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Sources of ‘R & D Funding and Industrial Growth

" ABSTRACT

Thé paper considers the;grbwth—pfomotihg-iﬁpaété_of'differéﬁtly

gsourced R & D expenditufe funds across avéampie of two~digit Caﬁadian

manufacturing indﬁstrieén-*An aggregate production function relating

nominal outpuf to various inputs,'iﬁcluding R&D expenditures,'is

‘specified and.estimated for the entire sample of industries as well

as for subsets of the sample. The regteséion results provide the basis
for the paper's mainiconclusion that the growth promoting impact of
both government and privately financed R & D is lower in the two industries

'repeivihg the bulk of federal R & D funds thap in other industries,
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EXECUTIVE SUMMARY

The purpose of thlS study fis to provnde some additional evndence
on the relatlonshlp between sources of industrial R&D funding and subsequent
industrial growth experience. The. spec|f|c questlon |nvest|gated is whether'

" government flnanced R&D has the same |mpact on |ndustr|al growth ‘as prlvately

.flnanced RED,

‘ The growth in the undeflated dollar value of lndustrlal output -
over time is used- as a snng]e measure of the lmpact of RED. Thls rate. of
- growth of nomlnal ~output was calculated for fourteen two—daglt |ndustrial
' groups compr15|ng the 1ndustr|es in the sample. " These |ncluded
fabrlcated metal products, machlnery, transportatlon equnpment, electrlcal

products, petro]eum and chemical products.

‘The measure - of industrial. research |ntens|ty used was the rat|o
of total |ntramural R&D expendntures to one hundred dollars of sales |n 1961'

' for all flrms reportlng RED payments.

The study provudes some evudence that the: R&D growth process ie,
in. part dependent upon the sources of - fundlng for RED expendltures. T
Spec|f|cally, the growth promoting |mpact of prlvately financed R&D
expend|tures appears weaker for two manufacturlng |ndustr|es (electrlcal
.products and transportatlon equipment) which received the bulk of federal
government‘financing than tor the other fndustries in the sample.- The. _
weaker growth promotlng |mpact for privately flnanced RED in the electrlcal
products and transportatlon equlpment |ndustr1es suggests that pr|vate and
publ|cally funded R&D are complimentary act|VIt|es. It appears that in:
ch003|ng policies to stlmu]ate |ndustr|al R&D, ‘the government is confrontlng
a tradeoff between the‘provlsuon.of improved "public~type' goods and inore
rapid inddstrial'growth The provieion’of government contracts for research
in the publlc goods area should _hot be expected to generate - growth to the-
same extent as outrlght government grants to f|rms for performance of market
oriented R&D or as lnd|rect measures to stlmulate increased. private R&D

fundlng.__



Introduction

Thefindustrial R‘éib effoft inicanadalhas historically; beenrlowv
in comparison to efforts in other‘developed countries;‘ Policy makers
concerned with promoting greater efficiency “in Canadian manufacturing
.industries have suggested implementation of policies to increase industrial
expenditures on research and development.1 Several Canadian studies .
“have demonstrated that a significant relationshipvdoes exist between
industrial'research and development'intensity<and‘subsequent industrial'
,growthoz ThUs;yif previous productionlrelationships.remain'reasonably
conetant,.increases ingthe level of industrial:R &D ekpenditures can |

be expected to generate signficantly increased efficiency and subsequent

- industrial growth

Even 1if this premise is accepted however, several important questions
'shDUld be addressed before major policy programs are implemented One
-such question isgishould industrial R&D expenditures be increasedz
:directly through the provision of. government grants to industry for
.performing specific R & D projects or should the government employ in—
direct measures to encourage increased private fundlng of 1ndustrial
‘R & Dlg A related question is_what percentage‘of government grants should

RN

i. A major recommendation of the Senate Speclal Committee on Science .

- Policy was that industrial ‘R & D expenditures be increased by sixteen
percent per annum.over the decade. See Report of The Senate Specnal
'Committee on Science Policy, (1972, p. 499).

2. " See Globerman (1972) and Wllkinson (1968).-

3. Examples of 1nd1rect" p011c1es might include- such -things as tax
.credits and depreciation allowances for R & D expenditures, policies .

. to encourage merger activ1ty where returns to scale exist 1n R &D-
.activity, ete, -
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‘_be tied to projects falling into ‘the area of public goods (e g defence),

: -and what percentage should be devoted to research and development into

. market oriented products and processes? Strictly from the standpoint
of promoting industrial growth the optimal financing arrangement would
result in the private rate of return to. the various government financed
industrial R & D programs equalling the rate of return to privately '

financed industrial R & D,

AThere is some'evidence from U.S. experience that the rates of return_f“:,(“

to government'financed-and'priVately financed industrial R &:D are.not
equalo Leonard (1971) found that the relationships between federally
funded R & D and various measures of industrial growth were stronger
mhen the two industries;receiving the greatest amOunt.of government

