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Multinational Enterprises and the Internalization of R&D:

Are there Intra-Firm R&D Networks?”

Frederico Rocha’
Ana Urraca Ruiz™

Abstract: Using patent data, this paper attempts to add empirical evidence to the
study of the R&D internationalization, understanding and to understand the types
of knowledge developed abroad by MNE, associating them to firm main charac-
teristics. The gathering of the results seems to put in doubt the existence of an
intra-firm network strictu sensu. Foreign technological efforts seem to be asso-
ciated with three very important features: internationalization of productive acti-
vity, technological diversification and duplication of competencies (that is, non-
specialization). It seems therefore that the internationalization of R&D activities
is a consequence of the globalization of production and the need to adapt produc-
tion to clients in a scenario where home markets lose their relative importance.

Keywords: internationalization of R&D, organization of R&D, intra-firm RGD
networks, technical change.

Resumo: Utilizando dados de patente, este trabalho procura adicionar evidén-
cia empirica ao estudo do processo de internacionalizacdo da P&D mediante a
compreensao dos tipos de conhecimento desenvolvidos fora do pais de origem
das multinacionais, associando-os as caracteristicas principais da firma. Os re-
sultados gerais parecem colocar davida sobre a existéncia de redes intra-firma.
Esforcos tecnoldgicos parecem estar associados a trés importantes caracteris-
ticas: internacionalizacao da atividade produtiva, diversificagao tecnologica e
duplicacao de competéncias (isto é, nado-especializagdo). Isto parece indicar,
portanto, que a internacionalizacdo das atividades de P&D é conseqiiéncia da
globalizagdo da producéo e da necessidade de adaptar produgéo aos clientes
em um cendrio em que mercados domésticos perdem importancia relativa.

Palavras-chave: organizacao da P&D, internacionalizacao da P&D, redes de
P&D intra-firma, progresso técnico.
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Infroduction

This paper aims at adding empirical evidence to the study of the
R&D internationalization, understanding and to understand the types of
knowledge developed abroad by multinational enterprises (MNE), asso-
ciating them to firm characteristics.

Recent empirical evidence has shown an increase in the perfor-
mance of R&D activities outside MNE’s home country MNE. This trend
has been followed by different explanations about its causes. Some au-
thors argue that the increase in the use of foreign R&D is followed by an
exploration of host country’s competencies and the formation of intra-
firm networks (ZANDER, 1997, 1998; CANTWELL and JANNE, 1999).
Other authors have argued that the increase in foreign R&D does not
necessarily represent a new mode of organization of MNE's technolo-
gical efforts, that is, the old center-periphery model still holds in most
explorations undertaken by MNE and adaptive R&D should be the rule
(PATEL and VEGA, 1999; COOMBS, 1996).

This paper engages in this debate by mapping competencies in three
levels. First, the paper identifies the competencies developed by firms
and classifies technical fields as core and marginal to firms’ competen-
cies. Second, the paper compares firms’ competencies with the technical
fields developed abroad. If they are coincident, competencies abroad
are classified as duplicative; if they are divergent, competencies are clas-
sified as specialized. The third step is to compare specialization abroad
with host country’s technological specialization. The paper contends that
in the examination of firms’ competencies very little evidence can be ga-
thered to confirm a change from a center-periphery to a network-based
model.

The paper is divided into five sections, including this introduction.
Section 1 is dedicated to a survey of the literature on the subject. Section
2 presents the database used in the paper and addresses methodological
issues. Section 3 presents the main results of the paper. Section 4 draws
conclusions on the work presented.

1 Andlytical and empirical antecedents

The study of the process of the R&D internationalization activities
by multinational enterprises may be divided into two main approaches.
The first approach attempts to explain the reasons why MNE have deci-
ded to develop part of their technological activities abroad. Most em-
pirical and theoretical studies work on arguments originated from the
eclectic theory that justify the phenomenon combined with some macro-
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economic elements related to the characteristics of the home and host
countries of the MNE. According to this interpretation, MNE internatio-
nalize their R&D in response to three sets of factors. First, they may be
exploiting technological advantages or property advantages acquired in
their home country. Second, host country may offer technological advan-
tages that may be enjoyed by MNE. Third, there are advantages from the
internalization of these activities over subcontracting or cooperation
(DUNNING, 1994).

Reasons in favor of the identification of technological advantage
associated with host country characteristics vary across different techno-
logical trajectories and may be divided into two main sets. Whenever
the performance of R&D abroad is related to technology supply, rela-
ted factors such as the technological excellence of host country’s R&D
labs, qualification of scientists and engineers, access to financing of RGD,
advantages of host country are associated with technology push factors
(WORTMANN, 1990). If the advantages of executing R&D abroad are
associated with the specification of demanding characteristics that help
the establishment of technological imperatives, host country advantages
are related to demand pull factors (see the case of LCD products in GERY-
BADSE and REGER, 1999).

