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1. Introduction

This paper attempts to evaluate the role of tedygyin combination with domestic
resource prices and endowments and economieslefacdeterminants of industrial
patterns of comparative advantage, internationalpeiitiveness and specialization
within manufacturing among OECD countries. Thusattempt to combine two
paradigms from trade theory, namely the technotodyicardian view, and the factor

proportions or Heckscher-Ohlin explanations of érpdtterns.

Within the large empirical literature on the detaramts of patterns of comparative
advantage and specialization (for surveys see D&aiP84 and Leamer and

Levinsohn 1995), most studies treat the role aiblaendowments. Technology has been
introduced into the empirical analysis of compaafdvantage in various ways. Early
studies used relative labor productivity data (Maa@all 1951, 1952) to explain
countries’ specialization. Other studies found R&Ensity, in addition to a set of

factor proportions variables, to be positively tethto US export performance (Gruber,
Metha and Vernon 1967, Stern and Maskus 1981)aWkas like product age or income
elasticity have been used (Wells 1969, HufbaueO1Bihger 1975) to proxy various

aspects of technology.

Introducing R&D intensity as a product charactéjsds in these studies, implies that
R&D capacity is treated as just another resourcewofe satisfactory approach, based
on Posner’s (1961) concept of technology gap®, eéxplain competitiveness in terms of
relative R&D intensity, where high values are assumed tolrés better products

and/or more efficient methods. On the macro lediffierences in national R&D activity
has been shown to influence export growth,absolute advantage, more than

traditional measures of price competitiveness (Fizegg 1988).

There is a growing literature on the role of tedbgy for comparative advantage or
relative international competitiveness, measured on thesing level by (gross)

exports, export shares, revealed comparative aggartdr net export shares of
consumption (for a survey see Verspagen and Wakeé®T). These studies use various

proxies for technology. While R&D expenditure maasithe input of resources in the



production of new knowledge, patents or total fapreductivity growth (TFP) may be

proxies for the output.

Dosi, Pavitt and Soete (1990) found that countiségre of the number of patents in a
product group was positively related to export eean a study by Amable and
Verspagen (1995) changes in bilateral market stearesig OECD countries were
found to be positively related to relative (bila@i@R&D as well as the relative number
of patents. Fagerberg (1997) found knowledge aekidy R&D as well as knowledge
emerging in other industries and spread via gowdde to be important for exports in a
cross-industry/cross-country study. That relatates of TFP growth seem to influence
changes in comparative advantage has been denteddtsaWolff (1997) and

Gustavsson, Hansson and Lundberg (1997).

Most of these studies, however, do not explicitiglide other potentially important
variables such as factor endowmehits this paper we want to do a comprehensive
evaluation, based on an explicit theoretical meddeveloped in order to give some
structure to the empirical analysis -- of the r@léechnology, together with economies
of scale and factor prices/factor endowments inloation with factor intensities, for

costs, prices and thus for the competitivenesgmoifand industries.

In the paper we attempt to evaluate the differentees of technology available to
firms, such as learning, the stock of (firm spegiknowledge generated by own R&D
cumulated over time, knowledge evolving in the mdghe industry and spread via local
externalities, global technology spillovers anchtécal progress embodied in new
capital goods. Moreover, we study if the impactoat and competitiveness of a given
increase in the R&D stock depends on firm sizejfithere are economies of scale in
R&D internal to the firnf, and if the R&D impact differs between high- anditech

industries’

! Some studies (e.g. Amable and Verspagen 1995 agetrberg 1997) introduce variables measuring
price competitiveness, such as relative unit latost, the performance of which tends to be infexdhe
"non-price competitivness" factors such as R&D mmvestment. However, in our view this is not
equivalent to a test of the factor endowments aggro

2 If the effect on efficiency of a firm’s own resehrincreases with the size of the total stock afiidedge
in the industry there is a scale effect on the stigulevel, i.e. external to the firm.

® The results of Fagerberg (1997) indicate thairtipact of R&D may differ among industries.



The paper is organized as follows. In section 2ier@ve the impact of technology on
costs, prices and world market shares -- i.e. ‘ael international competitiveness --
starting from a production function and the coroesing cost functiofi.This approach
is basically the same as in most studies of thaanpf R&D on productivity (for a
survey see Griliches 1995). Section 3 describeddle, including the industry and
country pattern of the knowledge capital stocksstarcted by summing R&D
expenditure over time. Section 4 contains the te$tdm the empirical analysis.

Section 5 discusses some limitations of the armbysd section 6 concludes.
2. The model
2.1 Factor prices, costs, technology and goods prices

Assumen traded goods,= 1.. .n, each produced bi{; firms, h=1...N;, in each of
M countriesj = 1. . .M, with mfactors of productiork = 1. . .m, which are perfectly
mobile between sectors but immobile between coemtiach firm sells a differentiated
product under monopolistic competition with freérgnFor the case of a generalized
Cobb-Douglas technology, the production functiofiro h in industryi and country

may be written as
O = Ay [ x5 (2.1.2)
hij i H K
where returns to scale is given by
Hi :Zaki (2.1.2)
k=1

Technology in a particular industry is the sameafbfirms in a certain country and

differs across countries only with a shift factgy; that corresponds to Hicks-neutral

* Regarding the choice of model, we want to sehepstmplest framework possible, linking technology,
scale and factor prices to competitiveness, usssgraptions on supply, demand and market form which
are standard in the literature, and containingattaristics which we believe are empirically relgya

such as economies of scale and product differémialhe model structure resembles the standarceimod
outlined in Helpman and Krugman (1985), part Ill.

® Unless stated otherwise we suppress the time index



technical change. The elasticitieg, and the scale parametgr are identical across

countries.

For the case of perfectly competitive factor maskete derive the unit cost function
dual to the Cobb-Douglas function by cost minimizat following Berndt (1991, p. 68
ff.) to obtain:

1 A
Inc, =@ +( IUIUIJIthij -4 In Ay t

+ kziﬂ‘_la‘k Inw, (2.1.3)

If all firms in industryi, countryj are identical, they will produce the same outpuha

same cost; the unit cost function for the induglnyc; ) is then also given by (2.1.3).

