

I R
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No Industry group Canadian classes* No of patents No of patents Total no -,
(Is1c) to foxcigners  to nationals  of patents.

@ o y -

1

6,18,23,31,32, ‘7718 186 - 7874

42,44,52,71,96,

127,134,195,202, '

252,253,260,400, - .

401,154 (exc. 99,

' 133} ,204{exe 10-
77,83-88) ,361(22«

. 24,27,29,34),196, )

- 167 ° . .

11. Chemistry
(31,32)

w
b T
oo
o

12. Rubber 157,154(13-24,55- 178
(30) 76,98,104-106,132, .
7139, 140) ,152(39~
193) |

[

4,25,49, 125,261, 399 17 416 *
117(128,162) ,189,

51(293-309,282, \ s
283,14-25) , e, I8

o 4 ' 4

13. Mineral
products
{33) .

) °

*  Numbers in paranthesas md1catF the subclasses of respective classes,
A\ " o ®

1
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The source of pqten% dath for Japan was the Statistical Report

of Industrial Property (1971)1, giving the number of patent applications

3

broken down by major industries and by nationgl and foreign inventors

5

for 1968, However, a detailed break down of patent applications versus
2

patent issued by industries is not available, Thercfore, to obtain the

distribution of patents issued by industries, to national and foreign

nventors respectfvely,wthq average percentage reflecting the total num-

T

bers of applications to granted patents was taken scparately for the two

Y

grougf of inventors and ‘the number of applications by andustr- was redu-

.

ced by the two respective factors. The following table contains the es-

» - Y

timated distribution of patents aggregated to given broad industry groups

> R
- v

- -~ e
A S 2 Y A T YR O AL e

1 Ministry of International Trade § Industry, Patent Office, Statisti-
cal Report of Industrial Property (1971), (MITI, Tokyo), Tabhle 4, 17,
I have received this weport direcctly from the Patent Office of the
Ministry of International Trade & Industry, Tohyo. Although it is

.,  written an Japanese, there are captions, numbers and titles given in
English, Thas 1s likely to be the most comprchensive statistical do-
cument available, at least partly, in English, .

* v
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Table S. . ‘

a

Conversion of ISIC groups in classes of Japanese patent classificas

tion and the estimated 'distribution* of patents for 1968.
b

No Industry group Japanese classes” No of patents

(1510)

1.

2.

7,

8.

11

Food, Beverage 34-38
tchacco
(20,21,22)

Textile, Appa- 39-48,93-85,117-
rel,** furnitu- 135
re, Paper,lea~

ther products .
{23,24,29,27,

28,25,26)

Metallurgy 10,12,21
(34)

Machinery non  55-62,96-101,

electrical ~ 105-113 L°
(35, part of

36)

Machanery 49-54,63-76,
elec ** .qna 102-204,114~116,
instruments 1306

{37, part of
36)

¢

Transport 77-86,89-90
equipment -

(38)

Chemistry 9-31

and** ai- {except 10,12,
lied produets 21)
(31,32,30,33)

*k

I3

to foreigners

No of patents Total no
to nationals  of patents
95 . 454 549
1059 2435 ¥ 3494
521 1033 | <1854
2114 3360 5474
1726 5052 6778
495 863 1358
2966 3860 6826
;

- /

’
The estamation was limited to elimination of patents for aggriculture

from the broader Japanese

industry no 1, climination of patents

for construction {rom the broader Jipamese total for transport § cong~
triction and extraction of paterts for metalluiyv from the broader tow

tal for chemistry.

However, the totals were actual nurbers given by

Japancse patent office in the document Statistacal report, op, eit.

N

These andustries are an aggregation of seyeral industries as can bem
scen from the accompanying IS1C classes
$ary to reconcile the patent, K and D and Industrial Production data.

This Jdgeregation was negcs-

/
/

[
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Sweden, .

T

The data available for compilation of patents issued by the Swe-

dish patent office were for 1966 only, However, the comparison of the

-

total figures available from BIRPI tables for 1966 gnd 1967, enabled us

=

to apply the distribution of patents issued tv nationals and forcigners
found for 1966 within indavidual classes to the totais of the respectiﬁe
classes given for 1967, This may, admittedly, lead to some error because
the ratio of patents issued to nationals/total no of patents, changed s1i- v
ghtly from 0.209 in 1966 to 0,188 in 1967. The alternative’solution, to

use :he 1966 numbexrs, would have lead to a greater error because all totals

4

woutld have been, biased downward,

As for the samplang procedure, the sample size was 1125 observa-
tions from six randomly chosen issues of the official patent bulletln.l
As there was gréater variability in the coverage of individual classes and
in the total nunber of patents issued from period to period,,wm have taken

the ratio o% patents 1ssued to nationals/total patents issued, for every

7

industry anﬁ applied this ratio to the industry totals where they were a-

vailable f’rom‘BIRPI.2 In the case of industries for which the totals were

4
I

not available because their definition did not coincide with one of the

"

main internatiional patent classes represented in BIRPI tables, we extrapo-
lated the sample's figure by a factor of 8.274 = Total of patents issued.
. No of patents in the sample