The explanation of the advantages of the RGD internationalization
acquired in their home countries emerges from Penrosian approaches to
the theory of the firm. They may be associated either with the exploitation
of firm specific competencies created by home country R&D in foreign
markets (home base exploiting) or with the pursuing of additional know-
ledge in foreign countries in order to strengthen their technological base
and secure long period survival. Therefore, two types of R&GD efforts
abroad may be sought. On the one hand, MNE may be exploiting tech-
nical base developed in their home country with adaptation efforts,
usually duplicating competencies (ZANDER, 1998). On the other hand,
they may be searching for complementary assets in order to identify possi-
ble further growth trajectories, extending product lines in cases where
they are called specialized or diversified. Therefore, duplicative R&D is
more likely to have adaptive character while the specialization in certain
competencies should be associated with the search for more generic
(basic) knowledge.

The second line of the work deals with organizational aspects of the
R&D internationalization. This literature aims at identifying different
organizational modes, according to certain criteria related to the techno-
logical competencies of MNE, the characteristics of the host country and
the characteristics that technical progress may present in the main sector
of the firm'’s activities. Efforts are therefore focused on relating different
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modes of organization of R&D to the type-of knowledge base developed
by the firm. The adopted organization mode would therefore depend on
the firm'’s technological competencies, the characteristics of the product
lines developed by the firm, and the type of R&GD.! - - :

The traditional model stressed that the organization of RBD efforts
should not be different from the organization of any other function exe-
cuted by the MNE. The main proposition would then be that the domi-
nant mode of organization would follow a center-periphery organization
whereas the decision center would be located in the home country that
would radiate instructions and coordinate activities taking place in bust-
ness units abroad. Furthermore, the decision center would be in charge
of selecting lines of investigation relevant to the firm’s core-business
and would usually be the unit that would carry out basic R&D and would
transfer generic knowledge to periphery R&D units. Periphery R&GD units
in this model would be restricted to the performance of adaptive and
applied R&D and the development of products. Results from the deci-
sion center may be transferred to the other R&D centers, however R&D
undertaken in the periphery should be totally or mostly directed to mar-
ketplaces where they are located. Knowledge flows should therefore be
unidirectional from the parent to affiliates and technological efforts deve-
loped abroad should mainly duplicate competencies.

Nonetheless there seems to be enough evidence to speculate about
the revision of this model. According to Gerybadze and Reger (1999),
a new technological scenario has emerged redirecting the old center-
periphery model into more decentralized modes of organization. They
argue that there has been an increase in the international supply of R&D
competencies, due to the building of new centers of excellence outside
the USA, producing relevant knowledge. Thus, advantages of operating
in markets that follow different rhythm and direction (technology tra-
jectory) when compared to home country’'s markets have increased. This
has been stimulated also by the need to know rivals’ strategies and by
the reduction in the costs of knowledge transference due to new develop-
ments in the frontiers of information and telecommunication technolo-
gies. Furthermore, they may internationally impose standards in those
markets that sometimes lack regulation. On the other hand, they claim
that there have been some changes in the operation of R&D activities
that make the closeness to productive units more attractive. Firms have
been driven towards more applied R&D efforts due to the need of increa-
sing interaction across productive, innovative and marketing activities
carried out by the firm and the obstacles to finance basic R&GD projects.

! The type of R&ED may be influenced by: (i) the share of development, applied or basic R&D, and
(ii) the intensity with which the firm pursues foreign produced knowledge.
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These elements have led scholars to attempt to identify different
modes of organization of decentralized R&D. Some authors relate the
idea of decentralization to networks; though most times the relation is
not always clear (ZANDER, 1998). In their view, networks are related to a
set of characteristics, such as the multiplicity of units executing R&D with
some degree of independence of the parent firm, R&D should be increa-
singly directed to applied knowledge and the results from R&D activities
may be directed to local users (local for local) but are mostly shared by
the whole corporation (local for global). This latter characteristic demands
a management system able to capture innovations produced by affilia-
tes and to overcome communication, cultural and geographical obstacles
(ZANDER, 1998).

The presence of greater mdependence levels of the parent does not
necessarily imply the total loss of previous hierarchical structure, but it
does imply the redefinition of functions across subsidiaries and parent
labs are also required. The decision center may maintain the coordina-
tion of innovative activity performed by foreign units and may still be
responsible for the flow of information across affiliates’ boundaries at
low costs. The type of competence developed outside the home country
may vary according to the leadership of the MNE in its sector of activity,
the level of technological opportunity in the sector of activity, the leader-
ship of the host country in the technology being exploited abroad.

The decentralized organization of R&GD is not exempt from criticism.
Some critics emphasize the limits to intra-firm knowledge transference
(COOMBS, 1996; CAVES, 1996). They argue that knowledge is not al-
ways transferable. The easiness of transference will depend on the level
of codification.? There should be a tendency for most departments to
be closely in touch with the decision centers in the home country due
to costs to transfer knowledge and to the need to have information from
different stages of the productive process.? This may explain the great
level of centrality of R&D expenditures until nowadays.* Furthermore,
the performance of RGD abroad may be associated with the need of bu-
siness units to absorb externally produced knowledge, that is, they should
be able to understand problems posed by other R&D labs and to apply
the solutions proposed. Knowledge may also be specific to the problems
of the unit where it is developed: Therefore, even in the cases where there

2 That s, it should be negativeiy related to the tacit character of knowledge.

" 3 Forinstance, information flows from marketmg departmems and the requirements to solve ope-
rational problems in each business unit.