Monopolistic competition with free entry ensureattprices equal unit costs. Consider
now a particular countryversus the rest of the wond Assume that factor prices are
not equalized, that firm size may differ among does in each industry and that there
are no transport costs. The unit cost, and thugrile in all markets, for thieth good
produced irj, relative to the cost and price of the same gaodyxced in the rest of the

world, will then be

1-u. _
Inp, =Inp, = (Tﬂlj(ln%ij =Ing,,) - 4 Y(In Ay —In Ay +

m

> ptag (Inwg = Inw,,) (2.1.4)

k=1



2.2 Demand

Consumer demand is assumed to be determined bgra&e&ixit-Stiglitz (S-D-S)

utility function, identical for all consumers anill @untries. Let products of firms in the
i:th industry be differentiated in such a way ttneg €lasticity of substitution for any pair
of firms -- domestic or foreign -- is the same.@&irll firms in tha:th industry in a
particular country are identical and charge theesprite, we may aggregate across
firms to obtain the demand for the output of eambintry in a particular industry. The
analysis may then proceed as if products wererdiftegated only with respect to country
of origin ( = 1. ..M) (Armington 1969). If the products of all firms thei:th industry

in countryj are treated as an aggregate, the S-D-S functias ghe utility of the
representative consumer as

&

n M o]
U= ”(Z foj >a =1 (2.2.1)

j=1 i=1
where D;; denotes consumption of the "aggregate produdtiemth industry produced

in countryj.

From (2.2.1) we derive the demand for ttle good produced in countjyn any market
g, and thus the imports of goodfomj to g (cf. Helpman and Krugman 1985, p. 118

ff.). Demand will depend only on relative price aothl income iny:

D

~0
_ B
ijg = N
—0;
> Pi
i=1

whereo, =1/(1-b) is the elasticity of substitution among produatshiei:th

Y,

f o >1 (2.2.2a)

industry. Using the definitions of the CES pricelen,
N
2% =y (2.2.2b)
j=1

expenditure irg of goodi imported fromj is

1-o
B [
Ciig = Py Dig :L}J} &Yy (2.2.2¢)

w



whereY, is aggregate income gand p,, is an aggregate price index for all products

in thei:th industry (Varian 1992, p. 112).

2.3 The coefficient of specialization

Consider now a particular country’s trade with test of the world. A measure of
international competitiveness, specialization aedaxports in the&th industry in
countryj is given by the coefficient of specialization, idefl as the ratio of domestic
production in the:th industry to domestic consumption of itté good, including
imports:

Qij Cij + Xiw = X

(it CJW 4 (2.3.1)

1 1

where X, is the exports of goodfrom countryj, X, is imports andQ; is gross

production;r equals the net export ratio plus one.

Inserting (2.2.2c) into (2.3.1), setting,, = C;,, and X;; = C,;, we obtain
Bl
ry = {p—} [(Y,/Y,) +1 (2.3.2)
Inserting the expression (2.1.4) for the relativiegointo (2.3.2) and rewriting in log
form gives
(1-0) (1-0)(1- 4)
Inr;, =InF, - (In Ay —InAy,) + A (Ingy; —Ingy,,)
H H
+ 47 S i w, ~Inw,,) (2.3.3)

[ k=1
where the first term is a country-specific constdihius the value of the specialization
coefficient for a given country in any good/indysuill be low for goods intensively

using the country’s expensive (and scarce) fagtasfactor intensityr,, and factor

price w,; are both high), where the country has a produgtdisadvantage 4;; is low)

and where firms are relatively small (reflectingr@asing returns to scale). These
mechanisms work through the relative unit costmzke. Moreover, the effect of a
given cost difference is larger the higher thetaddg of substitution among products

o, and the lower the scale elasticjty in thei:th industry.



Assumingo and u to be constant across industries, and notingath&trms in (2.3.3)

with indexw, i.e. world averages, will appear as industryaurtry fixed effects
(intercept dummies) we may write the correspondaggession equation

n M
Inr; :zyliDi +zy2ij +ysInAy +y,Ingy; +
i1

i=1
+ Ve Inwy + &, (2.3.4)
k=1

where we expecy, >0, y, >0 andy,, <O for all factorsk =1. . .m.

2.4 Sources of knowledge
2.4.1 The general framework

Superior technology or know-how available to firims certain industry in a particular
country is introduced in the model in the previsastion as a Hicks-neutral shift in the

production function, represented in (2.1.1) Ay . But what are the causes of
international differences in théy;:s? How does new knowledge develop and spread?

How is international competitiveness affected?

New, economically relevant knowledge available fora may come from learning by
doing, i.e. efficiency increases over time with esence of production, or it may
require that resources are used for R&D withinfitme. In addition, knowledge may
spread from other firms, either through salesc#rses or in the form of spillover
effects through imitation. Since technology is a-mival good, and at least to some
extent non-excludable, the innovator often canapture the full value of his invention,
and new knowledge will be available to other usdmyever, utilization of knowledge
spillovers is not costless. Studies show that aofst®pying technology may be
substantial (Cohen and Levinthal 1989, Mowery anddRberg 1989). Moreover, own

research and skilled personnel may be a necessadjtion for receiver capacity.



Technology spillovers may be local or global. Thex@y be spillovers within as well as
among industries. The absorption of global spiltewaay be positively related to the
degree of openness, measured by international aimg@eoportion of GDP (Coe and
Helpman 1995). Finally, some technical progress beagichieved only through

investment in new capital goods.

Let us write the level of technology in firmin industryi, countryj, A in (2.1.1), as a

function of the different sources of knowledge &atae. Knowledge may be acquired

by learning (; ), produced from the firm’s own R&D activitys(; ), or obtained by

various spillover mechanisms from research in diines in the domestic industry
(S;), other sectors in the home count§ ) or the world market§ )®. In addition to
these sources of disembodied technical change mhayealso be technical progress

embodied in new capital goods;( ):

A; = F(Ly»s:5,S.S .85 ) (2.4.1a)
Learning by experience from production is usudilyught of as proportional to the
learning period or to cumulated production of tinenfover time (Berndt 1991), thus
creating dynamic economies of scalélearning is spread locally to all firms in the
industry -- e.g. if all learning is embodied in tt@mpetence of workers that frequently

change jobs -- it is the aggregate industry pradoatumulated over timej; , that

matters:

t
G = 2.0 (2.4.1b)

S=t-r

® Note that the impact orly,;; of global spillovers may depend on firms’ own reskaas well as the

degree of openness of the home economy.
" In a study of the semiconductor Irwin and Klend®44) discerned significant learning effects. Firms
learn most from their own production but learnitgpaspills over between firms in the same counsry a
well as between firms in different countries.



