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Abstract

There is an increasing concern about the function of Transnational Companies’ (TNC)
subsidiaries in host country innovation systems, particularly so in countries which are highly
dominated by foreign owned companies. Interactions or links between R&D units of TNC
subsidiaries with host country partner organisations can influence innovation dynamics in the
host country. Yet, previous academic research suggests that the subsidiary’s R&D role is an
important variable in this context. Specifically, global R&D roles have been repeatedly
associated with strong local links. Following this notion, the purpose of the article is to
explore to what extent subsidiaries with global R&D roles maintain different types of
cooperative links with host country partner organisations. Based on a study of four R&D units
with global roles located in Brazil, we identified several factorsthat have impeded R&D units
with global responsibilities to link up with the Brazilian innovation system.

1 Introduction

Whether or not Transnational Companies (TNCs) contribute to the innovation systems of
their subsidiaries host countries, particularly developing countries, is the basic research
guestion of this study. TNC subsidiaries may contribute to the innovation dynamics of their
host country when they interact with local partner organisations, such as suppliers, customers,
research institutes and universities, since interactions can promote learning and innovation
(Lundvall, 1988). However, subsidiaries may play different strategic roles in a TNC's
innovative activitiesand interactionor links with host country partners may vary according to
the subsidiary role. Therefore, the purpose of this paper is to explore to what extent
subsidiaries with a specific R&D role maintain different types of cooperative links with host
country partner organisations.

I will focus on a specific R&D role, thisis, R&D units which develop new products for
global markets or participate in global R&D projects together with other TNC units. It can be
assumed that the impact of these R&D units is considerable because of three reasons: firgt,
R&D units with global roles tend to possess higher technological capabilities than units
exclusively focused on adapting foreign products to the host country market. Hence, the
potential of learning is probably higher for host country partner organisations when
interacting with these units. Second, R&D units with higher interna R&D capabilities tend to
have a higher absorptive capacity (Cohen and Levinthal, 1990) which enables them to interact
with research institutes and universities. Third, R&D units with global roles tend to put forth
higher demand pressure on their host country partners, since competing in a global arena
requires high quality inputs. Consequently, these R&D units may spur their partners
technologica upgrading processes.

This reasoning is in line with research on subsidiary roles. The latter stream of literature
explains global roles, such as centres of excellence, by ‘technologica embeddedness’ in the
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host country environment (Andersson and Forsgren, 2000) or by the existence of ‘links
between TNC subsidiaries and ‘local sources of competence’ (Frost et al., 2002). While these
and similar studies are situated in developed countries such as Canada, Denmark, Sweden and
the UK, little attention has been paid to the particular characteristics of developing countries
and to the question of whether R&D units with global responsibilities located in developing
countries also possess strong links with * host country sources of competence’ or whether they
rather form ‘idands of excellence’ detached from their host country’s innovation system.

This question will be explored on two levels: (1) macro level: aggregate data from a
major innovation survey provide the context of the more detailed case studies showing some
general patterns of cooperative links between TNC subsidiaries located in Brazil and local
clients, suppliers, universities and research ingtitutes, (2) micro level: four case examples
portrait different types of cooperative links between R&D units and host country partner
organisations and also explain why some types of links predominate while others do not exist
at al.

The case analysis suggests that subsidiaries with global roles in R&D do not necessarily
possess cooperative links with host country technology partners and, consequently, their
contributionto the innovation dynamics in their host country is probably limited. | will argue
that the existence of these ‘islands of excellence’ is possible due to low cost advantages in
R&D as well as accumulated technical knowledge within the subsidiary. However, these
advantages may not be sustainable in the long run and linking up to the host country
innovation system would be beneficia for both, the TNC subsidiary and the innovation
dynamics in the host country.

The paper is structured as follows. After a brief literature review, | will spell out the
conceptual framework on which this study is based. The framework will be applied both to
the macro and the micro level of analysis. The final section points to a less recognised form of
interaction and mentions some implications for Science and Technology policy.

2 LiteratureReview

This study is based on the combination of two different streams of literature, one of them
analyses TNC subsidiaries from the perspective of innovation systems and the second is
rooted in management studies and focuses strategic roles of subsidiaries.

2.1 TNC Subsidiaries and Innovation Systems

The relationship between TNC subsidiaries and host country innovation systems seems to
remain a controversial issue. “Innovation systems’ are often considered as basically
“national”, being an outcome of path dependent evolutionary processes and marked by
idiosyncratic historical, cultural and institutional characteristics of a particular country
(Nelson, 1993). As a consequence of this, TNCs, being fundamentally rooted in the history,
culture and ingtitutions of their respective home countries (Doremus et al., 1998), would
probably be strangers within the innovation systems of their host countries, which have been
characterized by different path dependencies and institutions.

In fact, TNC activities in developing countries are sometimes seen as elements that
tend to increase technological dependence (Unger, 1988) and decrease regional technological
capabilities (Young, Hood and Peters, 1994, p. 660), rather than contributing to the host
country’s indigenous economic and technological development. And mainstream management
literature makes evident that the focus is on sourcing knowledge from (and not necessarily
contributing to) host countries innovation systems (see Doz, Santos and Williamson, 2001 as
an example).



Hence, in order to avoid ‘getting stuck’ within national boundaries, exploring our
research gquestion seems to require a different approach which has already been recognised by
some scholars. For instance, Narula (2003, p. 18) points out that the ‘ pervasive role of MNEs
[Multi-National Enterprises] in a globalizing world — and their ability to utilize technological
resources located el sawhere — makes the use of a purely nationa system of innovation rather
limiting’. Alternative approaches which go beyond national boundaries are ‘sectoral
innovation systems’ (Breschi and Malerba, 1997) or ‘ Technological Systems'. Both of them
differ from ‘national systems of innovation’ in that they are dynamic approaches; yet, while
sectoral systems focus on the dynamics of competitive selection, technological systems focus
on ‘how well the system can identify, absorb and exploit global technological opportunities
(Carlsson et d., 2002, p. 237) and on ‘networks of agents interacting in a specific technology
under a particular institutional infrastructure and involved in the generation, diffuson and
utilization of technology’ (Carlsson and Stankiewicz, 1995, p. 49). Here, we opted for the
|atter approach.