4 Actually, Mowery (1983) and Teece (1988) have already put forward this type of discussion when
analyzing the prevalence of internal over contractual R&D.
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is-absorptive capacity-and-knowledge transferability, there should be
common use of the knowledge, that is, the transference of knowledge
across units requires the possession of complementary assets. They also
argue-that the closer the knowledge produced is to application, the
greater the level of specificity of the search process, and therefore the
harder it should be to transfer. Thus, there should be a trade-off in the
organizational model, since the phenomena that have caused the shift
towards independent decision centers have created further obstacles for
the transference of the knowledge produced as well. Finally, even when
there are complementary assets some failures in the information trans-
mission channels may cause problems in the management of networks.

These arguments show that if, on the one hand, the transformations
in technology lead to greater decentralization of R&D that may assume
network modes of organization, on the other hand, they may end up in
a model of total decentralization, with no coordination across business
or R&D units.

1.1 On the Concept of Networks and Other Modes of Organization

According to the above arguments, the new organizational modes
of R&GD may be characterized by three main features: (i) the internationa-
lization level of technological activity; (ii) the degree to which knowledge
developed elsewhere may be transferred and absorbed, which depends
on the degree of complementarity and dissimilarity of the technological
activities taking place in different units; (iii) the level of specialization of
R&D activities. Each of these features should be detailed in order to have
a precise idea of their meaning and their role in the establishment of dis-
tinguished organizational modes.

The internationalization level of technological activity

The international decentralization of R&D should first be characte-
rized by high levels of geographical dispersion of technological activity.
It is here hypothesized that large corporations that execute low levels of
R&D efforts abroad have centralized types of R&D, responding to the
traditional center-periphery model. It is worthy highlighting that empiri-
cal evidence has shown that, though the level of internationalization of
R&D activities has increased recently, it is still quite inferior to the level of
productive diversification. Dunning (1994) has proved through a sample
of 792 corporations that, in 1982, the R&D internationalization rate was
around 12%, against 30% of productive internationalization. The rate for
R&D internationalization showed a greater level for European based mul-
tinationals (23%) than for US (9%) and Japanese firms. Sectors with higher
R&D internationalization rate were mechanical engineering, computers,
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motor vehicles, food and other manufacturing. The sample of 113 US
corporations used in this paper, using patents filed in the US, shows an
R&D internationalization level around 24% and a level of international
employment around 42%. Patel (1995) shows furthermore that only 43
out of 569 MNE in his sample had over 50% of their technological acti-
vity located abroad. Furthermore, only small countries had firms exe-
cuting a large proportion of their R&D efforts abroad (Belgium and the
Netherlands). Firms with greater R&D internationalization level were food,
drink & tobacco, building materials, other transports, pharmaceutical and
mineral industries. With the exception of pharmaceuticals, those sectors
are not characterized by high level of R&D expenditures. Patel (1995)
concludes that firms that have directed great technological efforts out-
side their home countries are usually performing adaptive R&D to local
tastes and needs, adapting products to regulation requirements or (in the
case of minerals) to exploit local natural resources. In high technology
industries, such as computers, aircrafts, instruments and electrical equip-
ment, R&D and design play an important role in the creation of new
products. In this latter case, R&GD efforts abroad are less frequent and
geographical closeness seems to play a more important role.

The R&D internationalization seems to have also more importance
in leading companies in each sector of activity (DUNNING, 1994; CANT-
WELL, 1995; CANTWELL and JANNE, 1999). The theoretical arguments
that sustain this fact state that leading firms are more likely to have greater
absorptive capacity, greater level of productive and technological diver-
sification and a greater capability to manage resources, being more ca-
pable to identify new advances and applications, to extend their core busi-
nesses and to find use for the results of their research. Leading firms should
then be more likely to work in network modes of R&D organization.

Specialization and Duplication

One important feature of networks is the complementarity of their
efforts, that is, if the production of one asset of a member of the network
is incremented, the production of other members’ assets should also be
incremented (FORAY, 1991). However, in order to have networks, apart
from being complementary, assets produced by different members should
not be the same, that is, some degree of dissimilarity should be expected to
hold or else no geographical diversification should prevail (RICHARDSON,
1972).5

5 The performance of similar R&D activities in different units across countries should be justified.
In a scenario where transference costs are high, there should be advantages to perform similar
activities in one sole unit.
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However; it should be stressed that most-works on the subject-peint
to the duplication of competencies. Zander (1998, 1999) stresses the im-
portance of competence duplication, even in the cases where MNE inter-
nationalize most of their R&D. This result was also obtained by Rocha
and Urraca (1998). Some arguments may be posed for the duplication
of efforts in intra-firm R&D networks:

(i) inorder to absorb externally produced knowledge, a unit should be able
to understand, implement, use and develop that knowledge. In order to
undertake these tasks, the performance of some research in these areas
should be necessary (COHEN and LEVINTHAL, 1989). It should then be
expected to occur some overlapping between technical fields exploited
abroad and technical fields exploited at home;

(ii) some R&D may be undertaken abroad in order to tap new developments
in the frontiers of technical progress in foreign countries. This line of inves-
tigation should be more likely to occur in the technical fields most important
for the MNE, that is, in the technical fields where the MNE hold core-distinctive
competencies. Duplication of R&GD efforts should then arise. In this case,
there is still network coordination due to the necessity to transfer technology
across firms’ boundaries.