2.4.2 R&D stock per firmor per unit of output?

Let us for the moment neglect spillovers and asstinaeknowledge generated by R&D
is a private good which is totally firm specificcaoannot be used elsewhere. Following
the standard production function approach (Grikch®95) we assume that total factor

productivity of a firm is determined by the firmésailable stock of knowledges( ),

obtained by cumulating the firm's R&D expenditungoa relevant period of time, and

deducting for obsolecence.

In this study, however, we have no access to fiata;dall data are industry totals. Thus
we have to work with averages for the "represevgatiirm or product. A commonly
used technology indicator (cf. OECD 1986, Grilich®95) is the R&D intensity, i.e.
R&D expenditure as a proportion of value added.uA here the cumulated R&D

stock of the industry relative to industry value added:

S = i (2.4.2a)
a;
This may be appropriate if we think of multi-protificns where R&D expenditure are
fixed costs pertaining to individual products, avitere output of each product is the
same. The relevant concept will then be total ibguR&D stock per unit of output in

industryi in thej:th country.

In (2.4.2a), firm size does not matter. Howeveth& knowledge stock of the firm was
equally applicable to all its products, or if wesase single-product firms, R&D
expenditure will be a fixed cost at the firm levégll firms in thei:th industry in

countryj were identical, each producing one single prodggtfor the representative

firm may be approximated by dividing the cumulasedes of aggregated R&D
expenditure, i.e. the stock of knowledge, forittie industry in thg:th country by the

number of firms:

S

N ]

= — 2.4.2b

=N, (2.4.2b)

(2.4.2b) implies that if industry R&D stock and put are the same in two countries, the

country with fewer and larger firms is expectedhéwe a competitive advantage.
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Another way of introducing economies of scale inIR&t the firm level is to add an

interaction term to (2.4.2a):

VoINS + Vas(insy Ingy;) (2.4.2¢c)
The impact on efficiency of increasing industry R&idensity will then depend on
average firm size; we expegt, > 0. We will use (2.4.2a) and (b) as alternative

variables in the empirical analysis.
2.4.3 Measuring R&D stocks

Stocks of knowledge by industry and country magdileulated from time series of
R&D expenditure. Let us assume that technical megrs purely disembodied.

Following Hall and Mairesse (1995) we use the fdanu

Sit =(1-)Sji1 + Rje-1 (2.4.3a)
where §j; is the knowledge (R&D) capital stock in industricountryj, at the beginning
of periodt, Rj,_; is expenditure on R&D, industrycountryj, timet-1 in constant
prices andsg the rate of depreciation of knowledge, i.e. tite et which knowledge

becomes obsolete. A benchmé&Bkis obtained as

Ri1
Sjl = +J5
g+0s

(2.4.3b)

whereg is the rate of growth of R&D in the pre-sampleipéyi.e. up tot =1 (assumed

constant over time).

Ouir first and simplest hypothesis is that compatiiess is determined by learning and

the stock of knowledge in the representative fimper unit of output in the industry:

Ay = F(L;,sy) (2.4.4a)
Thus in the regression equation (2.3.4) we sultstthe expression
Vsllnqij +ypins; (2.4.4b)

for the technology terny, In A;;, wheres,; is measured alternatively by (2.4.2a) or (b),
or yy,Ins,; is replaced by (2.4.2c). Additional hypothesesteséed by adding variables

to this basic equation.
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2.5 Technology spillovers
2.5.1 Knowledge as a local public good: local externalities from R&D

Let us now assume that there is no firm specificluslable knowledge at all, and that
the national stock of knowledge generated by R&Ehaindustry is shared freely by all
domestic firms, i.e. that knowledge is a local pugbod. This means that there is a

positive scale effect of the common R&D effort tie industry level. Then
Sij = Si (2.5.1a)
This requires that there is no duplication of resle@ffort, and that there is a complete

national -- but no global -- spillover of knowledg&hin an industry.

A less extreme case would be obtained by assurhatghe stock of knowledge of the
firm, and thus its level of technology, may be uigihced both by the R&D activity of the
firm itself, producing firm specific (excludable3 avell as some non-excludable
knowledge, and by the total R&D effort of the inttysn thej:th country, of which

some proportion may be treated as a local commod ¢Brossman and Helpman
1991). Thus the impact on efficiency of a giverelesf R&D effort of the individual

firm may depend on the level of common knowledgeictvin turn will be proportional
to cumulated R&D expenditure of the industry. Weyrtesst the hypothesis of
complementarity of private and public knowledgeabigling

2
D Vs GqInsy, (2.5.1b)
g=1

to the expression (2.4.4b), where @gs are slope dummy variables indicating if the

domestic R&D stock in thieth industry is large, medium or small in an intranal

comparison.

Another possibility is that the impact of firms’ R&on competitiveness may reflect
differences in the size of the domestic, econongevkinowledge base, which may be

important for the output of the R&D of the firm. Test for this we define th&, s in

(2.5.1Db) as slope dummies for R&D abundant, medinchR&D scarce countries. The
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criterion used -- total R&D stock in the manufaatgrindustry -- introduces a scale

effect on the economy level.
2.5.2 Global spillovers

There may also be international spillovers of newdedge, i.e. that firms in a country
may make use of knowledge developed by R&D in tprdirms. In the extreme case of
perfect global spillovers, competitiveness and spization would not be affected at all,
since the resulting increase in productivity wobiédthe same in all countries. However,
countries may differ in their ability to absorb bugpillovers. Following Coe and