R &D: funding, (iue. aircraft and m1991les and electrical products),

were deleted from the entire .sample of. industries. The author postulated‘ o

two interrelated reasons for the~results' 1., the disproportionate
concentration of federal R & D funds in tw0 industries results in-
diminishing returns to»R & D‘expenditures in those industries;-2. firms
heavily involved in defence or space research fail to dlscern the sales
possibllities of products developed with federal funds, or lack the
know-how to. exploit such products commercially. Leonard 5. conclus1on
that the rate of return to privately financed R & D exceeds the rate of
return to government financed R & D is. based on a sﬁmple correlation
:'analysis._ The possibility exists thaL this relationship reflects the
f.‘influence of differences in other indusrry specific factors not d1rectly

" included in the model, .
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.1he-purpose @f-thisvstudy isvto;providefsone:additional'evidence -
on-thé.relationshipvbetween sources of 1ndustrial R & D funding}and |
suhseguent industrial'growth.eaperiencet.:The specific questionjto‘be
inveStigated_is’whether government financed Ri& D has‘the same impact
on iudustrial growth as privatelv financed R & D. Some evidence bearing
on the important questiontof whether'there'are increasing returns to
industrial R & D expenditures will also be presented

Empirlcal Test and Results

Im this study, a Single measure of}the inpact of'R & D"is employed‘f:.
the grmwth in the undeflated dollar value of industrial output .over time°~
Some justification for the use of nominal rather than real. output growth
should therefore be provided° |
L Research and development expenditures can be viewed as'an input in

the production function; The output of the R & D activity in any firm:

- is increased knowledge about the production process enabling the firm

to produce exlstlng products at lower cost or to produce new or improved

products.that are»superior to existlng products. The development of
product improvements as.well as;process~innovations conceptually give
risedtp:increases‘in_real:income,' If a co@modity is'defined as_a'F

compoSite of.different characteristics, the.development of new or improved

~ products can be viewed as allow1ng consumers to~maintain given levels

of satisfactlon9 defined in terms of baskets of product "characterlstics

. with a smaller-expenditure of real resources:in‘the production.process;'f”"

4. A full discussion of how new product introduction can be successfully

~amalyzed within this consumption technology framework is provided
Cdm Lancaster (1966) ' .



Surveys of industrial R&D processes have concluded, on the whole,
that the major portion of industrial R&D expenditures are devoted .

to developing neW'products or to modifying existing products, (i.e.

’ quality improvement) ‘For example, Gustafson (1962) cites results of - ..

surveys conducted by McGraw—Hill into objectives of business R & D.

One survey found that 48 percent of R & D was devoted to new . product

' development° an additional 41 percent ‘was devoted to improving existing f

products while only 11 percent was devoted to developing new processes.
Mansfield (1968) found in a survey of R &D activ1ties for a sample of

chemical and petroleum companies that most firms expected their R & D

'processespto»pay off_in‘S years or less. Since it takes con31derably
‘longer than this.before a radically new-process or product even hits

]the market, the emphasis on short pay-off periods is taken to indicate
_that most R & D in these. firms is geaied toward improvements or minor . .

* changes in existing products,

Improved product quality should, cet.ﬁpar., lead to increases in :'
indices of nominal as. well as real output.. While growth in total sales »
and nominal~output of,any‘one firm 1ntroduc1ng product improvements may
be constrained by‘rival;firm innovative activities, total‘industry sales:?

and: output should increase thrOugh if nothing else, increased export

activity;s It is likely, ‘however, that concomitant with increased quality__du‘

will be higher.prices.for new commodities, on net balancevstill giving .

‘rise to increased real-income. - The problem involved in:deflating output

statistics byJConventional price indices is that these indices do not:

LR
"y

'-5; New product introduction as a’'source of comparative advantage is

the basis of the "pioduct—life cycle" hypothesis of trade. For some
‘recent empirical evidence on this hypothceis see Vernon, ed. (1970). -



-'two-digit industrial groups comprising the sample of industries in the _

_studyo (The list of industries is. given in table one of the appendix)

6, See Leonard (1971) and Globerman (1972).
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make adjustments for quality improvements. A potential result, therefore,
of using real output measures is serious underestimation of growth
rates of technologically progress1ve industries.‘ Of-course,_an alternatiye x
bias might arise in using nominalsoutput growth rates, since changes.
in factor‘prices would_hring aboutvchanges in thisiindex., o

'If‘we were concerned with explaining aggregate industrial'growth,

. real output measures would be appropriate since aggregate price indices

. axe 1ikely dominated by factor price changes. However, our concern is

with explaining 1ntereindustry differences in output growth rates, For

purposes of,comparing;industrieslWith reasonably similar production

‘ functions,-biasesgassociated,with,the failure to properly accountsfor

improved product quality may he more seyere than the failure to hold .
factor.price movemcnts constant. Since it is not unambiguously clear,

for ‘our purposes, which growth indei is less biased, some comfort can

be drawn from two previously cited studies which have shown that the _
empirical relationship between research intensity and subsequent industrial
growth is.relatively insensitive to the growth measure chosen;6f

* The rate of growth of nomlnal output was calculated for fourteen

A‘measure of industrial researchvintensity,USed was the ratio of
total intramural R & D expenditures to one hundred!dollars of sales in
196l.for_all_firms,reporting R & D payments in their respective industries.,

?his_variable'iS;henceforth-Rloj.ohyiously this,measure:of.research 3
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intensity is a direct measure only of the research intensity of firms -

which report explicit R & D expenditures in each of the sample industries.