The capacity to transfer knowledge will depend on the degree of
knowledge codification, that is, on the inverse of its tacit character. The
knowledge should be more tacit the greater its proximity to direct appli-
cation in production processes. The duplication of technology may be
therefore a consequence of the inability to transfer knowledge across
subsidiary due to the high level of applicability of the knowledge pro-
duced (COOMBS, 1996). In this case, the undertaking of foreign R&D
will not be related to the transference of knowledge due to the local
character of knowledge. This type of R&GD would resemble Patel (1995)
when he relates it to adaptive RGD.

2 Methodology
2.1 The Database

This paper uses patent information to measure the level and direc-
tion of internationalization of R&D efforts by multinational enterprises.
It uses information from patents filed by 113 US MNE and their subsidia-
ries® at the European Patent Office (EPO) between 1986 and 1999. R&D,
sales and total employment information are obtained from US Corpo-
rate R&GD Survey of the National Science Foundation for the year 1997.

¢ The list of subsidiaries was obtained from Dun and Bradstreet, Who Owns Whom CD-ROM,
1999 edition.
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The ratio of foreign employment to total employment is obtained from
Who Owns Whom CD-ROM, 1999 edition. From the 113 MNE in our
sample, 103 are listed among the top 500 R&D performers in the US,
according to the US Corporate R&D Survey of the National Science
Foundation. Together, these 103 firms responded for US$ 77 billion in
R&D expenditures in 1997 (75.5% of total R&D expenditures by the top
500 R&D performers). The firms in the sample have filed 56,777 patents
from November 1986 to May 1999, that is, 9% of the total patents filed
in the EPO in the period (see Table 1). No firm in the sample had filed in
the period less than 46 patents. The firm with less overall patents was BW
Holdings while the firm with the most patents was IBM (4,737 patents).
The use of patents as indicators for R&D activities has virtues and
shortcomings and we refer to the literature for any further interest.” It is

Table 1. Sectoral Distribution of Firms in the Sample.

Sectors Total Patents % Number of Firms %
Electrical 12,139 214 18 15.9
Computer 9,289 16.4 7 6.2
Drugs 8,193 14.4 10 8.8
Chemical 6,796 12 18 15.9
Instruments 5,194 9.1 6 53
Motor Vehicles 3,385 6 9 8
Machinery 2,826 5 10 8.8
Petroleum 2,804 4.9 9 8
Paper & Wood 2,524 4.4 4 3.5
Aircraft 1,693 3 6 53
Metals 612 1.1 6 53
Food 594 1 5 4.4
Building Materials 370 0.7 3 27
Rubber 358 0.6 2 18
Total 56777 100 113 100

Source: Own elaboration from EPO Espace Bulletin Information CD-ROM, Nov.
1986 to May 1999.

7 -See Griliches (1990), Pavitt (1988) and Grupp and Schmoch (1999).
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howeverimportant to clarifythe adequacy-of using patent statistics from
EPO to measure the level of R&D internationalization of US firms. The
first argument is that the data should be biased towards R&D executed
in Europe. Infact, when compared to statistics from previous papers (PATEL,
1995; CANTWELL, 1995), it can be seen that the internationalization
level of R&GD activities of US firms is much greater when we use EPO’s
statistics. Analyzing the patenting activity in the USPTO for about 250
US firms from 1985 to 1990, Patel (1995) finds that 7.8% of total patenting
was due to innovative efforts whose inventors reside abroad; Cantwell’s
(1995) sample for 1969 to 1990 shows a 6.8% of patenting of US firms
with inventors residing above. Our sample of 113 US firms shows that
22% of total patenting in EPO had inventors residing outside the US. It
should be stressed that EPO may be biased towards European techno-
logical efforts as well as USPTO may be biased towards US inventors.
Therefore, if, on the one hand, the EPO may overestimate the share of
foreign inventors in US MNE, on the other hand, USPTO may underesti-
mate their participation. However, as pointed out by Grupp and Schomoch
(1999:385), patent applications in EPO are quasi automatically a second
application for a patent. Usually, the priority application is done in the
inventor’s home country. Furthermore, the filing of a patent at EPO has
a quite high cost when compared to other patent offices. In this sense, it
is a narrower economic filter for both US and European inventors.
Second, one may argue that patenting activity in EPO is not repre-
sentative of US firms’ R&D activities. A few arguments may be drawn to
support the use of EPO statistics. First, US resident inventors are the most
active in EPO. They account for 28.6% of total patenting in EPO, against
20.6% of German, 8.3% of French and 6.1% of British residents. Second,
there seems to be a close relation between firm R&D efforts and firm
patent applications in EPO. This is shown in Table 2 where we present
three OLS regressions. Equations (1) and (2) use firms’ total patents as
dependent variables. In equation (2) besides the control for foreign em-
ployment, sectoral dummies are included. As it can be seen the coefhi-
cient for R&D is positive and highly significant in both equations. In
equation (3), we use the logarithm of total patents as dependent varia-
ble. The linearization of the equation improves R2 statistics. As it can
be seen, all equations fit very well and R&D is positive and significant.
Patents were selected by the applicant’s name. We used Dun and
Bradstreet's paper edition of Who Owns Whom 1996 and CD-ROM edi-
tion of Who Owns Whom 2000, version 3, to identify the firms’ subsidia-
ries. Patents were considered as indicators of international R&D efforts
whenever there was at least one inventor resident outside the US. This
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criterion biases the data towards international efforts since a great deal
of patents had inventors resident in more than one country.