Helpman (1995), we add a variatf¥®, , the trade ratio in countfy-- exports plus

imports of goods and services as a proportion oPGIIo equation (2.4.4b) in order to
test the hypothesis that the capacity to absoilseamgtock of international common
knowledge, and to use it to improve competitivengsseases with the degree of

opennesé.
2.6 Impact of R&D differing among industries

It is possible that the relative R&D effort of thiem is more important for
competitiveness in some sectors than in othergatticular, this might be true for firms
competing in "new" product groups -- in the prodcyatle sense -- where products and
processes are continuously changing, compared te mature industries. Since the
former industries should be more R&D intensive tttanlatter, this hypothesis may be

tested by adding

2
ZlyserRr Ins;; (2.6.1)

8 The degree of openness may affect a country’soitgpa utilize global spillovers in various wayarst,
trade is a mechanism through which technologicalledge is transmitted internationally. Internatibn
trade increases the availability of differentiategrmediate products. New technology is embodied i
imported capital goods. Second, international cditipe forces domestic producers to be informeduibo
and use the internationally best known technologstay competitive. However, in this study we cdnno
quantify the relative importance of these factdereover, the trade ratio is an imperfect measfithe
capacity to absorb new knowledge, since some téogypdlows may be unrelated to the exchange of
goods and services.
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where theR :s are slope dummy variables for high, medium amdR&D intensity

industries’ to equation (2.4.4b).
2.7 Embodied technical change

If the level of technology for a given vintage @ipital does not change over time, and if
machines of later vintages are more efficient thlder ones, the average level of
technology at a given point in time will depend naty on the knowledge frontier, i.e.
the efficiency of the most recent vintages, bub als the age composition of the capital
stock, which in turn depends on the time path ofgiinvestment. We will assume here
that such technical progress is potentially avéglatobally to all producers, since it is
embodied in internationally tradable machineryf@&#nces among producers with

respect to average level of technology will thepatal only on the rate of investment.

If the capital/output ratid, in an industry is constant across countries we wrég the
investment ratio (i.e. investment to value addegjlecting the time index) as a linear

function of the rate of growth of the capital stpd’kj , and the rate of depreciation

o

Kij *

I,

dK, +0, K, _dK; K, Ky
= _+5Kij_:‘9i(Kij +5Kij) (2.7.1)
a; a; Ki G a;

Thus a high investment ratio indicates either & hé&ge of growth of the capital stock or
a high depreciation rate and thus a short lifetleing capital. In both cases this implies
a low average age of the capital stock, i.e. a pigiportion of the most recent vintages
and thus a high average level of efficiency. To¢ tieis possibility we include the
average investment ratio in firlm, industryi, countryj , calculated as
o =Ly lw (2.7.2a)

SR fferat Qijv
This takes account of the differences in averagel lef investment ratio but not of the

time profile of investment. This may be done byadticing capital depreciation:

° An explanation for this in terms of our model wbble to allow elasticities of substitution and
economies of scale to differ among industries€gfiations 2.3.2a and b), which could be introdwa=ed
industry specific slope variables. However, we haweexplored the possibilities that the impacothier
variables than R&D may also differ among industries
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t

s, = z iy 1-9,)" (2.7.2b)

v=t-1 Mijv

3. Data and methods

According to equation (2.3.3) countries will spéizon industries intensively using
their cheap resources. Our theoretical model imibated in terms of cost shares of
factors and national factor prices. We use factimep except for natural resources --
arable and forest land -- where only quantitiesaanalable. However, some prices (e.g.
relative wage for skilled labor) are available ofdya limited number of countries. In
order to expand the sample we have estimated adaeb of equations where we
replace prices with factor endowments. It can mwshthat in a multi-sector economy
in autarky, a country’s abundant factors tend tahmap, i.e. factor prices and
endowments are negatively correlateés shown irtable 1, factor prices and factor

endowments in our sample are in fact negativelyetated.

Tablel Correlations between factor prices and factor endemnts

Surveys of empirical work (e.g. Leamer and Levims@B95 and Deardorff 1984)
conclude that supplies of natural resources aitfeltistrial localization, not only of
extractive industries but also of processing indest In addition, both human and
physical capital have been found to be importanprinciple, one should include
resources which are internationally immobiteyhere endowments and/or prices differ
among countries, and requirements (cost shards) dinong industries. In this study,
we have included interaction variables measungtgpnal prices or quantities, in
combination withindustry requirements, of

- forest land per worker/cost share of roundwood

- arable land per capita/food industry (a dummy)

19 Formally, this is derived for identical and hometih demand, perfect competition and identical
technology (Ethier 1984, p. 176).

1 By definition, arable and forest land are perfetimobile; international trade in roundwood and
electrical energy is very low relative to produatidnternational mobility of skilled labor is stifather
low, even within the European Single Market. Sificancial capital as well as machinery both arélyig
mobile across countries it may be argued that abghiould not be included in a country’s (exogesgou
given) factor endowments (cf. Wood 1994); we hémyever, kept the capital variable.
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- relative price of electrical energy or produntiuf electrical energy per workéfcost
of electrical energy per employee

- return to capital/capital cost share of valudeatl

- relative earnings of skilled labor or proportioinabor force with post-secondary
education/wage costs accruing to workers with-gesbndary education as share of

value added.

According to our model, cost shares, , will be identical across countries. For some
industry characteristics where national data aegl@ve we have calculated averages
for the countries in the sample. For others - eegdly human capital - - only Swedish
data were available. A complete description ofdhta -- definitions and sources -- is

given in the Appendix.

In (2.3.3) specialization is affected by relatiirenf size: the larger the firms, the lower

will be costs and prices. We measure representplarg size,q,,; in (2.3.4), by the

average number of employees per pfant.

To calculate knowledge capital stocks we use (2)4a8d (2.4.3b). We assume a

depreciation rate of knowledg® of 15 percent and a presample growth in R&D

expenditurey of 6 percent (cf. Hall and Mairesse 1995). We alssume that

investment in research add to the stock of prodedthowledge capital with a lag of
three years? We have calculated knowledge capital stocks fom2aufacturing
industries in 13 OECD countrieBable 2 reports average knowledge stocks as a share
of value added (knowledge intensity) on industieleand classify industries into high,
medium and low technology industri@@ble 3 shows total knowledge capital in

manufactures in each country both in absolute temasas a share of value added.

12 A country’s production of electrical energy maytbeated as a "natural” resource to the extenttiimt
based on hydroelectric power. However, energy-sitenproduction, while historically based on cost
advantages of abundant and cheap hydroelectricitgpaay over time acquire a technological
advantage that creates the base for future cornweeiitss. This may lead to investment in “non-ndtura
energy production capacity such as nuclear powass The causal interpretation of a correlation ketw
energy production and the size of the energy-imteriadustry sector may be ambiguous.

13 Measuring size with output per plant or employeesplant is a matter of definition. The equations
have been re-estimated with the former definitgiwing basically the same results.

14 According to a study by the U.S. Bureau of LabitiStics (1989) the mean lag for basic research
appears to be five years and two years for appésearch.
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Table 3 also divides the countries into groups with largedium and small knowledge

capital stock.

Table2  Knowledge capital stock in percent of value adoéhdustry in 13 OECD
countries 1990.

Table3  Knowledge capital stock in manufacturing in 13 @EEuntries 1990.