- Some rationale must be offeraﬂ for using this variable as a proxy for

'the R &D intensity of the enmire industry.7; The explanation offered

is that many firms which doxnot report R & D expenditures receive the

benefits of R & D expenditures made by other firms in the industry.u The =

" benefits can be received in uhe form of 1icensing arrangements and

patent purchases. In additimn, many new products can be imitated by

rival,firms without infringing on the~patent rights of the innovating -

firm. An unbiased index of technological progressivity should include

payments for licenses,iexpen&itures made for imitating rival products,.':

'et, al. Unfortunately, such data do not exist onjan;industrylbasis.

The use of the chosen research intensity measure as an index of ‘industrial -

research intensity assumesvthat the ratio of "unreported" R & D expenditureso

. to'sales.—% for firms not explicitly reporting R & D payments -~ equals
: the.ratio,ofireported R & D.éxpenditures to_sales for firms reporting o
R& D payments¢ The:alternative:index,vreportedﬁR &iD expenditures to -
'total-industryvsales;‘carries the‘impliCit assunption that there-is
' . no intra—industry technologidal diffusion; This is, I feel, a far more

'restrictive assumption than that employed in developlng the RJ series.

The Ry research intensity measure 1ncludes industrial R & D financed .

with federal funds. An altermative research intensity measure derived

7. An’alternative neasure of. research intensity is the ratio~of R&D
- expenditures to sales of &ll firms in an industry. '
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was the ratio of non—government funded intramural R & D expenditures

to one hundred dollars of sales for all firms reporting R & D expenditures

in 1961‘ (henceforth RZ) ‘ It is readily apparent that the overwhelming

‘proportion of contracted government R'& D in 1961 went to two industries.:

transportation equipment and electrical products.

A preliminary test of the relationship between industry growth and

'sources of R & D funding was conducted as follows. growth rates of

nominal output were lagged behind the R & D expenditure year S0 that

the growth rates of the output series are measured beginning with the

‘third year after the R & D input° (assuming this is the minimal lag

between expenditures on, R &D. and their impact) In keeping with the

evidencevfrom ‘the production_literature, i,e. a multiplicative relationship

between output7and_inputsivthe_two meaSures of research intensity as well"
as the‘output‘growth rate series were converted;to natural logs. A

' simpletcorrelation.analysis was'performed forbthe entire sample. Results B

of the test are given in table two of the appendix. The simple'correlation
coefficients are all. signiflcant at the ,05 level for perlods 1960-65
through 1960- 68 9 It can be seen that there is. virtually no d1fference

S~

in the relationships between the two measures of research 1ntensity and

1subsequent industrial gro_wth°

8. Values for R and R are given in table one of the appéndix.  Since
. attention wiil be focused on differences in the Rl and R, parameters, :
(rather than their absolute. levels), the choice of the sales deflatox

becomes of reduced 1mporLance. ‘

-9, The strikingly low coefficient for the period 1960-64- probably reflects

the unrepresentatlve nature of- 1964 as. an end-point basing period.



The possibility exists that the observed similarity in the relation—
‘ships between the two research intensity ‘measures and industrial growth
~is the result of offsetting:influences~of‘other variables correlated
with‘both h & D and growth' To test for this possibility, the follow1ng
:production relationship was estimated separately for each measure of
R & D.

1n Yy = ln a+ bl 1n Ri + b2 In L + b3 1n Ki + 1n ey
_where ¥y = the rate of growth of output for the ith industxy 1960-68;
Ri = research intensity, (both Ry and R2), in 1961 Li'” growth rate
in an index'of.total_employmenx, 1961—68,_Ki = growth rate‘in an indeX'off
.capital stoch,'1960—6§, and ej is a‘randomierror»term.

.When,two separate equations were'estimated-for the two measurestof
-treaearchvintensity, significant collinearity_was foundzto:exist_between.
fthe research variables.and the capital-input wariableru;The production |
_relationships were, consequently,_re—estimated deleting the capiLal
' variable. In addition, the degree of foreign ownership in the ith
| industry, (Oi), for 1962 was introduced into the estimating equation.

If export restrictions and-simﬁlar sanctions constrain the growth of
.foreign subsidiaries, and R & D performance is correlated w1th foreign ‘
ownership,_ the simple relationships between research 1ntensity and
growth could be biased downward. | o

The results: of the estimation for all fourteen induqtries are given _
- as equations one and two, in table three.ANo s1gnificant difference can .

be found between the research 1ntensity parameters of equations one and
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‘ two;. This result was not unexpected in light of the fact that there
s virtually no difference between Ry and RZ for twelve of the fourteen

'”,sample industries.