According to the concept of Technological Systems innovation occurs in networks of
buyers, suppliers and research institutes that may transcend the borders of individual countries
(Carlsson, 1997). Technological Systems are based on ‘competence’ or ‘problem solving’ or
even ‘informal networks'. Thus, particularly in economies highly dominated by TNCs, R&D
activities of foreign subsidiaries could be considered as a major link between host country
innovators and global R& D networks, serving as an important vehicle for the diffusion of new
knowledge and technologies (Cantwell and lammarino, 1998).

Though it is recognised even by critical authors (see Katz, 2000) that TNC subsidiaries
can play an important role regarding technology diffusion in their host countries, we do not
know much on their rea impact. In a recent contribution, Narula (2004, p. 8) comments:
‘while the potential for MNC-related spillovers are clear, as are the opportunities for
industrial upgrading therefrom, it is increasingly acknowledged that the nature, level and
extent of the benefits vary considerably’. He points out two conditions for reaping benefits
from TNCs: first, spillover must exist and second, domestic economic actors must possess the
appropriate level of absorptive capacity.

According to Lam (2003), benefits from TNC subsidiaries can vary according to their
country of origin. Based on case studies of US and Japanese subsidiaries located in the UK,
the author found that Japanese-owned subsidiaries behave differently from US-owned
subsidiaries as far as local networking is concerned. Different propensities to establish local
networks could be rooted in distinct institutional characteristics of the TNC's home countries
(Doremus et al., 1998).

Castellani and Zanfei (2002) argue that the creation of links between subsidiaries and
local firms depends on the experience of subsidiaries, this is, the number of years they have
been present in their host country. Similarly, Narula and Zanfel (2003, p. 12) complement that
the integration of TNCs in host countries is costly and time-consuming: ‘ even where the host
location is potentially superior to the home location - and where previous experience existsin
terms of other value adding activities - the high costs of becoming familiar with, and
integrating into a new location may be prohibitive’. As a consequence of this, subsidiary
management tends to carefully evaluate the relationship between the costs of local networking
and the expected benefits in terms of access to new knowledge and technologies.

Specific characteristics of some developing or newly industrialising countries may
also hamper building links between companies and research institutes or universities. For
instance, Dagnino (2002) remarks that the Latin American scientific community has
internalised the values and quality standards of industrialised countries scientific
communities; and, consequently, the Latin American research institutions do not match local
demand but rather the technological demands of industrialised countries. Though this may be
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true, TNC subsidiaries are probably less affected by this ‘mismatch’ than local companies for
two reasons. first, TNC subsidiaries are generally working in accordance with the
technological standards of their industrialised countries of origin; second, some of them are
so-called ‘export platforms which develop and produce for world markets. Indeed, empirical
data from Brazil suggest that TNC subsidiaries interact more with loca universities and
research institutes than Brazilian owned companies do (Costa and Queiroz, 2002).

Empirical findings in other latecomer countries (India, Ireland, Isragl) suggest that the
timing of entry may have an influence on the occurrence of linkages and spillovers; in
particular, entry of TNCs before the development of a domestic industry does not seem to
benefit spill-overs since there are only few potential partners of local origin and, in addition,
the development of a domestic industry may even be hampered (Giarratana, Pagana, Torrig,
2004).

However, TNC subsidiaries develop over time and new generations of locally
recruited managers often have a personal interest to build up internal R& D capabilities and to
establish links with their country s institutions. Subsidiary management may actively try to
enhance their importance within the TNC and to assume more sophisticated roles, different
from mere implementers of technologies developed elsewhere (Birkinshaw, 1998). Hence, the
subsidiary role in R&D might be an important variable in order b explain why some
subsidiaries create strong links with local partners while others do not.

2.2 Strategic Rolesof TNC Subsidiaries

Headquarters can attribute different roles to its subsidiaries. ‘Loca roles refer to
activities such as product adaptation or local original R&D and focus on the host country
market. ‘Globa roles’ imply that a subsidiary contributes to globa R&D programmes
because of their distinctive knowledge and leading technological capabilities within the MNC.
They are sometimes called ‘centres of excellence or ‘centres of competence’. Subsidiaries
may also be responsible Pr the development of entire product families for world markets.
These ‘global subsidiary mandate’ (Roth and Morrison 1992) or ‘world mandate’ (Feinberg
2000) generaly coordinate strategy and related value chain activities (R&D, production,
logistics, and marketing) for a specific product family.

Indeed, previous research suggests that subsidiaries with global roles in R&D are
likely to have more links with exterral sources of competence in the host country (Frost,
Birkinshaw, Ensign, 2002), particularly as far as buyer-supplier relationships are concerned
(Andersson and Forsgren, 2000). Local links help subsidiaries to identify and absorb specific
external knowledge that can become important for the whole TNC and thus justify global
roles such as ‘centres of excellence Holm and Pedersen 2000). They tend to be closely
connected to host country science and technology systems (Reddy, 1997; Nobel and
Birkinshaw, 1998). Moreover, it has been argued that subsidiaries with global R&D roles and
higher decision-making autonomy can contribute positively to host country Innovation
Systems (Meyer-Krahmer and Reger, 1999).

One may contend that these contributions are not be fully applicable to developing or
newly industrialising countries. Y et, drawing on the technological capability literature (which
mainly focuses developing countries), we may come to a similar conclusion as above-
mentioned contributions. Following Lall (1992), Bell and Pavitt (1995), a high technological
(innovative) capability is associated with Science and Technology (S&T) links. As R&D units
with global roles presuppose high technological capabilities in order to compete on world
markets, we may deduce that R&D units of TNC subsidiaries located in developing countries
should also have strong S& T links.



Nevertheless it is seldom recognised that there may be specific advantages or
disadvantages in developing countries which could challenge above-mentiored logic. The
discussion of empirical data from an innovation survey and our case examples is meant to cast
some light on the actual importance of loca links for TNC subsidiaries located in Brazil.
Before that, we need to specify our analytical framework.

3 Analytical Framework

Up to this moment, we have dealt with ‘interaction’ or ‘links as if al of them were
similar in nature. However, links may be characterised as unidirectional or bi-directional,
short-term or long-term relationships, frequent or sporadic. Generically speaking, interaction
between TNC subsidiaries and local partners may involve cooperative R&D activities or
outsourcing contracts. While the former are bi-directional, of longer duration and may offer
valuable learning opportunities for both partners, outsourcing contracts often focus on
technological services which can be provided by severa substitutable partners. Moreover,
outsourcing is frequently limited to exchange know how hidden in ‘black boxes, whereas
cooperative R& D links are more adequate to absorb technical or scientific knowledge.