It appears fronmable 2 that there are significant variations in techngltyels among
manufacturing industries. The average knowledgensity is only about 2 percent of
value added in Wood & furniture, whereas it is mitwan 100 percent in Aircraft.
Though small countries, such as Sweden and Norweasg the highest knowledge
intensity in certain industries, it is evident fraable 3 that the bulk, in absolute terms,
of OECD’s knowledge stock in manufacturing -- altn®8 percent -- is concentrated to
the US, Japan and Germany. The US also tops thengaim relative terms, i.e. in

percent of value added in manufactures.

4. Results

The econometric results table 4 support the general hypothesis that firms’ R&D
efforts, by creating technology gaps, improve tleeimpetitive position. As shown in
columns (i) and (v), average R&D stock per plargasitive and significant, even if
complications such as scale economies or exteggiit R&D, as well as differences in
the importance of technology among industries nagdected. Substituting the variable
R&D stock per unit of output for R&D stock per ptaoolumns (iii) and (vii)) does not
change this conclusiofT, though the R&D effect appears to be slightly igsificant.
Our results thus are in line with numerous studigbie impact of R&D on productivity
and growth (for a survey see Griliches 1995) as ageWith earlier studies of R&D and

competitiveness (Fagerberg 1997, Amable and Veesp&§95).

15 This indicates that the measurement problemstivéitvariable number of plants (cf. below), and thus
the potential errors in measuring R&D stock penplanay not be important enough to affect the main
conclusions.
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Table4  Determinants of international specialization inlB@nufacturing industries
and 12 OECD countries

However, R&D is not the only factor influencing cpetitiveness. First, factor prices
affect specialization, thus confirming the predios from our model. Columns (i) to
(i) in table 4 show that countries where energy and capital lsea tend to specialize
on industries using these factors intensively.dkited labor the coefficient has the

right sign but is not significant®

In columns (V) to (vii) we have replaced nationates of skilled labor and electrical
energy with the corresponding endowment quantftiesection 3 and Appendix),
thereby extending the sample. The expected sigimedfactor requirements/endowments
interaction variables is positive. The coefficiefisarable and forest land as well as for
energy and capitHlare strongly significahf, whereas the coefficient for skilled labor
becomes weakly significant, all with the "rightgsi. Our results are thus broadly in line
with the findings in most of the empirical literaguexplaining international
specialization based on the Heckscher-Ohlin pamadigr surveys see Deardorff 1984
and Leamer and Levinsohn 1995), namely that casmtend to specialize on industries

intensively using their cheap and/or abundant faadd production.

The conclusion that factor prices/endowments shbalthcluded in a comprehensive
model of international specialization is stressgdhie results in columns (iv) and (viii),
where these variables have been left out. Theicaait for the R&D variable increases,
and the explanatory value of the regression fall$®to 15 percentage points. Thus the
importance of R&D might be overstated if factorges/endowments are not included in

the analysis.

16 One possible explanation is that the measureitédkabor -- proportion of workers with post-
secondary technical/scientific education -- is fresly correlated with the R&D-variables (corretats

0.6 to 0.7). Moreover, the country variation in lamctapital endowments is rather limited in the damp
since OECD countries with the lowest educatioreidards are generally excluded because of missing
data.

" Note that the capital variable is still calculatesing capital price, as in (i)-(iv), so the exmett
coefficient is negative.

18 The difference between column (v) where arabld larstrongly significant and column (i) wheresit i
not is that in the latter Australia and Denmark tabtle excluded because of missing data. The Jasab
measuring arable and forest land as well as caqoriégalhe same in all regressions in table 4.
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Second, fixed country and industry effects arengjiypsignificant. Thus
competitiveness depends in addition on a numbeowiitry and/or industry
characteristics not captured by our variables. €ngce of such fixed effects are the
existence of trade surpluses/deficits in manufaoguin some countries, as well as
surpluses/deficits of the country group as a wiokome products. Moreover,
according to our theoretical model in section 2di>xcountry and industry effects should

influence the result (cf. 2.3.3).

Third, there is evidence for the existence of {sta&conomies of scale on the plant level
in production, as well as of dynamic scale efféotsthe industry level) from learning.
However, since these variables -- firm size anduated production -- are likely to be
less reliable measures of the corresponding tHearebncepts than other ddfapne
should not overstress these findings. We havetisra®d all equations without these
two variables; this increases the significancenefdther variables in general, and of

R&D in particular, but does not upset the conclosio

Tests indicate that heteroskedasticity is likelfp¢opresent in most of the equations;
thus we report statistics estimated both by OLS and by White®twskedasticity
consistent method. Thesgalues differ somewhat, but the main conclusi@msain.

Nor are the results strongly dependent on a limitethber of observations with extreme
values of the variables. In most cases, robusessgwns in columns (ii) and (vi), where
such observations are given lower weight, do nahge the coefficients nor thealues
very much. The estimated R&D coefficients for th&IRimpact remain virtually
unchanged. This holds also for the resultbhe 5, where the robust regression results

are not shown.

Table5  Testing additional R&D hypotheses. Estimates efghrtial effect of
specialization of additional technology variables.

Having estimated the "basic” equationdable 4, we examine a number of additional

hypotheses discussed in section 2 by adding nelables. Intable 5 we report only the

19 National data on number of plants do not use éingesdefinitions. While e.g. Canada surveys allglan
Sweden includes only plants with more than five lyges and Germany plants belonging to firms with
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coefficients for those variables that have badded to the basic equations (v) and (vii)
in table 4 in order to test additional hypothe$8Since the relevant variables are
strongly correlated we do not include them all tbgein the same regressitnAll

other variables, i.e. country and industry dummifi@stor endowments and measures of
scale and learning effects, are included as innepgu(v) and (vii) intable 4 but not
reported; the results for these variables do régrdinuch from those reported fable

4,

The first row tests for the existence of economiescale in R&D on the firm/plant
level (as distinct from general effects of firmpant size) by including an interaction
variable combining the effect of industry R&D inggty (R&D stock relative to value
added) with average plant size (expression 2.412w).coefficient for this variable is
positive and significarf thus supporting the hypothesis that the impaet gifzen
R&D stock per unit of output may be higher for ctries with large firms. Our

interpretation is that this highlights the roleR&D as a fixed cost at the firm level.