" In equation three, electrical products and transportation equipmentf':f

were deleted from the sample. The production relationship, with the

.RZ reSearch inten81ty variable‘employed waS<estimated for the remaining

industries. A comparison of the R2 parameters in equations two and three

.shows that the proportionate relationship ‘between growth in output and

Brivatelz financed research per one hundred dollars of sales increases

._’by.approximately eleven percentage p01nts;when electrical,products and

transportation eduipment are not in thelsample. That is, the elastic1ty
of output with respect to changes in privately financed R & D expenditures

is approximately eleven percent lower in~the electrical products and

,transportation equipment industries than in other secondary manufacturing

industries,_.

One possible eXplanation for the above result is that there are

'diminishing returns to. privately financed R & D expenditures in -the two “

.deleted industries. Some ev1dence that this result is not due to

diminishing returns is provided in the following test equation four

was, estimated f01 twelve 1ndustries, deleting electrical products and

_ chemical produots._ Chemical‘products is_the secondgmost research 1ntensive

industry in the sample by the R2 intensity measure, ~If diminishing returns;.ﬁ

to privately financed research expenditures are Significant, one would S

expect the Rz parameter to be higher in equation four than in equation three9~



-since chemical products are more research intensive.than transportation
equipment. ‘In fact, the parameter is lower.:_ \tJ,'

An alternative interpretation of the’ results is that increasing
.returns exist to private R&D expenditures. Hence the Ry parameter

':is 1ower when the more research intensive chem1cal industry is. deleted

from the sample than when transportation equipment is the deleted industry.

A test of thls hypothesis is provided in equation five. For this equation,'Ajzf

electrical products and machinery are deleted from the sample of industries.'
. Since machinery is less research 1ntensive (by our Rz measure) than

chemical products, ‘the R2 parameter should be higher in equation five |

than in-equation»four;to support the.increasing_returns hypothesis. The
parameter is,gin:fact,-louer. ;‘ | | ‘ '

vAnotherfcheck on.the consistency-of our'results was provided by
including electrical products and transportation equipment in the sample.
~and deleLing two other 1ndustries selected at random. Equation six
' reports results when the food and beverages ‘and fabricated metals. 1ndustr1es,:
‘are deleted~from the‘sample° -The~estimated”value,ofvthe;Rz parameter is’ .
consiStent‘with:preceeding'observations-that‘R & D"output'elasticity-
relationshipsfare lower in.the electrical-product and transportation
iequipment industries than in other secondary manufacturing industries.‘
While it would be desirable to test this hypothesis in more detail, by
'deleting_otherh1ndustries and estimating'the production relationship, it
does not appear that our conclusion is partictlarly sens1tive to alternativel

'choices of sample industries.
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Before drawing turther conclusions.from these results some additional
_consideration must be given to remaining potential ‘sources of empirical
biasb_ An assumption impliclt in cross-section studies of. this type
is that the functional relationship specified between the dependent
and independent variables is similar for the different industries in the
sample. The regression results indirectly support this assumption._ For _."
" one - thing, the overall coeffrcients of determination are relatively high; -.
1f im;ortant systematic differences in the relationshipeexisted between S 2
industries, one would not expect the aggregate function to fit as well
. as it does.“ For another, both the coefficients of determination and
' the significance levels.of the parameters remain virtually constant
from sample to sample.ﬁi

| Another potential difficulty with the - model is that in focusing
solely on the supply side, an important demand variable might have been _:
_omittedo The 1nelusion °f'th? demand,variable_might.alter the observed
trelationshipdbetween:the dependent variable and R, invequations_two:through '
five.__The_inclusion of a:demend variable into the mddel Would~require
T a movement towa ds simultaneous equation rather than 51ngle eduation
estimation techniques.u Fortunately, this does not appear necessary. The
.relatively high R2 values lend support to the belief that the equations
are not seriously underspeclfied. Furthermore, if a bias does ex1st due
to an underspec1f1ed equation, we can form some a priori notion of its

direction. A major institutlonal change.affecting demand conditions in
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Canadian manufacturing industries during this period was the implementae Si'

tion of the Canada—U S. Auto Pact and the Defence Production Shar1ng

iArrangement. The Defence Production Sharing Program gave Canadian flrms

\equal opportunity to compete with U S. firms .as prime or subcontractors

in u. S. defence business. A prime beneficiary of this arrangement was

the aircraft industry which is included in Lhe sample as a part of the

. transport equipment industry.- The autopact provided for the elimination o
of duties on trade in all autmmobiles and,components (other than replacementXA
parts) between U S, and Canada.. This provided a large boost to Canadian
exports of autos and trucks. Thus, the failure to include a demand variable
explicitly into the est1mating equation is likely to impart an upward blas '
to the R2 parameter in equatiom two. | -

Summary and Conclusions

“pThe study provides some evidencegthat-the\Ri& Dbgrowth process_is;~in
-:part ~dependent upon_ the sources of~funding'for R & D expenditUres;‘N
' Specifically, ‘the growth promoting impact of . privately financed R & D..
expenditures appears weaker for the two. manufacturing 1ndustr1es recelving
the bulk of federal government financing than‘for the other industries'

in ourgsample. .Given thefsimilarity in results for equations one and
:thot_ié seems reasonable:to iﬁfer:that.governmentjfunded‘R & D in these
‘twopindustries_also:has a weaker growth promoting impact.than dovprivate
_fR & D expenditures.in other industries, |

E The weaker growth promoting impact for the government funded portion 2
‘of R & D is not eta1tling and is consistent with Leonard's findings for the

R

;U«S}_ The weaker-growth:promoting‘impact'for‘privately'financed R&D in“these
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N

. two. industries is revealing and suggests that private and publically

funded research and development .are complementary activities in the two .
industries performing the bulk of government funded R & D, There are

several possible explanations for the existence of such complementarity.