While technical knowledge is tacit, embedded into specific organisational, cultural and
ingtitutional contexts, scientific knowledge is explicit and universal. Technical knowledge
may be acquired using a trial and error ‘strategy’, whereas the creation of scientific
knowledge requires methods and logical deduction (Marglin, 1990, pp. 223). Combining or
integrating scientific and technical knowledge generates technology; in other words,

technology is technical knowledge
Universities TNC made explicit using scientific
and R&D Network methods or scientific knowledge
'”S“t;tes v converted into practical procedures.
Local Sciencd'»., +*Clobal For this reason, technological
Links * #° Science Links | Progress cannot be solely derived
Foreign R& D Unit from science (Zawisak, 1996).
with global role Global Putting it differently, ‘strong science
Local Technoloaw¥® : provides tools for problem solving,
Links o0 WeeghmoloayLinks | L ily in tsef does ot solve
y\ ‘A practical problems.” (Nelson, 2004,

L ocal TNC Network, p. 458).
Suppliers foreign Suppliers Carrying this logic a hit
and Buyers and Buyers further, we may pose that companies
Figure 1— Local and Global Science & Technical Links which are able to integrate scientific

and technical knowledge under ‘one
roof arein aposition to innovate creating new technologies. Both types of knowledge may be
absorbed from cooperation partners; if these partnerships aso permit to acquire technical
knowledge, we call them ‘technology links'; if they are focused on scientific knowledge, we
cal them ‘science links'. In genera, science links refer to cooperation between companies
and research ingtitutes or universities, whereas technology links refer to cooperation in
product development with buyers and suppliers. These links are fundamental elements of
innovation systems (see, for instance, Lundvall, 1988, on user-producer relationships and
Nelson, 1988, on the role of universities).

Accordingly, TNC subsidiaries which are capable to carry out combinations of both
types of knowledge are able to create new technologies. Subsidiaries may absorb these types
of knowledge either from their mother company (headquarters or other subsidiaries) or from
external partners such as universities, research institutes, suppliers or clients. If a subsidiary
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obtains scientific or technological knowledge via cooperative interactiors with other TNC
units, they are henceforward called ‘global science links' and ‘global technology links
respectively. If cooperative interaction with local, host country partners takes place, we use
the terms ‘local science links' and ‘local technology links' respectively. Hence, subsidiaries
R&D units can dispose over four types of links. 1) globa science links with TNC research
laboratories and foreign based universities and R&D institutes, 2) global technology links
with TNC sister subsidiaries and foreign based external suppliers and buyers, 3) local science
links with host country universities and R&D institutes and 4) local technology links with
host country suppliers and buyers (see Figure 1).

The link between host country innovation systems and international R& D networks or
other countries' innovation systems can be provided precisely by TNC subsidiaries R&D
units”. In line with previous research (Gupta and Govindargjan, 1991; Holm and Pedersen,
2000), subsidiaries with global R&D roles tend to have strong science and technology links
with sister subsidiaries, access state-of-the-art input worldwide and develop new knowledge
or technologies. Therefore, they seem to be best positioned to create ‘a bridge’ between the
host country innovation system and international R&D networks. Thisiswhy we restrict the
focus of this study on subsidiaries with global R&D roles.

Apart from the type of links we need to consider their strength Strong links have high
impacts on the subsidiaries R&D activities For example, buyer or supplier links are strong
when they cause adaptations to the subsidiaries’ product technology (Andersson and Forsgren,
2000) and when both partners learn from each other. We may then speak of cooperative
interaction

Having said this, R& D_ unlts_W|th | ocal Science Links
global roles can be organised in a Strong Weak
matrix-type  classification  scheme
(Figure 2): the matrix displays four

types of R&D units according to the Local L ocal
strength of their science or technology Strong | S&T lTeCh”O"_)gy
. . . ntegratlon ntegratlon
links with host countfy’ cooperation | | e Technology
partners. If the R&D unit's locd links Links
ae weak (‘Absence of Loca

. . : L ocal Absence of
Integration’), then we may consider it an Weak Science Local
‘isand of excellence’: in this case Integration | Integration

opportunities for knowledge spill-overs
to the host country innovation system
are limited. If either loca science or | Figure 2- Classification of TNC subsidiaries’ R&D units
loca technology links are strong, then

the R&D unit’'s loca integration is incomplete and the potential for spill-overs is restricted to
the diffusion of either science or technology related knowledge. If al local links are strong
(see ‘Local S&T integration’ in Figure 2), then the ‘bridge’ between the host country and
other countries innovation systems is likely to be quite effective. Hence, the TNC subsidiary
probably benefits the host country innovation system, since the subsidiary masters the whole
R&D process (from research to product development) being able to create new technologies,
and, at the same time, local science and technology partners are exposed to global
technological requirements which may spur them to catch up.

" This particular form to link up with international networks seems to have attracted |ess attention as recent
publications on Latin American National Innovation Systems indicate (see for instance Ferranti et al., 2003,
chapter 7).



4 Methodological Considerations

According to Carlsson et a. (2002), empirical studies on national systems of
innovation use mainly static and aggregate data on the links among buyers and suppliers
(users and producers), universities, research institutes, government agencies among others. An
advantage of this approach is its capacity to portrait the overall condition of a particular
country’s innovation system. The characteristics of individual components of the system are
less considered. This may be a disadvantage particularly in countries that do not possess a
mature innovation system yet and which show a high diversity of companies. a few of them
highly innovative and a big amount of small and medium sized enterprises SMES) with
unsatisfactory innovative performance. Furthermore, aggregate data does not take account of
individual TNC subsidiaries, particularly those with a solid track record in innovative
activities and global rolesin product development.

Nationa Innovation Systems can be analysed using the micro, meso or macro level
approach (OECD, 1999). While the scope of the micro level approach is the individua firm,
the meso level approach extends the scope of analysis to clusters and the macro level
approach to knowledge flows among different institutions of the economy. Specificaly, the
micro level approach ‘focuses on the internal capabilities of the firm and on the links
surrounding one or a few firms, and examines their knowledge relationships with other firms
and with nonmarket ingtitutions in the innovation system, with a view to identifying
unsatisfactory links in the value chain’ (OECD, 1999, p. 24).