Mansfield et al. (1977), Scherer (1982) and otherse shown that social returns on
R&D strongly exceeded private returns, which implieat spillovers may be important
for productivity growth. Such spillovers may bedbor global. The second row iable

5 supports the idea of domestic within-industrylspiérs. The impact of firms’ own
research on competitiveness seems to increaseaheitsize of the total domestic

knowledge stock in the industfyThis holds whers,; is defined as R&D stock relative

to value added, but not for R&D per plant.

more than 20 workers. This introduces measuremenitsein the variables plant size (workers per plan
and R&D stock per representative firm (industry R&dck divided by the number of firms).

%0 Since the choice between factor prices or factantjties does not seem to matter much for thecbasi
results, we have used the latter version, in oiml@rcrease the sample size (cf. above).

2L We do not test simultaneously for industry andntouslope dummies, interaction effects, etc. neot
words we do not test for, e.g. the presence ofealities, taking account oéconomies of scale and
varying R&D impact. Since we do not discriminatévieen alternative "models" as expressed in
regression equations containing different R&D Malga, we present no single "preferred equation”.

22 Note that the variables R&D stock per firm andnfisize remain in the equation.

2 Assuming spillovers to follow input flows, Fagerg€1997) found national spillovers to be more
important than global.
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The absolute importance of global spillovers carmestimated in this pap&r.
However, the results in rows 2 and 3aljle 5 indicate that - - given the amount of
globally available common knowledge - - a countgépacity to absorb such
knowledge and to use it to improve its competite@nmay increase with the degree of

openness, thus confirming the results of Coe arigrin (1995).

Local spillovers may be economy-wide rather thatihiwiindustry. Row 3 irable 5
shows the results of a regression where the R&pPesttummy is based on the size of
the total national R&D stock in manufacturing, extkthan the stock in each industry.
The results are basically the same: the impactgifen R&D stock per plant, as well as
of a given R&D intensity in the industry, seem®®larger in countries with a large
common stock of locally available knowledge. Tlsisn line with the findings of
Bernstein and Nadiri (1989) that local spilloveieets on productivity may extend over
industry boundaries. In fact, data give a sligsthpnger support for the the economy-
wide rather than the intra-industry effects. Howetee results also indicate that this

implicit handicap for small countries may be miteg by openness.

Row 4 intable 5 indicates that the impact of technology on contpetiess differs
among high-tech, medium and low-tech industfféEhe coefficient for R&D stock per
firm is positive and significant for high and mewliuechnology industries, but very low
and insignificant for the low-technology sector,es competitiveness more may be a
matter of factors such as wage costs. Still, tlegfor which "technology matters"

covers more than the "traditional high-tech" group.

The last two rows dfable 5 support the hypothesis that technical progredseanting
competitiveness may be both disembodied and emtbanlieew capital goods. The first
component depends (disregarding spillovers) onlgwerage R&D stock per plant or
per unit of output. If the "frontier” technologyésnbodied in new machinery which is
internationally freely traded, the average efficienf a producer’s capital stock relative
to competitors depends only on the investment ratthe previous period (and possibly

also on the time path of investment during thatqo@r Table 5 shows both components

24 Since commonly shared spillovers do not affect petitiveness.
% The classification is based on average R&D stagbeir cent of value added as showtabie 2.
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of technical progress -- disembodied and embodiéal have positive and significant

effects on competitiveness.

5. Limitations of the analysis

In our model, R&D activity is exogenously given.uBwe neglect a basic issue in
modern growth theory, namely intentional (endogesgmmnovation in response to
profit opportunities (Grossman and Helpman 1991is therefore important to be
careful when making causal interpretations of tsailts. A related econometric point is
the issue of simultaneity bias, i.e. if competitieas also affects R&D. Unfortunately,
good instruments are lacking. However, since coitiperess in 1990 in the model
depends on cumulated R&D expenditure during a presviL5 year period, simultaneity

should not present a serious problem.

Moreover, factor endowments are also assumed giviea. In a more realistic model,
endowments of e.g. capital -- both human and physiare the results of investment
decisions determined by expected rates of retunceShese accumulation processes
may be interrelated (if e.g. some factors are glgocomplementary), caution in causal

interpretation is again required.

In section 2 we attempt to model the impact of whdasically process innovations via
costs on competitiveness. The model does not ettpliccat product innovations.
Nevertheless, it seems obvious that new and imprpveducts, by shifting consumer
demand among firms, increases competitivenesshamdfore should be captured by the

R&D variables in the empirical analysis.

Our analysis of e.g. economies of scale in R&Dnsted by the lack of firm data on
R&D and sales; we can only work with industry ages Moreover, we do not
explicitly take account of differences among indiastin elasticities of substitution
among products or the extent of economies of sEatally we avoid the complications
involved in modelling the dynamic interactions beém R&D activity, operating
technology and market shares that becomes necessapooled time series cross-

section analysis using annual data.
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6. Conclusions: a choice among paradigms?

The results in this paper show that technologyahsignificant effect on international
competitiveness. But so have factor prices andwnumts. Our conclusion is thus that
in order to explain countries’ comparative advaasgnd patterns of international
specialization it is necessary to combine elemiats both competing paradigms -- the
factor endowments or Heckscher-Ohlin and the teldyyoor Ricardian -- rather than to

substitute one for the other.

Firms’ R&D activity is important for internationabmpetitiveness. However, the
process of acquiring a technological advantage se¢erbe rather complicated, and
involve other factors than the firm’s own R&D inggty. Our results indicate that R&D
may be treated as a fixed cost, and thus that Hrereconomies of scale in research on
the firm (plant) level. In addition there seem®béoscale effects on the domestic
industry as well as on the national level, whioh eaused by local
externalities/spillovers. This means that size eraton all levels. To some extent, this
size handicap for small countries might be mitigdig openness to trade. It appears
that R&D as a factor shaping competitiveness iyreaucial mainly for high and
medium technology sectors. Finally, technologicalgpess seems to be both embodied
and disembodied, which means that acquiring teehieadership requires not only

intensive research activity but also a high ratmeéstment.
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Appendix Variables: definitions, measurement and sarces

Coefficient of specialization:
- & ~ Qj
TG QX — X
Q; production (gross output), indusirycountryj, average 1989-91.

ijw

C; consumption, industry countryj, average 1989-91.
Xiw import, industryi, from the whole worldv to countryj, average 1989-91.
Xiw €xport, industry, from country to the whole worldv, average 1989-91.

Source: OECD (1994b).