Patents were classified according to the 21 subsection of the Interna-
tional Patent Classification (IPC). Each subsection was defined as a tech-
nical field. The distribution across technical fields is understood to define
a firm’s competencies profile. This kind of work has been used before by
Patel and Pavitt (1997), Cantwell (1995), among others.

Table 2. OLS Regressions.

ay 2 @Qr

Constant 343.48" 348.48™ 47734
(4.219) (3.807) " (0.000)
R&D® 0.26304* 0.2897*
(4.694) (4.911)
In R&D 0.99988*
(182.321)
% Foreign Employment® 1.0792 -0.15
(1.546) (-0.618)
In % Foreign Employment -0.0013
(0.000)

R-square 0.22143 0.36951 0.99714

t-statistics in parenthesis
*Significant at 0,0001
**Significant at 0,001

Source: Own elaboration from EPO Espace Bulletin Information CD-ROM,
Nov. 1986 to May 1999. Foreign employment information was obtained
from Dun and Bradstreet's paper edition of Who Owns Whom 1996 and
CD-ROM edition of Who Owns Whom 2000, version 3. R&D, sales and
employment information from Shepherd, C. and Payson, S. US Corporate
R&D. National Science Foundation, http:/www.nsf.gov/statisticsnsfo0301/,
September, 1999.

& Data on REGD was obtained from National Science Foundation US Corporate RGD Survey,
http://www.nsf. gov/statistics/nsf00301/, for the year 1997.

? Foreign employment obtained from Dun and Bradstreet, Who Owns Whom, 1999 edition.
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2.2 Indicators and Taxonomy

We use a set of indicators to tap into firms’ strategy. First, we divide
the sample into two: those firms that show relevant international techno-
logical activity and those firms that do not undertake relevant technolo-
gical activity outside home country’s boundary. Second, following Zander
(1997, 1999) and Patel and Vega (1999) we classify international activity
into two groups: technological activity that duplicates home country’s
technological activity, that is, firms’ international technological activity
does not differ from their home country activity; and technological acti-
vity that specializes business units’ technological activity in comparison
to their domestic technological activity. Duplicative international R&D
is less likely to be associated with network organization and more likely to
be related to problems of knowledge transference, such as knowledge
that flows from marketing activities that conduct to adaptive R&GD and
the high costs of knowledge transference from home country bases.
Specialized R&D on the other hand may suggest the presence of labor
division across business and R&D units.

Then we split technological activity into two groups according to
their relevance to the building of firms’ technological competencies. If
specialization occurs in firms’ core competencies, then the status of inter-
nationalized business units in central in firms’ technological activity and
more decentralized type of organization is likely to be present. If speciali-
zation occurs in firms’ marginal competencies, then home country offices
hauve still central relevance in the formation of firms’ competencies.

From the gathered patent information, some indicators were elabora-

ted. The firm’s rate internationalization of R&SD is measured by IRD, = I; IZ £

F

where PN, are patents filed by firm F with at least one non-resident
inventor and TP, are total patents filed by firm F. The arithmetic average
IRD, was 23.14% with a standard deviation of 20.65%. The highest IRD,,
was obtained by Sara Lee (90.63%) against 0% in the lower bound for
Brunswick and Clorox. Firms inside the 25% with lower IRD,, that is, those
that showed an IRD, lower than 8.94% were classified as non-internatio-
nalized.

Furthermore, we classified the firms according to the level of specia-
lization of their international technological efforts, vis-a-vis their total
technological efforts. This was done through the creation of three indi-
cators:

a. s’ represented by the ratio of patents filed at the subsection i of IPC by firm
F to the total patents filed by firm F;
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b. s!* represented by the ratio of patents filed at the subsection i of IPC by
firm F with at least one US non-resident inventor to the total patents filed
by firm F with at least one; US non-resident inventor and

5
C. ISC, =",
i SF

field “i” at firm F. Whenever ISC, > 1.5, technical field i will be considered
of international specialization, that is, the share of technical field i in total
international technological activity will be greater than the share of tech-
nical field i in total technological activity.