For our analysis of TNC subsidiaries, we combine the micro level approach and a
specific type of the macro level approach. The idea is to identify gaps regarding knowledge
flows or links among organisations (micro-level) and dysfunctional relationships among
ingtitutions as far as knowledge flows are concerned. The combination of both approaches is
useful here for two reasons. The macro level approach provides the context for a detailed
micro level study. In particular, it may contribute to understand which sectoral and overall
patterns regarding science and technology links exist; thus, the combination of both
approaches can indicate to what extend specific case examples (micro level) comply with or
differ from more general patterns. The case examples, in turn, can help to understand why
science or technology related knowledge flows or links are present in one Situation but not in
another. Therefrom, we may gain useful insights for policy making.

Analysing particular elements of an innovation system can be helpful to understand
what may be behind aggregate data as well as to gain insights about systemic failures and
gaps in the system. From the perspective of the technological system approach, Carlsson et al.
(2002) distinguishes three levels of analysis. technology, products and competence blocs. We
opted for products as level of analysis as we are interested in the diffusion of knowledge
related to product development. So we consider those elements of the system which
participate in the development of a product or product family coordinated by a TNC
subsidiary.

As regards links or knowledge flows, we differentiate between cooperation and
outsourcing of product development related activities; because we assume that technological
learning is more effective when different organisations cooperate.

Thus our approach focuses on a group of specific components of the system: the TNC
subsidiary with product development activities and it’s direct (or first order) links with partner
organisations. Correspondingly, TNC subsidiaries constitute interfaces between the host
country innovation system and innovation systems of those countries where other TNC
subsidiaries or partner organisations are located.



5 S&T Linksof TNC subsidiariesin Brazil

In order to contextualise this study, a brief analysis of data from a maor innovation
survey (IBGE, 2002) provides us with an overview on links between TNC subsidiaries of five
industrial sectors and host country partners such as suppliers, clients, universities and research
institutes.

For this purpose, a subset of wholly and partially foreign-owned companies was
extracted from the PINTEC database. The subset amounts to 1.348 manufacturing companies,
451 (33%) of which have relied on cooperation for their innovative activities from 1998 to
2000. Cooperation was defined as ‘active participation in R& D projects and other innovation
projects with other organisations be it companies or institutions (IBGE, 2002, p. 20);
subcontracting is not included in this definition. Respondents were asked to indicate whether
a certain category of cooperation partners had “high”, “medium”, “low” or “no” importance
for their innovative activities. In addition, they were asked whether the main partner
organisation was located in Brazil or abroad.

Whole Population (Brazil) MNC subsidiaries located in Brazil
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Figure 3 — Relative Importance of different Categories of Cooperation Partners for Innovative Activities

We compared the relative importance of different categories of cooperation partners
(suppliers, clients, other TNC units, universities and research institutes) for the subsidiaries
innovative activities. For this purpose, we calculated the frequency of “high importance”
cooperative relationships in each category of partners as a proportion of the total number of
subsidiaries with cooperative relationships in a particular industrial sector. For instance, as 17
(around 50%) out of 35 subsidiaries in the nutrition and beverages sector indicated that the
category of “suppliers’ is hghly important for their innovative activities, we may say that
suppliers in this sector are far more relevant than in the chemicals sector where only 25 (or
26%) out of 97 TNC subsidiaries attributed high importance to cooperation with suppliers
(see Figure 3).

In general, we may deduce from this data that other TNC units (headquarters or sister
subsidiaries) are the main partners in R&D. Loca universities and research institutes,
however, are far less important than local clients and suppliers; less than 10% of innovating
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and cooperating subsidiaries considered them as cooperation partners of high importance. A
survey on the quality of university-industry interaction seems to be in line with IBGE's
findings: most of interactions can be considered as outsourcing of technological services and
less than 30% of al interactions can be considered R&D contracts (Ritter dos Santos, 2003).
Correspondingly, a recent master thesis concluded that TNCs in the telecommunications
industry have only low interest in cooperative agreements and see relationships with
universities as a cheap form to carry out adaptations of their global products which are
generally developed abroad (Savio de Mecenas, 2003).

Differences according to industrial sectors are considerable. For instance, in the
chemical and automotive industry, the importance of cooperation between subsidiaries located
in Brazil and other TNC units is three times as high as cooperation between subsidiaries and
suppliers or clients. Interestingly, in the electronics and communications equipment industry,
cooperation with local clients is nearly as important as collaborations with other TNC units.
In the chemicals as well as in the electronic machines and equipment industries, links with
university and research institutes are most common.

We did the same exercise with respect to different ‘sources of information’ for
innovative activities considering the importance of six information sources, internal R&D,
other internal sources of information, other TNC units, suppliers, clients as well as
universities and research institutes. The results tell the same story: universities and research
institutes® are the | east relevant information sources which suggests a low propensity to create
new technologies. Clients and suppliers® are far more important information sources than
universities and research institutes which seems to confirm that most of TNC subsidiaries
carry out mainly adaptive R&D.

In brief, data seems to confirm that local science links are probably a rare exception
which may indicate a ‘gap’ in the innovation system. Local technology links, however, seem
to be much more common. In addition, other TNC units predominate as cooperation partners
and information sources for innovative activities. However, this broad picture does not tell us
anything about the group of TNC subsidiaries with global roles in R&D; the next section is
exclusively dedicated to this group.

6 Case Examples

In order to illustrate our argument mentioned in the introduction al four types of
subsidiaries with global R&D responsibilities (and their respective science and technology
links) will be discussed in the light of several case examples of TNC subsidiaries located in
Brazil. They belong to the electronic machines and equipment industry, communications
equipment industry as well as the automobiles and transport equipment industry. Particular
attention will be paid to the way these subsidiaries articulate their local and global links. In
addition to personal interviews, secondary information from business newspapers as well as
congress papers and dissertations were used in order to complement interview data. Data
collection and analysis was carried out between 2001 and 2003. The combined analysis of
these factors reveals some characteristics of the links which TNC R&D units have or have not
established with the Brazilian innovation system.