Knowledge capital stock:%®
Sjt =(1-95)Sji1 * Ry
S; knowledge capital (R&D) stock, industirycountryj, 1990, US dollar 1985 PPP,
1985 prices.
Rj. expenditure on R&D, industiy countryj, 1973-87, US dollar 1985 PPP, 1985

prices. R&D expenditurdg;, are deflated by the manufacturing sector value

added deflator. Source: OECD (1996a) and OECD41p9
& depreciation rate of knowledge.

Firm specific knowledge stock: s =S; / N; or s, =S /g

N;; number of establishments, industrgountryj, 1990. Source: OECD (1995b).

a; value added, industiiy countryj, 1990, US dollar 1985 PPP, 1985 prices.
Source: OECD (1994b).

Embodied technology: #
1 t | .. t t=v | ..
=7 Y orsg = (1-g¢)

Ty=t-r ijv v=t-1 ijv

d; rate of depreciation of physical capital, industf$ource: Hansson (1991).
I gross fixed capital formation, current prices ustlyi, countryj, 1976-90.
Source: OECD (1994b)
qi*jv value added, current prices, industrgountryj, 1976-90. Source: OECD (1994b)
T 15 years

ijv

Plant size: gy; = L / Nj;

L; number of employees, indusfrycountryj, 1990. Source: OECD (1994b).

%% Three observations were deleted because calcuik&Edexpenditure as a share of value added were
extremely high (close to or larger than one), ngmeistralia (ISIC 3832), Denmark (ISIC 39), and the
Netherlands (ISIC 383832).

%" The extreme value of refineries (ISIC 353+354Norway has been excluded.
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t
Cumulated production: @; = Zqijs

s=t-1
Oijs Vvalue added, industiy countryj, 1970-89, US dollar 1985 PPP, 1985 prices.
Source: OECD (1994b).

Physical capital: ay; Inwy;

ay; Sshare of operating surplus in value added , ingusaverage for all countrigsn
the period 1980-90. Source: OECD (1994b).

return to physical capital calculated as averggeating surplus in manufacturing

1980-90 relative to the manufacturing capital ktb@85.
1990

2 (i ~W) /11
= t=1980
¥ Kj85
Y, Vvalue added in manufacturing, courjtr§985 prices. Source: OECD (1994b).
W, labor compensation in manufacturing, countr}985 prices.

Source: OECD (1994b).
K gs capital stock in manufacturing, counjry1985 prices. Source: OECD (1993).

illed labor: ay; Inwy; anday; Inh;
12

= > (a (WS 1 W) /12

=1
ay; share of skilled labor compensation in value addadustryi, average for 12
countries in the period 1980-90.
a,; share of wages in value added, industgountryj, average 1980-90. Source:
OECD (1994b).
W?® compensation to employees with post-secondaryagitug industryi, Sweden,

1990. Source: SCB Regional Labor Statistics.
W total labor compensation, industnydweden, 1990. Source: SCB Regional Labor
Statistics.
relative wage of skilled labor: ratio of mean aahearnings by educational

gualifications (level B/ level E), countfymiddle of the 1980s. Source: OECD
(1996b)
h.  number of graduates in science and engineering@&000 of population aged

25-35, country, 1991. Source: OECD (1994a).

Energy: ag Inwg and ag; Ine;
ag cost of electrical energy SEK per employee, ingustSweden, 1989. Source:

SOS Manufacturing 1989.
relative price of electrical energy, coungryrice of electrical energy for

industrial users. Source: National Utility Sergckabor costs per hour in
manufacturing. Source: Swedish Employers Federd8a\F).
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e; production of electrical energy kWh per workeruetyj, 1990. Source: SCB
(1993) and OECD (1995a).

Forest land: a; Int;
ay  input of roundwood SEK per 10 000 SEK output, indus Sweden, 1985.

Source: SCB (1992).
t.  hectare forest land per worker, countr$990. Source: SCB (1993) and OECD

J
(1995a).

Arableland: a, Ina;

a, dummy variable for industry 31 (food)
a. hectare arable land per worker, countrd©990. Source: SCB (1993) and OECD

J
(1995a).

Openness:
X+ M

OP, =( j (average 1980-89)
i

X. export of goods and services from country
import of goods and services to courjtry

GDP in country
Source: OECD (1995c)

< =z

Factor prices, country coverage:

Data were available for return to capital for @ldountries in table 3, for relative
earnings of skilled labor for all except Finlandddor energy prices for all except
Australia, Denmark and Japan.
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Table 1 Correlations between factor prices and factor emdemts



Factor of Correlation
production
Physical -0.63
capital (0.02)
Human -0.54
capital (0.10)
Electrical -0.64
energy (0.03)
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Parentheses () give the significance level ofadation

Table 2 Knowledge capital stock in percent of value addedndustry level in 13
OECD countries 1990

ISIC Industry Technology| Mean |Coefficient
level of variation
31 Food Low 5.49 0.54
32 Textiles and clothing Low 3.89 0.59
33 Wood and furniture Low 1.97 0.71
34 Paper and printing Low 3.03 0.88
351+3523522 |Chemicals Medium 36.20 0.46
3522 Pharmaceutical High 85.22 0.44
353+354 Refineries Medium 22.49 1.05
355+356 Plastic and rubber Medium 12.39 0.5%
36 Stone, clay and glass Low 8.89 0.62
371 Ferrous metals Medium 13.09 0.61
372 Non-ferrous metals Medium 16.22 0.75
381 Metal products Low 6.68 0.58
382-3825 Other machinery Medium 20.85 0.50
3825 Computers High 81.88 0.69
383-3832 Electrical machinery High 44.78 0.83
3832 Electronics High 97.94 0.47
3841 Shipyards Medium 12.85 0.75
3843 Motor vehicles High 39.97 0.71
3845 Aircraft High 117.42 0.74
3842+3844+3849 Other transport Medium 28.04 1.1y
385 Instruments High 48.99 1.11
39 Other manufacturing Low 7.24 0.56
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Table3  Knowledge capital stock in manufactures in 13 OEf@Dntries 1990
Country Knowledge capital stock
Value Share of value adde

(Billion USD PPP 1985 prices) (Percent)
Australia 3.47 Small 9.17
Canada 10.47 Medium 15.04
Denmark 1.97 Small 17.67
Finland 2.39 Small 16.24
France 48.78 Large/Medium 28.34
Germany 85.11 Large 28.85
Italy 19.98 Medium 10.17
Japan 126.73 Large 22.60
The Netherlands 10.35 Medium 29.76
Norway 1.77 Small 25.27
Sweden 9.65 Medium 39.59
United Kingdom 50.38 Large 30.01
United States 420.79 Large 47.00