A
o

-

~J " .
1 SMH fir Industriellt Rittsskydd, 1967, Following issues,”

1dent1fied by\the date of publication, were included in the sample:
8/23/1967, 9/30/1967, 11/15/1967, 2/8/1967, 5/10/1967, 4/5/1967, and
4/19/1967, ¢ total no.of patents included in this sample was 1125,

Industrial Property-Annexe, op. cit., Chart III, p. 1ll.

N
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The following table contaihs the conversion from the classes

: &

of the ISIC to the corresponding Swedish patent classes and “the gstima-

ted frequency distribution of patents, ‘ . .

T
2 - - - s N
2 ]
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Tableg, . . .

v i . »

Cohversson o’i ‘the ISIC groups an classes of Swedash patent classifica- .
; AR .

- i
tion and ‘the estimafed dastrabution of patents

I

- L4 »
No Industry group Swedish classes ©No of p No of patents Total no
(sicy | ve o g foreig to nationals of patents
/ v . ,

1, ,Food and to- 2,53,66,79, I . 70 24 , 94*
bacco , @ 2 .
(20,21,22), . : .

2, Textale 8,25,29,52,73, 9 . %5 404+

. (@3 76,86 . ™~ i

3. Cloth, foot-  3,3%,41,71 . 35 292 277+
wear, leather s PR S . .

(24,29) *
* I L4 ° “

4, Paper § all, 54,55 81 106 187+
27) . ) o ¢ ot

¥ *
« 8+ Metallurgy 18,40,48 14 N 368,  382%
(34) . - -
6., Machinery v 1,4,7,11,13,14, 728 ., lsul 2639
* non-electrical 15,17,24,27,31,
(35, part of  36,35,38,39,43,
36) 46,47,49,50,59, ¢ .
: : 67,69,70,72,75, ¢ Le p
80,87,81 27 g8, - o
60,67 o '

7. Er. Machinery 21 199 . 0 1431 - 1630
(Part of 37) . .

_8., Transport 20,56,62,63,65 . 51 43 .. 521
equipment . =
8 . 'S '

9, Instrumecfits 42)51,57,74,83 119 ) 468 587 ¢
(Pary of 36) . .

- N u 0

11. Chemistry ,10,12,16,22,23, 91 . 1042 1133
(31,32) » 26,28,78,85,89 ¥

4 E .
‘12, Rubber 39 - 251 . 323 369
(30 i * . e . . .

13, Mineral 32,80 6 < 149 218
Products - ’ .

(33) N . .
’ ” ‘ LA 1 : ﬂ
- ‘# J“ o
. o a
. ) , . .
v v >0 .
¢ wr
£ A u :
Ls ) -

* The totals were taken dlhgtly from Industrial Property, op. cit., Chart III,
PO 11. - &

/ 4 A d . . t o .

[&)

-

oS
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C.2. Other variables., ) ’ -

© '

3

v ' T .
The major empirical problem one encounters in collecting data

i ¥ t

or inlerpational cross-section analysis on a two and three digit manu-

1 s - .
facturing industry level 1s the heterogeneity of national economie sta-.

s

1
tisties. This problem becomes more difficult as we increase the number
1] 4+

[

£ variables of the sample becaus¥ unfortunately only few of the variables

1
o

In order to overcome these problems, we have chosen the only
. i

1

B 4

. e, .
existing "ready made' comparable international statistics of interest

v 0 v

1}
1o our scudy, the imtcrnmaticnal R and D statistice pyhlished by the

OECD 1 as a framework to which we have adjusted other data. The first,

¢

and so far, the only year covered by these statistics was 1963 2 which

thus became the base periagd of our study and other data on explanatpry

.+
.

variables were collected for the same year. The system of classifi-

.

cation tised 1s the International Standard Industrial Classification, but

o

_due to some incomparabilities and lack of data on some variables the

break down used 1s less detailed than the ISIC and the correspondance

v [

.

0

“

OECD, Internatiomal Stataistical Year for Research and Development. -
Volume 2, Statistical Tables and Notes, (QLCD - Paris, 1968).

The 'statistics for 1963 include'for Germany and Sweden data for
year 1964.

a9

B
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15 rather broad. . .
The data originally given 1n national currencies were expressed \

©

t AN
in US § at the official exchange rate effective at the stame. The
deseription of manipulation of data where it was necessary and all other

, details concerning the data.aré given in notes below the tables.