6.1 Local Scienceand Technology I ntegration

Siemens telecommunications R&D unit is one of 9 centres of competence for small
and medium-sized private erterprise switches and contributes to global software development

i They are highly important sources of information for less than 10% of TNC subsidiaries.
8 They are highly important information sources for 30-40% of TNC subsidiaries.



programs managed by headquarters. It is also one out of 11 regional development centresand
thus responsible for the development of a specific hardware module of a new generation
network (NGN) switch. Regarding mobile telephony, Siemens Brazil is implementing a
centre of competence for cellular phone desktop emulation. Siemens owns four R&D centres
in Brazil and maintains a corporate technology department. The latter’s responsibilities are
technology planning and management of R&D activities, building up and maintaining
partnerships with local institutions, technology transfer, patenting, participating in
government bodies for technical norms and regulations.

5.1.1 Global Links

By definition, entres of competence participate in global R&D projects which are
coordinated by headquarters. Each centre specialises in a particular technological niche where
it has achieved world standard and shares its knowledge with sister centres and headquarters.
In other words, there are strong technology link s between the centre and sister centres all over
the world. Transfer of tacit knowledge is carried out by frequent exchange of engineers. Part
of the centre's specific knowledge has been accumulated assigning technical staff to projects
a headquarters.

As for science links, most of applied research is done at headquarters which transfers
scientific knowledge to its subsidiaries. But the Brazilian subsidiary also contributes to
corporate technology using its science links with local universities and research institutes.

5.1.2 Local Links

Tax incentives (‘Informatics Law’) for investments in R&D partnerships have been
used to build up a strong network of more than 20 local R&D partners (universities and R& D
institutes). The partners have received heavy investments in equipment and training from
Siemens during the boom years of the telecommunications industry, from the mid 1990s until
2001. For instance, partner R&D institutes close to the plant in Curitiba received more than
US$ 15 million in that time. This external R&D infra-structure is recognised by headquarters
and was a crucial factor whencentresof competence were assigned.

In response to increasing cost pressures from 2002 onwards, Siemens' Brazilian R&D
unit was required to reduce internal headcounts and transferred part of its engineers to
external partners. Hence, many employees of these partner organisations are still highly
familiar with Siemens corporate culture Thus local links have become increasingly
important to maintain the critical mass essentia for participating in global R&D projects.

As for technology links with local clients, it is worth to mention that Siemens Brazil is
supplier of the main telecom carriers and needs to solve their problems with locally developed
technology. Recently, Siemens implemented together with CPgD and the Brazilian owned
company Tropico the first new generation

Universties - network (NGN) in Latin America for
meR&D Global Network Telefonica’'s subsidiary. In addition, there are
"’ S%:(i)aci]:e SCLIii:(Cse.’ technology some SpeCIfIC demandS on the BI‘aZI|Ian

R y market such as public switches that emulate

ForsmRaD private telephone switches, intelligent

- responsibilities technology to validate whether cloned phone

Technology cards or fasfied money is used and other

Hiks o7 g ﬁﬁﬁfégy” — anti-fraud systems. According to a Siemens
opedalizal y Links %  Network and staff member, some of these niche products
Buyers deues || have chancesl_t(i( get ar\]dtlapted globally. Thus,
Figure 4 - Local Science & Technology Integration - Siemens we may s, .m Swit . ocal partners seem to
have a considerable influence on product
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technology.

Big companies such as TNCs are in a position to improve innovation systens. There
are incipient signals that some TNCs like Siemens are trying to implement a strategy, called
‘voice-strategy’ (Narula and Zanfei, 2003), targeting particularly the weak and often missing
link between universities and industry in innovation systems suffering from a sort of
‘systemic inertia. The recent implementation of a web-based university-Siemens interface,
(“Portal de Tecnologias’) tries to capture the supply of technological solutions which can be
provided by research ingtitutes, universities or incubators via an Extranet in order to match it
with internal demand which is articulated via the Intranet of the company. During the first
three months, more than 100 technology partners have aready registered, more than 10
projects have been started, and three of them attend directly technological demands of
headquarters (Cyrino, 2004). This example shows how the Brazilian innovation system is
becoming interconnected with global networks.

What explains this initiative given the fact that establishing and maintaining links is
expensive and time-consuming (Narula and Zanfei, 2003), particularly when resources
become more and more limited? Siemens Brazil is one of the very few TNCs in Brazil which
run a Corporate Technology department. Thus, human (time) resources are available in order
to strengthen relationships with local partners and to develop an own strategy for
technological upgrading in several business units. The corporate technology department can
be justified since the company has to invest into R&D being a beneficiary of the informatics
law. Coporate Technology Brazil is tightly linked to Siemens' global Corporate Technology
department and knowledge management activities.

In addition, corporate technology staff participates in government commissions and
international (Latin American) bodies that decide on technical norms and regulations. Thus
Siemens lobbied for the adoption of a European aellular phone standard (GSM). This was
possible due to the company’s long history in the country and strong commitment to
technological development.

5.1.3 Implications

With respect to science and technology links, the communication technology division of
Siemens Brazil seems to be quite well integrated both with local and with corporate partners.
Being a full fledged technology creator seems to benefit the subsidiary s position within the
TNC as host of several centres of competence. With regard to the Brazilian innovation system,
locd R&D partners seem to benefit since they can integrate themselves into global R&D
networks using the ‘Portal de Tecnologias interface. In addition, this interface permits
transfer of technology from research to industry, helping to generate new sources of income
and bridging the divide between university, research ingtitutes and industry. Thus, this
example seems to indicate that the current innovative capacity of the Brazilian sectoral
innovation system in telecommunications is rot that negative as it appears which seems to
support Mani’s (2004) argument. However, a single company does not tell the whole story;
we should therefore discuss another example of the same sector.

6.2 Local Science Integration

Ericsson is an example whichis partly integrated into the innovation system. Ericsson
has established its first Brazil-based R& D centre for switching technology in the beginning of
the 1970s. However, as hardware is more and more turning into a commodity, technological
change accelerated and markets were opened to foreign competition, Ericsson discontinued its
Brazilian hardware development activities. Today, proprietary software is increasingly
important to gain a competitive edge and the new R&D centre in Indaiatuba, Sdo Paulo State,
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is exclusively focused on software development. Ericsson’s software development unit owes
its current size (around 250 employees in 2003) to tax incentives (‘Informatics Law’)
corresponding to approximately R$ 62 million (roughly US$ 20 million). However, during the
boom year 2001, tax incentives were considerably higher and resulted in R&D investments
close to R$ 150 million (roughly US$ 70 million). The unit has software development
responsibilities for Ericsson’s global telecom switching platform AXE and is also considered
a centre of excellence (or competence) in billing systems.