A firm’s international technological strategy is classified as speciali-
zed if technical fields where international technological activity has shown
specialization, that is, ISC, > 1.5, represent over half of its technological
activity, that is, the sum of the sHFwith ISC, > 1.5 is superior to 0.5. Other-
wise, the firm’s international technologlcal strategy is classified as dupli-
cative.

A firm’s revealed technological advantage was represented by

st ‘ . . ‘
RT4[ =5, where is s the ratio of patents filed at EPO at the subsection

of IPCto the total patents filed at EPO; the revealed technological advan-
tage of a sector was defined by RT4* =3 RTA"s,, where s is the share of

patents of the firm F in the sector it belongs to: if 225 >0.5 for all tech-
nical field i with RTAS> 1.5, the firms’ international technological strategy
was considered as taking place in the sectors’ core competencies, other-
wise, it was considered as taking place in the sectors’ marginal competen-
cies. The use of sectoral technological advantage to measure the core
competencies of the firm was chosen to avoid biases created by the firm
level indicator whenever firms’ internationalization level was too high
(it should be said that 10 firms present internationalization level over 60%),
probably as a consequence of using EPO as the patent source. Further-
more, it should be stressed that the use of RTA indexes to measure compe-
tencies may create a bias to consider as core competencies as a technical
field where the rate of patenting activity is too low.*

1o Alternative indicators were elaborated by Patel and Pavitt (1997). However, the use of their
indicators would render four different classifications of core competencies and our overall analysis
would achieve a very high level of complexity. We have chosen to aggregate their core-distinctive
and niche-distinctive competencies as core competencies and their core-background and mar-
ginal competencies in marginal competencies. The above mentioned bias is associated with
considering niche-distinctive competencies as core and not considering core competencies the
core-background competencies. Due to the uneven distribution of patents across IPC technical
fields, the patent share indicator would not be feasible.
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Ahostcountry’s revealed technological-advantage in technical field
[o}
i is expressed by RZAS = sfw where s ¢ represents the ratio-of patents filed

by inventors resident in country C in the subsection i of IPC to the total
patents filed by residents in country C. Whenever RTA“>1.5, the country
is said to be specialized in that technical field.

3 Results

Table 3 shows the sectoral distribution of firms according to the inter-
nationalization strategy they appear to pursue. It is interesting to observe
that the three sectors with the highest proportion of firms in the category
of non-internationalized are Rubber, Aircraft and Electrical (see column
L). The latter two are characterized by the presence of technology inten-
sive firms. On the contrary, Machinery, Metals, Chemicals and Compu-
ters show the highest percentage of firms adopting internationalizing stra-
tegies. Computers are among the most R&GD intensive sectors, Chemicals
and Machinery have intermediate levels of technology intensity, while
Metals show low levels of R&D intensity. Therefore, there seems to be
no relation between the internationalization level of technological acti-
vity and technology intensity.

3.1 The Traditional Model: Duplicative Strategies

Among the most internationalized firms, there is a clear predomi-
nance of duplicative strategies. In this category, there is a prevalence of
core competencies developed abroad over marginal competencies. This
was already expected since it is quite difficult that a firm would dupli-
cate internationally and be developing at the same time marginal compe-
tencies. If there is a predominance of marginal competencies then it should
not be duplicative. The exceptions found in Table 3 are mainly due to the
indicator used to measure core competencies. As was previously defi-
ned this indicator was developed at the sectoral level — mainly to control
— for firms that have a great deal of their patents internationalized be-
cause of the bias towards internationalization found in the EPO database.
Therefore, sometimes the occurrence of duplication in marginal compe-
tencies is due to the bias towards the indicator. This appears to be the
case of E I DuPont that has the technical field instruments as a core com-
petence though it is not a core competence of the chemical sector where
it is classified. A second bias may be associated to the uneven aggregate
distribution of patents across subsections of IPC (the level of aggregation
chosen to define technical fields). A sector may be specialized in some
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technical fields where the overall level of patenting is very low their core
competencies would have been defined in sectors where they hold a
small proportion of their total patents. ' I

The duplication result has already been found by Zander (1997).
Four main causes may be pointed out to explain the predominance of
duplicative efforts: (i) the wave of mergers and acquisitions during the
1980’s and 1990’s; (ii) market-driven technological efforts based on in-
ternal competencies; (iii) the potential for cross-fertilization between si-
milar units; and (iv) decentralization of R&D inside the firm. In the first
case, the overlap of technical fields would be occasional and would tend
to disappear as firms restructure their activities, adapting the recently
bought units to their new reality. As a consequence, there would be a
tendency towards a decrease in the level of R&GD internationalization.
Though this effect may be important and demand further investigation,
the increase in the internationalization level shown in many works does
not allow its generalization for the explanation of the phenomenon.