¥
° ) Y

The R and D statistics on the business enterprise sector intlude

# v
the following data of ftérest to our study: > -

€

1) Intra~-mural eapenditures for R and D broken down into industries and

]

countries, source of funds and type of cost. !

Q

2) Expenditure onm R and D, broken down into type of activity (basic ap-

plied research and development), indistry and country. '

+3) Extra-mural expenditures for R and D, broken down into industry,
country and categories of recipients.

‘4) Total expenditure on R and D, broken down into industry and country.

*

5) Manpower working on R and D, broken down into industry, country and
v -

0

type of manpower,.

‘

The second major source of data is the UN publication.. The

Growth of World Industry 1968, 1 which contains data on the following

o . L

ey

[ S
A M i e B b B S, AN . et APt Ay ety e e

indicators of industrial production: { \
1) Number of establishments.

2) Numper of persons employed and salaries. , \
3) ss output at current prices. L
1

United Nations, The Growth of World Industry 1968 Ldition, (United

\ 7

Nations, N.Y., 1970).

-

1}
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[

4} Value added at current prices. .

<

. 5) Gross fiagd capital formatzon - (Machinery and equipment at current

priees).

6) ‘Index numbers of industrial prgduction {related to the value added

s

at current prices in most cascs). ’

' The period covered by thc industrial statistics varié® from coun-

[

° try to country; for each cotintry however, data for 1963 4 and the index
numbers for the peripdld&8-1967 are available. The data are dggregated

! on two (occasionally three) digit level industry groups according to ISIC.

i "

The source of anformation available for exports and imports is

Y
the 'OECD statistics on international trade, 1 from which we have all the
necessary statistics for \the periods after 1963, broken down by product

' &

: s L )
grofaps and countrles of ory and aéstination. Although chose stalistivs

e~ 7

n \%ﬁi/ a e classified accordlng to the international trade classification system
w SIFL (revised), the publlshed statistics lend themselves to, aggregaxlon
* . according %o ISIC used in our study. '

The source of data for the patenting ratio G was Inustrial Pro-

’

perty. 2 The education variable was taken from OECD statistics.

’
< - El

1 QLCD, Foreign Trade Statistics, Serles B. Commodity Trade, (OECD

Paris, 1963). . . .- -
. ’ 2 Industrial Property, AnnexXe, (1968), op. cif., Chgrt l.a. e
. 3 OCDE, Statistiques relatives 8 la structure de la main-d'oeuvre
v par profession et par niveau d'@ducation dans 53 pays,
- (OCDE, Paris, 1969). .

v ' T @

3

v
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The source of data for the.concentration variable is the study

by J.S5. Bain,l which contains internationally comparable data for size

3 »

distribution of plants in manufacturing industries. The data for Germany
. and Belgium, which were not ingluded in Bain's study, were calculagpd
Al

from the réspective pational statisgical year books.

"

a

Thus, in summary, the data for explanatory variables are availa-

o

ble for a cross-section of national observations on R and D and main

t

economic indicators of industrial activity and international trade for -

[y

the level of aggregation correspcading to the gro&ps of industries pre-

\
~

sented in the tables (1-2). § :

'

. * However, due to mational pecularities, exceptions. and speciaio

cases, 1t was not always possible to find data for all variables-and all-

2
90

[ (%]
industries in the case of every country. Therefore, the sample of observa-
. ‘

-

_tions used for cmpirical analysis had to be reduced in_cases where one of
] - i)

L
v
[

the independent variables used in a given regression was not available for.

S
>

one or several national industries.

. . ©

In some cases 1t was necessary to proceed to a further aggrega-

tioh of industries when an observation was mot aviilable in disaggregated

3

form. Adjustments made are described in notes accompanying the folio&ing

matrix of data on prgdetermined and depenﬂent 2 variables,

o~

123
\ ©

¢

[

L 7 J.S, Bain, Intcrnational Differences in Industrial Structure, (New‘Haven
and London, Yale University Press, 1966). o ow

2 For the rrint-out of°patent data see note (h)}, f0116w1ng the tables.

+ #*

1

-,
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1 a \"
e v
a) Germany: Industry 09 included in 07, Industry 08 in 06 T
s because of aggregation problems, .
\ .
b) Belgium: Industry 09 left out because of unavailable .

data for industrial praduction,

-

¢) Trance: \ Industry 06 and 09 left out because of aggrega-
Ytion problems which made 1t impossible to ar~ﬂ“ \\
1ve at a comparable ardustry definition for
R and“B and industrial production data, }
d) Canada:  Industry 09 left out because of agpregmtlon .
problems. .