- One possibility is that firms use a substantial portion of their pr1vate‘

.funds essentially to generate federal research contracts. Another :

posslbility is ‘that private R & D funds are used to adapt the results

fof government funded R &D to civilian demand patterns.

The empirical tests provide some ind1rect evidence that it is the

unature of the R & D. performed in the transportation equipment and electrical
;products industries, rather than the level of expenditures, which accounts
for the weaker R & D growth relationship in these two industries. That

is, either the results of government contracted research have limlttd

spinoffs for exploitation in the market place for non—publlc goods ox the

market R & D" oriented industries are better able to commerclally

exploit technological break throughs than are the "government R & D"

oriented industries.» In either case, it appears that in. choosing policies -

to stimulate industrial R & D, the government is confronting a tradeoff

Ubetween the provision of" 1mproved "public—type" goods and more. rapid industrial

. growth, The prov1sion of government contracts for research in the public

_goods'area should not be expected to generate growth to the same extent

as outright government grants to firms for performance of market oriented

_ R_&'Dior“as;indirect measureSjto.stimulate.increased private R & D funding;lo

EE

19._.Since the overwhelming portion of federal funds for the performance of
industrial R & D in 1961 was to support research and development for N
~defence-related projects, the conclusions of the study are speCific
| to this type of public goods research. : :
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Values of R; -and R2 in 1961 for Fourteen-Two-Digit:Industries

r;pdustzz .

Food and Beverages
Rubber

Textiles

Wood Products

Furniture

Paper -

Primary Metals
Fabrlcated Metal Products

_Machinery

Transportation Equipment

- Electrical Products -
‘Non-metallic Mineral Products

Petroleum Products
Chemical Products

R3]
.16
1.08

1.01 .

.67
+45

A4

.69
- 1.10
1.47
2,67
.75
.35

S 1,49

‘Séurce: D,B:S, -- InduStrialvR &D Expéndituresiin Canada, 1963,

TS
- 1.0l

.07

- «67

A4
b
.65

1,10

97

1.51

75
«35




: Table Two

Rl and R2 research 1ntensity measures for 1961 correlated with the Rate
of Growth of Output for Fourteen Industry Grougs '

,Oﬁtput Growth Rste

For Period - - -~ Ry Intensity Measure ) ~ R2_Intensity Measure
1960-64. | _ . s 0677, .7 .0368
1960-65 . S .6503 : 6706 . -
1960-66 S R 7618 T L7719
1960-67 . ; \ .5683 ' _ 5599 T,
1960-68 = - o _~ 7229 o L7131

iTable'Three

. Intercept .. Ry - Ryy Ly . O LS

Equation 1° = <970 - C0323 0 684w w333 .768  15.34
(14 Industries) _ . o (72) . (3.06) (-1.39) -

~ Equation 2. T .998 © . «357*%% 701%  -.332 ,784 16,76
(14 Industries)‘ S . (1.98) (3.54) (1.44) PR ,
Equation 3 1,147 - CJh66% - :593%  ~ 461%% 845 21,01

© (12 Industries) . : ; ©(2.98)  (3.07) ¢ (=2.22) - 0

. Equation 4 = 1,028 L h06%%  746% 0 <309 834" 19,47

" (L2 Industries) o T (2.22)  (3.77) . (=1.42) ——
Equation 5 1,041 - © O .369%%. 834% = 279 .853 22,25
(12 Industries) = . R . (2.33) (4.49)  (-1.36) R
Equation 6 . «826 S : «379%%  ,750% ~,215 ° -,827 18,52

(12 Industries) S © 0 (2.14)  (3.80)  (-.913)

% = indicates signiflcance at .01 level
*% = jindicates significance at .05 level
‘R ° Adjusted coefficient of determination _
At ratio is shown in parenthes1s below each regression coefficient‘
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‘1.

2.

3.

4,

Data and Sources

Private and federally funded_R & D intensity measures,in.l96l:‘.
obtained from Industrial Research and Development Expenditures.

in Canada; Table 12, and Table 13, published by Dominion Bureau

of Statistics, 1963. . The reporting unit is generally the company.

Output - defined as sales in. the current period plus (minus) the"

“change in. inventory from the preceding ‘period for the various

years by industry. obtained from different issues of Taxation

.Statistics publlshed by the. Department of National Revenue..

The index of total employment, (Li), for various years by industry:

obtained from different issues of the: Canada Year Book published . -

by the D, B.S.