One way to differentiate between causes (ii), (iii) and (iv) is to ana-
lyze the technological competencies developed outside the home coun-
try with host countries’ revealed technological advantage. If firms are
pursuing a strategy of cross-fertilization of competencies they should be
locating their technological activities in host countries that are speciali-
zed in the technologies they are cross-fertilizing, whereas market-driven
and decentralization technology strategies should not be focused on the
host countries’ competencies but on the competencies pursued by firms.
Table 4 shows revealed technological advantage (RTA) indexes for seven
European host countries and the total number of patents by technical
fields for the 62 firms that were classified as pursuing duplicative strate-
gies. The result shows that only in few cases (4.88%) firms execute RGD
activities in technical fields where the host countries have the revealed
technological advantage index over 1.5. In fact, of these 62 firms only 7
have over 30% of their international patenting activity located in tech-
nical fields where the host country has technological revealed advan-
tage indexes over 1.5 and only Bristol Meyers has over 50%. This index
may have a problem. Due to the limited number of technical fields and
to the overall technological leadership of these countries, the use of a
RTA index criterion over 1.5 may be too harsh. However, if the index
criterton is relaxed to 1.0 the number of firms with over 50% of patents
designated to US non-resident inventors increases from 1 to 36. None-
theless, the proportion of total patents filed in the technical fields where
host countries have technological advantage does not exceed 52%, which
is the value expected from a proportionate distribution across technical
fields. It appears therefore that, in the case of duplicative strategies,
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firms are not pursuing the exploitation of host countries’ superior com-
petencies.

If this perception is true it is less likely that the explanation of dupli-
cative strategies should be related to the pursuing of cross-fertilization
of competencies across similar units. These efforts are more likely to be
associated with either market-driven strategies of product adaptation
(PATEL, 1995) or R&D decentralization in different units exploiting core
competencies and technological advantages of the firm. These results
suggest that in the case of duplicative R&D the intra-firm network hypo-
thesis (ZANDER, 1997) should be ruled out.

3.2 Non-Traditional Model: Specialized Strategies

Table 3 also shows that 22 firms have specialized international techno-
logical strategies. These firms are mostly located in sectors of moderate
R&D expenditures (Metals and Machinery, for instance). 12 out of these
22 firms pursue core technology strategies while 10 have their interna-
tional technological strategy driven towards technical fields where they
hold marginal competencies. The former case is indicative of the adop-
tion of a work international division of labor with across units located
in different countries specialized in certain core technologies. This case
seems to be a specialized network. The latter case may be associated with
the pursuing of opportunistic strategies to absorb knowledge developed
outside their countries’ boundaries.

In both cases it should be expected that firms would be pursuing
to exploit advantages of the host countries. However, the results of Table
5 show precisely the contrary. Only in very few cases firms exploit techni-
cal fields where the host country holds technological advantage. If the
RTA>1.5 criterion is used, no firm will hold more than 50% of their pa-
tents with inventors residing in these countries in the technical fields where
the host country has revealed technological advantage and only 4% of
the patents will meet the criterion. If the RTA>1.0 criterion is adopted, 11
firms will have over 50% of their patents in technical fields where these
countries have revealed technological advantage and a total of 55% of
the patents will be in technical fields meeting this criterion.

‘Two theoretical explanations for these results may be added. Again,
mergers and acquisitions may be biasing the data. The purchase of a
company may have two different consequences, according to the type
of competence being developed. If the competence developed abroad
is marginal, the acquisition of a new subsidiary may be related to the
widening of the MNE's technological portfolio. In this case, the home
country of the MNE may hold technological advantages in the technical
field where the new affiliate has its specialization and this may be a rea-
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son for the acquisition. This could be the case; for instance, of General
Motors and its acquisition of Opel. In the case of core competencies,
again the importance of foreign research in the area should be expected
to decrease. Still, some more work in this direction should be done.

An alternative explanation requires leaving aside “the network-based
view” of international RGD activities. As it is shown above, there seems
to be no reason for the location of R&D labs in these countries due to
revealed technological advantage. On the contrary, most cases show that
firms execute RGD activities abroad based on their core competencies
and not on the core competencies of host countries. This result again
confirms Patel and Vega's (1999) findings. However, the explanation of
the occurrence of specialization requires more than that. When firms are
specialized they do different lines of research abroad from those they
do in their home country. The location of most international specialized
R&D in sectors that expend moderate levels of R&D and that provide
inputs to other sectors may help us to explain the phenomenon. It may
be that firms need to adapt these products to the specific needs of users
in these host countries. This surely may be the case of the Machinery
sector. In this case, the explanation for the specialization would be due
to market-oriented adaptive R&D.