! France is not included in the regression analysis
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Table4 Determinants of international specialization inrf@@nufacturing industries and 7 or 12
OECD countries 1989-91
Factor prices 7 countries* Factor endowmentsdihtries**
Variable @) (ii) (iii) (iv) (v) (vi) (vii) (viii)
OLS Robust OLS OLS OLS Robust OLS OLS
Ins) 0.03 0.03 - 0.05 0.04 0.04 0.06
R&D/plant (1.75) (1.60) (1.99) (2.45) (2.25) (2.88)
[2.29 [2.23 [2.46] [3.04]
Ins!, - - 0.03 - - - 0.04 -
R&D/output (1.59) (2.31)
[2.11] [2.38]
In G 0.21 0.21 0.22 0.21 0.21 0.20 0.22 0.24
Learning (6.06) (6.04) (6.54) (5.45) (7.72) (7.92) (8.24) (7.93)
[5.99 [6.39] [4.60] [7.05] [7.66] [6.72]
In g 0.11 0.09 0.13 0.12 0.12 0.12 0.16 0.13
Plant size (2.52) (2.14) (3.58) (2.31) (3.25) (3.32) (4.75) (3.07)
[3.34 [4.60] [2.91] [2.73] [4.02] [2.78]
i INWygj -12.13 -13.01 -12.17 - -6.32 -4.96 -6.49 -
Capital (-3.38) £3.60) ¢3.38) (-2.85) £2.36) £2.92)
[-4.30 [-4.49 [-2.70] [-2.79]
@y INwyy -1.97 -1.89 -2.05 - 0.86 0.47 0.85 -
ay; Inh; (-1.29) £1.23) €1.34) (1.73) (1.00) (1.70)
Skilled labort [-1.41 [-1.49 [1.64] [1.60]
ag Inwg -1.5%10° |[-1.65x10° | -1.63x107 - 9.82%10°® 8.91x10°° 9.8%10°° -
ag Ing; (-4.68) 4.83) €4.77) (5.65) (5.43) (5.67)
Energyt [-5.59 [-5.67 [6.31] [6.41]
ar Int; 3.9%10° [ 3.7510°| 3.91x10°° - 2.8310°® 2.9%10°° 2.8410°° -
Forest land (3.99) (3.80) (3.97) (2.98) 8.3 (2.99)
[6.44 [6.33 [3.56] [3.56]
ap Ina; 0.05 0.01 0.05 - 0.09 0.07 0.09 -
Arable land (0.75) (0.23) (0.73) (1.74) @s (.77)
[0.99 [0.95 [3.30] [3.43]
Constant -6.27 -6.14 -6.14 -6.70 -7.43 -6.54 -7.16 -6.97
F 16.39 9.08 16.60 6.81 16.20 16.59 16.01 9.86
Country effects 10.00/ 10.00/ 10.00/ /0.00] 0.00/ 10.00/ 10.00/ 10.00/
F 13.19 6.64 13.32 11.16 13.63 9.38 13.66  11.89
Industry effects 10.00/ 10.00/ 10.00/ 10.00/ 10.00/ 10.00/ 10.00/ 10.00/
R 0.74 0.74 0.59 0.66 0.66 0.56
F 12.52 12.19 12.44 7.92 12.76 12.62 12.71 829.
Observations 144 144 144 144 247 247 247 47 2

Parentheses () give OltStatistics, square brackéts White's (1980) heteroskedasticity-consistestatistics and slashes / / the
significance level of the F-test.
* The 7 countries are Canada, Germany, the NetheslaNorway, Sweden, the United Kingdom and theddh&tates.

** The 12 countries are Australia, Canada, DenmBikland, Germany, Italy, Japan, the Netherlandswdy, Sweden, the

United Kingdom and the United States.

T In specification (i)-(iv) we use national pricée, ay; Inwyy; and ag Inwg , and in (v) - (vii) national endowments,

i.e.ay;Inh; and ag Iney, for skilled labor and energy.
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Table5 Testing additional R&D hypotheses. Estimates efghrtial effect on specialization of
additional technology variables
Row Hypothesis/variable Sn’\ilj R? Sﬂij R?
1 Scale economies in R&D - - 0.036 0.669
Ins; Ingy; (3.02)
[2.75]
2 Domestic R&D spillovers
within industries
Insy; (§; large) 0.046 0.656 0.087 0.662
(2.46) (3.32)
[2.50] [3.70]
Insy; (S; medium) 0.042 0.052
(2.16) (2.45)
[2.17] [2.70]
Insy; (§; small) 0.045 0.037
(2.16) (1.96)
[2.19] [1.98]
International R&D spillovers
InOP; 0.009 0.008
(5.08) (4.61)
[5.62] [4.87]
3 Domestic R&D spillovers
Insy; (S; large) 0.065 0.659 0.093 0.666
(3.02) (3.63)
[3.27] [4.26]
Insy; (S; medium) 0.037 0.032
(1.84) (1.41)
[1.93] [1.62]
Insy; (S; small) 0.039 0.021
(1.68) (0.86)
[1.49] [0.74]
International R&D spillovers
InOP; 0.011 0.006
(4.10) (3.32)
[5.36] [3.32]
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Table5 (continued)

Row Hypothesis/variable Shr\ilj R? Sgij R?
4 Industry specific R&D impact
Ing;; high 0.059 0.662 0.047 0.652
(2.64) (1.79)
[2.54] [1.67]
Ing;; medium 0.049 0.044
(2.14) (1.54)
[2.14] [1.54]
Ingy; low -0.012 0.031
(-0.40) (0.89)
[-0.45] [1.16]
5a Embodied and disembodied
knowledge
|”S?ij (2.7.2) 0.171 0.674 0.162 0.672
(3.58) (3.36)
[4.17] [3.90]
Insy; 0.037 0.031
(2.01) (1.64)
[2.23] [1.90]
5b |”S?ij (2.7.2b) 0.155 0.671 0.146 0.669
(3.34) (3.11)
[3.78] [3.50]
In sp;; 0.039 0.033
(2.12) (1.78)
[2.39] [2.09]

Parentheses () give OltStatistics and square brackpiswhite’s (1980) heteroskedasticity-consistestatistics. The number of
observations is 247 except in row 5a and 5b whese233.