- The percent of industry assets owned by forelgners. B.W. Wilkinson,f-”

" Canada's International Trade: An Analysis of Recent Trends and
Patterns, Table 36. - . ~

-
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Intrnin“FWOW. L _
A ereat dowl of publlc 1ri“rvub nn beon centered on the

o

f07ﬁ1r” A e inVnPLNDUu'”TOOPCS nd its ef=ects~on Canadian
CmarnFotnrive dwdnctvies, (4, 5,10),  Novre recently, thae )
T919{iﬁﬂ“h*ﬁ;hpﬁW@@ﬁ_fOTGiEﬁ»OWnGTShip and  the rate of tech~
_no1haion1 nhéﬂwb i Pnnaia hés become an important tonic of
_dianspann among- hoth n011cy~mnkcrs qnd wcanemwo~ (6 7,8.09),-

Tt is 8 well documented»fact that ﬁ&” eypunﬂLLnrmﬁ i e
Janada have bheen relativelyAlbw>in coMpariéon with other ﬁ%ﬁuh%#
rialivéd countries. The.Gray_Beport-(ﬁ, n,Lee) cjtes'the following
Iactor s ag being primarily reonon5ib1@‘For Canada' S comnPrnfively

',IOW- eve] of R&D ectivity and comp”rdtLve]y noor ]nUOVdL)OD'( S _’, |
'perf01mance: L. the rel atlvol\ small size of Canada's ' :
| ‘ domestie mavkaet; ‘ '
2. the heavy desree of foreign control in /
Canéda's-techno1OgicallyAintensive industries,

and the relabed fuct thet parent fivme in theeé 

1ndu>irlu norm)l1y tend to OLHLTA'J e res search:
_ 'efﬁortv,at home; _ _ ‘
3.‘the hes vy concenrt5fion of )anédﬁ's résearch

act1v¢ty OULm]dO the business sccTOT ’

AprOp g the 1nf1uence of (oreLﬂn ownership, Safari an, in h] A
study of the perforr&nbm of foze1)n owhed.fifmﬁ'in Canada, des orlbéd
three important cheractezlatlc ~of. the Canadian: ;jtuation:;~i>f |
1, despite access. o parental“knohledge, Toreign subsidiaries do
perform substantial Réb in:Canédé° 2. differences.in_reseafch‘\ A
perﬂbrmance, whenﬁc]’ssifjed by foro ign owncrchlp vere not
4stati,t10al]y °1gn111cani ~and 3, non-res Joenl ovmed Tirms do mor
R&D in relation to sales than .do reuwdcrt owned f]ILu, but the
difference is statiutiow11y jhsiﬁnxlncanbf (lo,np.‘, 50) L

Globerman has sugoented that it n/d oonoucbed abroad~is'ébmpiem»
ventéry.tO‘domesticuR¢U5 then greatex doceun to Fforeign teohn010~h

could serve tofimorcane rather than decrease subcnoldr Beél)



'.expendltu1e ,(9 0. 9)' Tn'hi*j study of 15 manufdcturznp indvs tlleu,'

Globermdn Iound thab "1n thoge 1nauwt11@ 401du.lf1ed as tcchnolOW1ca71"

prOgr9551ve, 1ncrgased iorel“n ownerqhmp‘lé*agm001dted wlth b.MQLeL“
researoh 1nten ity "™, '(1b1d p.u4) ' .‘ - N o
As cocjaied with the ar¢ nmcn1 Lhub forelgn owners hip“contrihutes
_to reouced 1ev01 of domestle haD is the notnon thaL subsidiaries
'.1mport more tecbno1o"y than res 1dﬂnu«owne ilzms. blVen s”qner"7A
access to parent firm technology,;hhxoiio a Teaso nable prouumptloa,
all other thlrre the same, However, in 11vht of Lhe evidence .
‘ presented by Safar1an and Globerman, it is alno conce1vnbje ihct
access to pdrentul knowlcdre may enable subsidiaries in ‘Canads o'
'not only uo more K& Lhdn their domogtnc'lly owned oountorpurhu,\
~but also to surpass them in techn01001ca1 exoorts. Thueg, if iorelgn
owned firms perform more h&D than- domestically owved firms, it,is-
also p0391b1e that they export more tgchnoioby than resident owned
firms. It is this hypothe 518 which iorm the.baals forithe_present
 paper. ' ' ' . '
- The_ Model - : ‘ : _
: In an attempt . to tes t the hypothéaiq that forelgn owners hip .'
~does not. contrlbute to the d0f1clt in Canada'° Lechnolo cical
bal&nce of paympnts (or Canndd'v tecbuo1ovlca1 disadva ntaae) a
TeFTGSSlOn model wes Qpele]ed and es L1mated The denenﬁﬁnt Vnr37019
Pd-A, - was defined as dol]az pdymvntb made to forelgn€r For extramural
ReD (1mportu) minus dollar payments from Ior01wn0r for- Jnhrﬁmuxu
k&D (exports), divided by tota] lndu,lry sales, This de[crenrc is &
crude measure.of what we are callnnv Canada's LLChPOlogJqu dl°~_.
-adv*ntdne, Data were obtdlned snd qvelaped ‘over- o five year period -
(l965al969) to avold. biaging avgoonatod with a non~re0re enta jVe'
“year. It should be noted that our me~;ure groat]y underes LLnutc"
the'ConcepLudlly-appropr ate meas ure of ‘the balance of Lcchﬁ010"1cal
payments, since 1t doe* not 1ncluue pdvmenta made to parent LOmp”ﬂ)v
in the form of managcmenb or cone ultln& legq, TQJdLblem, 11Qemuing
- Tees, etc, Unfortunately,va‘brcak—dowh~of theée'payments'for“%eChnjcél