5.2.1 Global Links

Coordination of the company’s globa R&D activities is highly centralised at
headquarters and R&D projects are attributed according to performance indicators and the
specific competences of each centre. Thus, different subsidiaries assign projects to different
R&D centres according to the latter’s specific competences and some projects are carried out
by globally dispersed virtual R&D teams. Ericsson Brazil participates in global development
since the 1990sand also transfers technology to other subsidiaries.

There are no science-related links between the Brazilian R&D centre and the other
units of the corporation, but Ericsson Brazil intermediates applied research contracts between
local universities or research institutes and Ericsson’s corporate R&D. In other words,
Ericsson Brazil generally does not use local research output for its short-term software
devel opment projects which are unrelated to medium and long-term research projects.

5.2.2 Local Links

In order to enjoy tax incentives (Informatics Law), Ericsson is supposed to invest a
certain percentage of turnover in research partnerships with local universities and R&D
institutes. Currently, the subsidiary maintains partnerships in practically all major regions of
the country covering areas such as optical components and photonics, optical systems and
networks, optical amplification, third generation mobile phones, wireless networks, intelligent
antennas, signal and voice processing.

One of these partnerships has been realised with the Institute of Physics of the Federal
University of Rio Grande do Sul. It is the first partnership of this kind for the ingtitute which
used to carry out exclusively basic research. The project started in 2001 and involved
investments in sputtering equipment, scholarships for several PhDs, PhD and M Sc students as
well as other expenses (journeys, consumption of materials, etc.). These investments and
other payments constitute the main counterpart of Ericsson Brazil in the project. It is worth to
mention that several other R&D labs p——
participate in this project, one of them is Oriveraties Science Links NG
the Catholic University of Rio de Janeiro || TRED (qmmnnamnpannnnnashy i7okih
(PUC-RJ), ACREO, a Swedenbased . nstutes
private R&D ingtitute, and Ericsson’s
corporate R&D. Hence, we may say that

Foreign R&D
Unit with global

this form of partnership articulates Local responsibiities
several actors of the Brazilian innovation Technology w,

. Links Global %, TNC
system with several actors of the — Technology ¢4 | Network of
Swedish  innovation system. This || sheiacm Hinks dedopment
particular form of cooperation seems to Buyers centres

pioneer the linking up of Brazilian Figure 5 — Local Science Links - Ericsson
applied research with foreign R&D
networks, a model which seems to be imitated by several other TNCs In this sense, the
project contributes to the university research infra-structure and helps to qualify Brazilian
researchers.
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The potential to maintain technology links in product development with local partners
has been curbed because of two strategic changes: first, since switching equipment and other
hardware have become global products, hardware development in Brazil has been
discontinued and the qoportunities for buyer-supplier partnerships in product development
vanished. Second, since a growing share of hardware has transformed into commodities, their
production is increasingly outsourced to turnkey manufacturers such as Flextronics or
Solectron

5.14 Implications

This example shows a remarkable form of science integration between loca universities
and organisations in foreign countries (headquarters and research institute), but no science
integration between local partners and the TNC subsidiary. The scientific knowledge which is
sourced locally is not related to the software development activities of the R&D centre. Links
with suppliers have become redundant. Thus, the subsidiary’s R&D centre is somewhat
decoupled from the innovation system. In addition, science links with local universities and
research ingtitutes do not seem to be of high strategic importance for the company since even
headquarters has discontinued various areas of hardware development due to technological
change and the recent aisis in the telecommunications industry. The focus of many R&D
projects has also changed, giving priority to reducing time-to-market and product costs while
reducing investments in pathbreaking new technologies. As a consequence of this, it is open
to question whether the results of the mentioned applied research projects will have a chance
to become future products of the TNC.

Hence, we may conclude that, on the one hand, Ericsson’'s projects have been
contributing to link up Brazilian universities and research institutes among each other and
with R&D in other countries. In addition, we observed that it is contributing to a cultura re-
orientation in public universities where applied research is seen as less meritorious compared
to basic research and where university-industry interaction has little tradition. On the other
hand, the missing interaction between the company’s R&D centre and the Brazilian
innovation system makes it vulnerable both to strategic reorientation on the corporate level
and to oscillations regarding tax incentives (Informatics Law) since opportunities for
technology generation combining scientific and technological knowledge are limited. This has
been evidenced by a considerable reduction of R&D investments between 2001 and 2003.

6.3 Local Technology Integration

International Engines South America produces and develops high speed Diesel
Enginesin Brazil. The company considers its Diesel engines to be global products which need
to be in line with environmental regulations in its most demanding markets, such as the US
and Europe. The Brazilian subsidiary is a Global Subsidiary Mandate for high speed diesel
engines due to its unrivalled competence within the TNC. There are several other companies
which develop diesel engines in Brazil, such MWM, Cummins and DaimlerChrysler, but
International Engines and MWM are the only two system integrators which develop
completely new projects for electronic diesel engines. After International Engines bought the
formerly Brazilian owned company in 2001, a high degree of operational autonomy has been
preserved as its new Brazilian subsidiary complements very well the product range of
International Engines’ US-based activities. Until its Brazilian venture, International Engines
production and R& D activities had been confined to the US.
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5.3.1 Global Links

Since the company has become a TNC only a few years ago, it does not surprise that
integration between the Brazilian R&D centre located in S&0 Bernardo dos Campos, S&o
Paulo State, and corporate R&D in Merose Park, USA, are only recently being closer
coordinated and ‘ knowledge exchange is still not yet organised in a systematic manner’; when
knowledge exchange occurs, though, it is frequently a Brazilian initiative. A senior manager
of the company even claimed that the Brazilian company ‘has aways been more
internationalised than the US-based mother company as far as cooperation with foreign
partners is concerned’.

The somewhat weak link between US and Brazil-based R&D and the strong links
between Brazil-based R&D and foreign technology partners can be explained looking some
years back into the company’s history. Brazilian operations date back to the late 1950s when
British Perkins started to produce engines in S&0 Bernardo. In 1984, a Brazilian financial
conglomerate (lochpe Group) took over the Perkins subsidiary and branded it Maxion In
1989, Maxion started to develop a medium speed diesel engine, using an existing engine
platform. In 1994, pressed by a more hostile competitive environment after the reduction of
import barriers, a technology transfer agreement with Rover laid the basis for the
development of “ high speed diesel engines, arelatively new product even in Europe.