. L

e) “The growth rate of value added (VA) calculdted by the ter- o

Y e rmanal year. method:  * . . .
. Vs
. . A = ][ Index 1963 C=1 1 -X . 100, using Index

Index 1958 ) '

[P
" \numbers of value Qﬁdcd in respectivéindustries.

s
' v 4 ‘ \ R '

¥ ¢ Y > - N -~ 3
t) L Mahpower ain pull-lime equivalenc numbersw -
[} . f )

* 1
o s

g) Data gi¥en fn original units (see List of variables).. N

-

) Due ta aggregat;on of, soveral 1udust§;e$, described in notes’
(a) to (d), the patent.data’aggregated Jdeeordingly are pre-
sented in numbers actvally uged -coumputer’ runs.7

N
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' Second order conditions fo";r maximum profit. \ _— \
< » N

Lagrangian function for the case of iwo R and D Labour categories:
Y, b b, ' 1

) Y
I 1 2 i 1 on oy 2
L= Por - 84(RD-T), - §,(R-I), “+ AP - AB(RD-I);  (RD-T), (1) y

. ) Conditions of the lst oxder:, - . - ! b
. N . \
T v N £
S LydALzre A=0 2) % .
¢ ap oy .
' (Y 1" 1) . (b 1 1) N bz
L, = 3L , # -8, (RD-1) + v, = Ab+b.(RD~1) v (RD-1) =90 (3)
p T EM . .1 1 1 1 1 2 ‘
B(RIND); . i .
) (v,~1) b, (by-1)
I, oL = =8,y,(RD-I). = "< A(RD-1), ~ b,(RD-1) = 0 4
- 3 TEhT 2°2 2 i 2 2
3(RD-1)2 [ TR
| ' b, © -, b, ' o
3L =P - b(RD-1), *+ (RD-4) - . (5)
' Ty 1 3
I BA 2,
. v
b i lead to the following result)
\ ! ol . )
({RD—Z‘.)m = rePe by, ;; (6)
. (1 W - L L .
] ) Cm N <
v L v N » 4 ) n .
¥ The conditions of the 2nd order for maximum require that the bordered
. *lessian determlfxi‘gmt i has the sign (~1)n (n = 3, 1.e, three variables P,
- u N N § [N s N
. RD-1,, -RD-1, , the principal mnoy of order (m+ n - 1) =.3 should have a
n i} 4 © '
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The partial derivatives are:
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Lyg =0 Ly, =0 Lyo=0 “ - .
{v1-2) . .
- Lyy 20 Ly, sﬁlmmnl < (by - ¥y) Lys = B
v 3 (T "2 R
Lyyp= 0 Lgy =0 Lgg =8y, (RD-Dy ° - (by-12)
N

g =1 . :
) (b "1) R hz ' .
= «b » b, (RD-1) - (RD-D ,

. 83 1} 1 (RD-1) 5 | ‘
_ ’ by (by-1) - .
g; = -b -+ by(RD-1); © . (RD-1), '

9

Substitution of the partial derivatives ainto the Hessian determinant gaves

the following determinant:

N 0 1 g,
~ 10 0
2] 1.
“ o |82 0 I
. gSO 0

. The largest principal minor M.,

*The.last principal minor

]

.

=0[ 71~
oY)

Myp = -1

>

ng + gzi"OJ + g3[0]

s .

2" 33

‘

The sufficient condrtion for the solution to be maximum require that

and -1 < 0 |

o

Pr’bcecdm'g from.the last condition which is evidently satisfied (-1 < 0)

“lpg bz <0y lyy 2 00
t b
/ . we pose -L,, > 0z (or L,, < 0) T
u“f ) ’ “ . (Y "'2) «
[V GQIYI(RD- 1)1 » (b_l"‘Yl) < 0

1
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The specification of parametgrs in the text leads to
. (71“"2) °
b,bl’bz > 0, N sl,ﬁz,Yl,Yz o 0’ (RD"].)l e o> 09'.

The maximum condition L., < 0 can be satasfied only af b, - v, < 0 =2 by <€ Yqo
22 1 1 1 1

, i
y > Y ~ ’

.

sp

anve»lgst condition requires that the -Lzstz <0,
f ‘ 0
From above we know that L,, < 0. Therefore -L,, > 0 and consequently
\ u ,‘ o ) A . i
L33 < O,JWhich implies again b2 < Yy It follows that feor a maximum to
i
e

{ v g 3 > » L] .
occur the respective cocfficients of the production function bm in general
must be smaller than thesvalues of the coefficients Y This condition

implies for the 1im§ting case of the perfectly elastic supﬁly of labour

-

(ym 5 1) bm < 1. _In the more likely situation of the less than perfectly

elastic labour supply, Yy > 1and 0 < bm < Yy

4
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