know-how is not avaiiable'bk industry group for the pérde under

study. However, total figures for alljmaﬁvlacbuvwno 1ndu tries

Jdndicate that a comprehensive measure ol “Canada' s Leohno1orlcul

- disadvanltage is on the order of‘thiee times Lhe. wlue of our

measure.” . The values for this varlwble and~a11 the independent

.Vd11~b1eq Torx the 15 sample 1nduthr13ﬂ are provided in Appendix 1.

The 1ndependent Vdrldblc 1nc]ude,

1, A forelgn ownership VaTLablC, T, O '(R), meas ured as Thé~:
percentage of Lndustrvia“kut 'hc]d by !or01~n cornor“tLon at .
.leastZBO% of which. were non-j-lldent owned in 190u- |

2, A cohcentratlon index, Cn(l),.measured-a".thc UGlCtntd”e of

total factofy‘Shipmonto of the Lwo digit industry ari Lsing: LfOW‘”

'compohént four diﬁ]i 1ndu°lrwe° in whlch the top fOuT f:zm
. produce 75w or nore of.totalﬁoutput.for the year 19655 -
‘3. An interaction varﬁab?e, TN, which is-the product of )
.aﬁd‘CR. the varioble wa's 'included to test the joint effect
of the first two Vdrldblo ‘ ‘ .

LA, A measure ol government Idnhu CGG(3), as Tisted under the
: _ 8 ? ’ ,

o Q;lndnvbrial L&l In(cntlve AOL, divided by average sales for

the industry in 1969 D
5,'An 1ndex Of‘@VGFG“G fer ul o, AS(?), as meagsured by aVérage_
sales leldCd by Lhe number. of es tdbllohmvnt for the given
Cindustry in 1969; AR o i
6. A discrete Vdrlable, ™ (9) rcpreéenting interindustrj“w

differences in technologicel opportunity, as adapted byij'
Globerman. - S K ;
f. The industry's nominal tariff lTevel in 1969,taken=és a
proxy veriable for the lack of arodﬁot snecialization, NT§
8° 4. varlable DE, meesuring 'cvelopment oyocndltule: as- & '
:perocnta ce of total R&) for 3963 ' .

1. The average annual balance of payments deficit when considering
‘ patentu,‘Wianwes, and technological know-how over Lhe peviod

under study was 335.4 mL1llUH, fhe varldblo Td~A w’v only $10.9
million, D te are Irum (3), fable ]9 o



The sample of 1! 1nuu L]lG listed 1n Anpennjd 1 r.arnoop'o'(“%_'

of all industrial huu for lJuﬁ wni VJLbuﬂllj a?l m’HUIHCLUl!nﬂ
saleslfor”the“,ﬂnp yea .‘1n03(10rb. rWe°sémw1e'may.be COn‘ld(l(d

to (‘:ori"e&:‘pond_-. ;Lcmtlnﬂy to Lhe U]JLV(1-.)O ol mamuj.c.i_.c:_m_u.Lng, f irme,.
The following equdtlon wes eshlmdteu_Ior the-suﬁple uSing‘brdinaryf 
least sguares: . _ . B " AP,
__waAi'= a + blFOi + 'bQCRi +b31Ni +.b4GGi +b)h5 4b TI

| +DoNT + béfpg_ + e, | | |

As ﬁehtioned abbvé, one would oxpeot a neg“tjvo re1uulunsh1p
',betwéeh foreign-dwnershlp ana the'uependent variable if access _
to the pafent's. technology created a "spinoff¥ effect -and thus spurrm-
A

.;_v‘ B

ed'nét exnofts: 'Thc concenir&tlon parameter should be neﬂ&tive
1ncrea sed mllhet povier and nro[itg (resulting from barriers to
~entr3‘ seociated W1th thh Lonovntration) encourage tC(hnolov¢oa1
Jinnovation, However, concentrated industries may ‘be ihefiicient .
"perioxmers of R&D as-a.result of Q‘lack_of‘compctition and, hcnéc,
an abscnce of incentives to strive for move efficient metlwodés of
produciLon, In this case, the concentration narameter would be
p0a1the, One would expect government grants 1o encourage individual
firm R&D,'and.thus reduce or reverse: ueponuencc on foreigm tach-
:hology,‘HoweVer,'the re1atiothin.beLween gov eriment gfants-and'the
 ﬁpﬁencent Vdrlable could be riegative if ﬂbv=rnmewt>grants_actfto‘
reduce more nroducflvc prlvatc ké:h) ovnﬂndxrurﬂ- . -