As a further consequence of this technology transfer agreement, Maxion established
partnerships with independent R&D ingtitutes specialised in engines technology in Austria
and Germany (AVL, FEV). These institutes are world leaders and carry out science-based
analyses for several engine developers.

In addition, Maxion strengthened

“mirad | | FrsnR&D | | partnerships with black box suppliers of high
Insiitutes | sgence Signbi'e, headquartersy | | teChnology components. They account for a
Links Ling? major share of development costs (around

70%) and their R&D activities are mostly
foreign based. Hence, the S&o Paulo based
R&D unit is a sort of systems integrator

Foreign R&D
Unit with global
responsbilities

Technol . . . .
&Lﬁqiﬁg} ot which works closely together with its main
R . L
ey Tecrrnisgy’¢‘ Foraan component  suppliers  and _ spef_:lallsed
Suppliersand suppliersand | | technology —partners based in different
Buyers Buyers countries (mainly Europe and Brazil).
Figure 6 — Local Technology Integration- IESA International Engines South America

supplies motor vehicle assemblers in Brazil,
Australia, Europe and meinly in the United States. Technology links with buyers (assemblers)
involve testing of prototypes in new vehicles and help to refine product technology during the
final stages of the product development process.

5.3.2 Local Links

Some of the black box suppliers as well as all manufacturing technology suppliers
have R&D laboratories in Brazil. According to industry experts, ‘practicaly all types of
suppliers needed in order to develop new engines are present in Brazil’. In other words,
International Engines is integrated in an established cluster of specialised suppliers. Thisis a
necessary prerequisite for the company’s success since ‘it does not exist any component on
the store shelf’; valves, for instance, need to be adapted to the technical specifications of new
engines. Geographic proximity (Sdo Paulo State) facilitates personal contacts and helps to
speed up product development. Y et, there are a variety of indispensable equipments which are
not available in Brazil and ‘day-to-day business does not leave much time for identifying and
negotiating with new technology partners'.
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Interaction with local universities and research ingstitutes is generally limited to
outsourcing of particular tasks such as tests and analyses. Conjoint R&D, however, is
currently rot being practised. ‘We already did some projects with some leading universities,
but the results were not satisfactory’. According to a R&D manager of the company, problems
of university-industry interaction are rooted in different cultures and time horizons. ‘the
universities are not as agile as we are’. Furthermore, the technological knowledge is regarded
as extremely specific and R& D management believes that local universities smply do not
possess it. With regard to the staff of the R&D centre, an empirical culture, quite remote from
academic milieu seems to prevail: ‘I tried to provide incentives for my staff to get enrolled
into MSc studies, but management did not show any interest in this initiative yet’. But some
changes are under way since Maxion was taken over by International Engines. in 2001 the
Brazil-based R& D centre started to implement a property rights policy.

5.1.5 Implications

We may conclude that International Engines’ Brazilian R&D centre is technologically
quite independent from headquarters and owns even severa unique technological advantages,
since it has been able to adopt best practices in product development from several companies
(Perkins, Rover, International Engines and Maxion).

Being a system integrator, its contribution to the innovation system is quite high,
because the R&D centre articulates world standard demands in component technology and,
thus, forces its local suppliers to upgrade. Regarding other TNC supplier companies,
International Engines provides an argument for them to maintain R&D activities in Brazil
which cannot be taken for granted in times where R&D investments are curbed due to cost
pressures.

However, missing local science links could become an obstacle for the developmental
dynamics of this cluster, as local universities and research institutes remain cut off from
global innovation dynamics in the engine industry.

6.4 Absenceof Local Integration

SpringerCarrier, an air-conditioning manufacturer, obtained its first global
responsibility as a design centre for product platforms of wall-rested air-conditioners at the
end of the 1990s. After heavy cost cuts in 2001, the R&D unit is again on a course of growth
and gained its second global responsibility in 2003 for the development of a split air-
conditioners family. Currently, the Brazil-based unit is the only one in Latin America with
global product development responsibilities and belongs to a small elite of 12 lead design
centres worldwide. Product development is centrally coordinated by headquarters which runs
a 40 globa R&D projects simultaneoudy; two of them were assigned to the Brazilian unit.

54.1 Global Links

Research is highly centralized in the United Technologies Research Centre (UTRC),
located in East Hardford, US. The centre employs around 160 PhDs and hosts the systems and
the components department; while the systems department establishes the generd
specifications each component of a system needs to comply with, the components department
innovates on the basis of these specifications. For instance, research activities are focused on
new materials such as special plastics for highly resistant boxes for air conditioners. Other
completely new technologies focus on revolutionizing energy consumption and
environmental impacts of refrigeration systems. Following technology push logic, UTRC
provides science based input for the 21 design centres in the air-conditioning business.
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Coordinated R&D projects centrally, headquarters is able to identify best practices
among their lead design centres and urges those centres lagging behind to adopt solutions
developed elsewhere in the company. For instance, aproject being presently developed in
Brazil faced difficulties and did not get through a specific gate of the product development
process which is strictly controlled by headquarters. In order to remedy this, the Brazilian lead
design centre contracted consultants from a local university and from the US - and managed
to pass the gate. Today, the improvements made in Brazil have become reference for other
design centres of the TNC.

Indeed, this type of centrally administered worldwide learning promotes the exchange
of technological knowledge among the centres. ‘We used the basis developed in the US, we
improved it and passed it on to others. Thus each lead design centre uses the basis of another
and adds something in order to reach a higher level of technical expertise'.

54.2 Local Links

Local links with host country partners, however, do not impact SpringerCarrier’s
product technology. Most of the parts are provided by local suppliers, but they provide
standardised low technology input; consequently they can be switched easily. Though
relationships with local universities and technology centres exist, they are limited to
outsourcing of particular product development tasks Outsourcing is highly important in order
to raise the efficiency of the product development process and the company would like to
increase the share of outsourced activities. However, this is not possible yet, because there
seems to be alack of adequate partners.

Conjoint research activities are not yet done together with externa partners. A
potential project in electrical engineering exists and also a partner: a local public university
ingtitute headed by a former UTRC researcher who knows the company quite well.
Authorization and funding by headquarters is a necessary condition but not an impediment
any longer, since the firm policy has

changed and tends to favour sourcing et —
scientific and technological knowledge from andR &D Global Network and

. h Institutes Local Stience .0 foreign R&D
low cost countries. So what explains that Sience Linge®” |_instiutes
science links have not yet been created in Links -

Brazil, a low-cost country with considerable
R&D capacity at public universities?