The adaptive character of international R&D may be confirmed by
the two regressions in Table 6. The regressions have the level of techno-
logical internationalization, represented by the ratio of patents filed by
foreign inventors to patents filed by US residents, as dependent variable.
This variable is left-limited at zero. Therefore, equation (1) is a tobit model
censored at the left side at 0 while equation (2) is an OLS model to serve
as a comparison. Four explanatory variables are used:

(i) thefirm’s R&D intensity (RDINT), represented by the ratio of R&D to sales;

(ii) a measure of internationalization of productive activity represented by
the ratio of foreign employment to total employment (FOREMP);

(iii) a measure of firm size, represented by total employment (EMPL);

1
Y

Asit can be seen FOREMP emerges as significant in both specifi-
cations. This indicates that the R&GD internationalization is still a conse-
quence of the internationalization of production. Note that the R&D inten-
sity and employment variables are not significant and assume a negative
value, suggesting that this is not a phenomenon of high technology firms
as suggested elsewhere, neither of the leaders in their own sectors (CANT-
WELL and JANNE, 1999). The technological diversification variable is po-
sitive, though just misses the 10% significance level. In this case, Cantwell

(iv) the level of technological diversification, represented by
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and Janne’s (1999) hypothesis that geographical diversification appears
as a consequence of an answer to the increase complexity of technolo-
gical activities cannot be denied. On the contrary, there is a suggestion
that firms that have higher levels of technological diversification need to
acquire some of their technology in other countries. Further work should
be done trying to capture other elements of complexity, such as relation
with basic science and productive diversification.

4 Conclusions

This paper has two main conclusions. First, it shows that:

(1) most firms that execute R&GD efforts abroad duplicate their competencies
in relation to the ones developed in their home countries;

(i) evenwhen firms research abroad has been specialized, they do not seem
to be attracted by host countries’ technological expertise;

(iii) thereisa close correlation between the location of R&D labs and the geo-
graphical distribution of employment.

This evidence does not support theories that link recent increases in
the R&D internationalization to changes in the model of R&D organiza-
tion inside MNE towards a network organization. On the contrary, this
model would expect specialization of R&D undertaken abroad and clo-
seness to host countries’ strengths. Therefore, the paper supports older
theories of internationalization of technological efforts that affirm that
they are a consequence of adaptive market-oriented research (DUNNING,
1994; PATEL, 1995; PATEL and VEGA, 1999; CAVES, 1996).

Still, it is important to stress some shortcomings of the results here
obtained. The sample only contains US MNE. However, previous works
on the R&D internationalization (PATEL, 1995: PATEL and PAVITT, 1994;
DUNNING, 1994) have found that internationalization levels of RGD had
a great correlation with country size. Furthermore, Granstand et al.’s (1992)
work on technological alliances shows how Swedish based firms are more
likely to look for foreign partners than companies based on the US and
Japan. In this sense, rather than, as stated by Cantwell and Janne (1999),
having a high correlation between network-like international R&D orga-
nization and technological leadership, it seems that the right correlation
would be between international R&D networks and country size. Some
of the differences in relation to Zander’s and Cantwell and Janne’s (1999)
works may be due to differences in the sampling. Zander’s work is totally
composed of Scandinavian firms that are based on small home countries
and that may need to recur to foreign R&D bases to have access to impor-
tant R&GD assets. The paper also innovates in using EPO’s database. This
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Table 6. Regressions.

. (1) - . e e . - (2) —

Constant - 0.13013 -0.04312
{0.650) (-0.221)
RDINT -0.0119 -0.0165
(-0.695) (-0.936)
FOREMP 0.40175* 0.94974*
(2.301) (17.339)
EMPL -6.36E-07 -8.22E-07
(-0.723) (0.912)
TECHDIVER 0.0651 0.0667
(1.433) (1.432)
SIGMA 0.57597
(11.994)
R-square 0.999
N 75 75

Source: Own elaboration from EPO Espace Bulletin Information
CD-ROM, Nov. 1986 to May 1999. Foreign employment.information
was obtained from Dun and Bradstreet’s paper edition of Who Owns
‘Whom 1996 and CD-ROM edition of Who Owns Whom 2000, ver-
sion 3. R&D, sales and employment information from Shepherd,
C. and Payson, S. US Corporate R&D. National Science Foundation,
http://www.nsf.gov/statistics/nsf00301/, September, 1999.

is certainly a positive characteristic for it confirms some of the resuits
and impressions draws from USPTO by Patel’'s work. However, the inves-
tigation of US MNE patenting at EPO may bias the results towards greater
levels of internationalization of R&GD.

A second conclusion of the paper is to demand further work. Three
main suggestions emerge in this direction. First, it is clear that further
work is needed in the identification of the type of knowledge develo-
ped abroad. Coombs’ (1996) work on tacit knowledge calls for the identi-
fication of the type of knowledge being developed in foreign R&D loca-
tions for the confirmation of the market-oriented hypothesis. Second,
although some evidence was raised from the relation between foreign
employment and internationalization of R&D efforts, the work should be
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extended to include evidence in the country level. Third, an important
element that appears to influence international R&D and that could not
be matched by the present analysis is the role played by mergers and
acquisitions. As it has been stressed, M&A may affect the location of
R&D in many aspects and its role will change depending on the relation
between the type of competence that was developed abroad before the
transaction and the trend that international R&D will follow after the
transaction.
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