A~ feature of the L&D mroemnm in Canade. is the facb:thatAthé" .
’bulmﬁofau&D ig conduotcd in the largsoeot flen.iﬁ an industry,'(8,:n.13?
Therefore, ohe:would_ exvect that nverase firm size would be neshtivel:s
”rmiated to the dependent"VariRhlmi"Ar.ﬁ:firm‘ﬁTOWE in size; it
._w0n1d’hn =hle %0 Deriorm more hho'qwﬂ‘ hﬁﬂbﬁ,:Tf““PO its reliance

Con inmortsd f:é('#'xoT nove . AT goerman - f 011'u1 that dncreased beeban?amiox

~aanrbaat o reonfad in n(‘T‘c‘.. .Pd resedrceh. dinten: ‘(ﬂ aLE Y

b ¢ .
Mharafore nne would expect that the technolo o nanariornities dhday
would =1s0 be negatively related to the denpodent varishla,

he nominal tariff variable, serving as g nravy Tor nradnal

Aiversity, nrespnes that as the tarif{ incrasces;, the deorios of



@

nroduel ooolalLa%tlon aecressea, A leas $nﬁci"75”vﬂ Tirm i
Tikely fo be less efficient in producbion Hnd'qawln Angs Tunenione,

V7

and a8 .a resull of the tarif{fl, face 1@35 comoeL1tlon Fron'Pd%@ﬁ#W

Flwmn; One would not expect a re1dL1ley 1nm1110n9nt i, nvotnrus

from foveign competition to be an: eifective ihhdvﬁﬁnr Hhernforv

the nominal tariff variable should oe positively related to the

“dependent variable, Development exner Wilnres accounted for 70% of

total 1ndutllLa] h&D- exn(mdll,urom in Canada in 1969,1t hasg been

noteu that foreign subsidiaries oflen adapt nroducts and processos.

»dthlo*ed by the parent to the Conadisn environment, thus oontﬁzf.'

to the high percentage of develonmémt mXoenﬁjtureo One mlgnt~

predict that the wore development oe ontod the indus t“y the nors

C.commercially uupqu Jeqn1ts it would obtain to sell abroad;‘inuw,

relationghin between the peroent&ge of funds spent on‘developme“t
by an induvetry and the - Jndu trV'-S‘Lechuolovloal disadvantage
should be negative, o o o

cIn the fivet wérios of regressions using the Vuriub]es;jit
was observed thut the concenbration variable wis negative nad

statistically insignificant, It was decided: to drop thisfvmriau]e

and let average firm size a2cb as an indirect*meahuic ol 001<CAhrup

since the two variables are highly correlated., lhis, in. tvzn,

- eliminated the necd for the interaction variable, .

Bguation 1 reports the rewults for the {inal J“tlmctlﬂ“’

equation; (a [ty atis tic is ghown in perenthesis below cach coefiic-

ient,) . _— o
1. To-A =8 + TLOFL O, = L 27866G — , 24445

~] 2
(»4.”_@.) o (h.an) (_f«2.'7.]_)

PHD =IR0LDE
2.91) (=1.93)

ORL 421

-3.15) (
o 22 mae

-adjusted R™= ,735; D Woe o 45

Appendix 2 contains the Tinal re sgreosion. run, correlation

coefficient matrix, snd table of reciduals.

ALY vmriub]é"~in equation one have peremeters which are
°7QQLf'Cuﬂt at Lho .05 Level, except government gra tu,.whoﬂé

coel'd lCJGﬂL e oan ulﬁﬂifiﬂ&ﬂt 2t the .20 level. ‘e sign of

e

C1
Vb

13



“the GG voriable indicstes tha: as Jovernment grants to an '-imi-t_ua’t;r‘y‘
increase, 50 ‘does that induétyy's depénﬁence on foreign techno1dgyo
This maj.méﬁn thet goverhment grahts for R&D-afc-aﬁ inefféctiVe |
Stimulént for indigindus'rcsburch ol thak they distract firm$}fr@m
pursuing CQMmerciaily-orieﬁfed R&D activities. i more detaileij
study is reguired before_a;defiuitive answer can be provided,
All‘dthef paiamqters had the expected,signs'with~the'exception~
of the foreign ownership"vafiable.jThe F.Q. coelficient was positive
and statistically significant at the .01 level, This observabion

supports the contention that foreizn ownership leads to supvort-type

laboratories which simply adapt imported parental technoloyy to the

‘Canadian environment, . However, thigc conclusion is somewhat

tenuous in the light of the substential collinearity between the
',0,, AS, and TI variables, ' - ‘

sumpary end. Conclusions - R

A study of 1% mandfacturiuﬁ'iﬁdugtfies performing the bulk of -
industrial-ﬁ&b in Canada iddicetes thﬂt-fpreignéowned Tirms '
contribute'to Canéda!s_technologjupaymeﬂta.deficjt by importing
more btechinology services. bhan they export, Although the Td-A .

variable is:a very conseivative estimabe of Canada's technological

balénce of payments deficit, a more comprehensive measure would Llikely

strengthen this conclusion, -

Lkeductions in domestic -tariff levels appesr to be & significant

policy-option for stimulating innovative performance in Canadian

manufacturing industries, Concomitant increases in average Tirm size .

should also contribute to an improved btechnological performarce.
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