ForeignR&D
Unit with global

responsibilities
One reason is the poor tradition of Local (S
university-industry partnerships in R&D in Tecmology Gr:ogal.‘,’ e
. . Te WOrK an
Brazil as well as the notorious cultural | [ specaizes. s "M roragn
. . . . . iersan li d
divide between industry public universities; ouyers R e

the latter often tend to privilege basic
research  while speed, agility and
applicability counts most in private companies. In this particular case, what seems to be
missing is time to build a working interface between the TNC subsidiary and the local
university since staff is exposed to high performance and time pressures which do not leave
much time for organizing long-term relationships.

According to the director of the design centre, a solution would be contracting a PhD;
however, incentives for contracting PhDs are missing. First of all, he perceives that the market
for PhDs in electrical engineering is quite small. This perception coincides with other studies
which attested that ‘mostly in engineering and other technical disciplines human capital is
scarce (OECD, 2001, p. 31). Second, low wages are not attractive for highly qualified
foreigners to work in Brazil. Third, wages for PhDs are currently not very competitive
compared to university wages taking into account that universities permit researchers to

Figure 7 — No Integration - Springer Carrier
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manage their time much more flexible being exposed to less time pressure. Fourth, the
Brazilian subsidiary does not have a career plan for PhDs.

5.1.6 Implications

In sum, integration with the Brazilian innovation system does practically not exist and
SpringerCarrier seemsto train more human capital for the market than the market is providing
for them. So, what does explain the global role of the Brazilian centre?

The answer may be found in a favourable competitive position of the Brazilian centre
compared to many of its 20 sister design centres. The lead design centres of Carrier
Corporation compete for resources and project alocations. The technological capabilities and
R&D infra-structure of competing centres are quite similar and projects are allocated to high
performers in costs, lead time and quality. Sometimes, cost and time targets are very
ambitious and going for projects requires strong entrepreneurial spirit. The Brazilian centre
has strong cost advantages compared to its internal competitors in Korea, France, Italy, etc.
For instance, cost advantages in Brazil have aready permitted to attract projects from Italy
and headquarters is currently evaluating the possibility to transfer even more projects from
higher cost locations to the Brazilian centre.

In addition, the global responsibility isalso based on internal technological know-how,
which is tacit and therefore not easy to be transferred from one site to ancther. ‘The
standardised global product development process only says what to do, but it does not say
how' . Other sites probably will face difficulties in catching up with the Brazilian centre as far
as technical knowledge is concerned, since the Brazilian engineers have accumulated more
years of product development experience and now possess a solid stock of tacit knowledge.

However, these advantages will probably be challenged within a few years by China
and India-based design centres, since both countries have low cost advantages competitive
university research and highly qualified staff, some of them PhDs: it is ‘much easier to find
highly qualified staff in China than in Brazil’ and interaction between universities and
companies is also much stronger there. The director of the Brazilian centre felt ‘excited when
seeing such well-equipped university laboratories on a recent visit to China As a
consequence of this, headquarters is currently enhancing R&D capabilitiesin China which
reflects the rising strategic importance of the latter country within the TNC. In other words,
the missing integration between the design centre and the Brazilian innovation system may
become an obstacle to its future devel opment.

7 Conclusons

As the four case examples suggest, there is some evidence for our argument stated in the
introduction: contrary to what can be concluded from previous research, R&D centres with
global roles in product development do not necessarily possess technology or science related
cooperative links with host country partners be it buyers, supplier, research institutes or
universities. Other factors such as tax incentives, cost advantages and accumulated tacit or
technical knowledge within the subsidiary seem to explain global roles in those cases where
local links are absent. Hence, subsidiaries with global roles may well constitute ‘islands of
excellence and not necessarily contribute to the host country innovation system via
interactive learning processes and the exchange of different kinds of knowledge. This finding
is distinct from previous researchand seems to suggest an answer to our research question of
whether TNC subsidiaries contribute to host country innovation systems: they may, but the
extent of their contribution depends on the strength of their technology and science related
links with local and global partner organisations.
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However, this analysis focused cooperative links and thus ignores other forms of direct
interaction with host country partners. As signalled before, outsourcing of R&D related work
has gained more and more importance since it helps companies to keep headcounts low and to
respond more flexibly to market or technological uncertainty while maintaining innovation
capacities. For this reason, many TNC subsidiaries tend to outsource routine analyses,
prototyping and testing activities of new product development projects and keep concept
development and design activities in-house. Some TNC subsidiaries such as the
telecommunications unit of Siemens even contract design and concept development from
external partners .

These types of outsourcing links have become possible because of a solid laboratory
infra-structure and qualified staff in Brazilian research institutes and universities. They benefit
obtaining access to external financial resources to cover their laboratory expanses and by
being exposed to highly demanding quality and time-to- market requirements. Thus, TNCs can
take advantage of loca S&T infra-structure but without getting involved in cooperative R&D
links. Apparently, innovation surveys, such as PINTEC, do not seem to fully take account of
this type of link.

Essentially, since TNC subsidiaries may interact with one or more innovation systems
to different degrees, they may also function as a feedback-mechanism regarding the host
country innovation system. If a TNC subsidiary with a global role in product development is
only loosely or not at al linked to the host country innovation system, then this might be an
indication of a system failure or a gap in the system: a highly competitive R&D unit might not
find adequate counterparts in its host country innovation system and therefore abstain from
building linkages.

These considerations should suffice in order to show that Science and Technology policy
needs to target distinct groups of TNC subsidiaries according to the type and strength of links
they aready maintain with local partner organisations taking into account the characteristics
of the underlying technologies. Subsidiaries with strong technology and science links should
be invited to diffuse their best practises giving them a frontrunner role in the process of
improving the innovation system In addition, specific policy mechanisms should strengthen
R&D centres technology and science links in order to increase the benefits of TNC
subsidiaries for host country innovation systems in the long run. In this context, more
attention should be paid to the potential of outsourcing as a mechanism to promote innovation
dynamics. Some countries have already implemented policies to strengthen links between
domestic and foreign owned firms — an example is the ‘National Linkage Programme’ in
Ireland, a country which has also relied on TNC subsidiaries in order to spur economic and
technological development.
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