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8.1 From manufacturing to services: a one-way street fannovation?

As the economic dependence on service grows aéxpense of agriculture and manufacturing,
especially in advanced industrial economies, Cluesllr (2011) argues that approaches to
innovation must change. He suggests that treatimegyebusiness as a service is the best way of
dealing with the commoditization of products ane tift of production to low-wage locations
(emerging economies). “The route to prosperityddvanced companies and advanced economies
lies in services and rethinking business to innewatd build them.” (p.2) Chesbrough calls on
innovators to work with producers and suppliers emdtreate with customers the range of services
they seek.

Chesbrough’s general argument about the importaficgervices is evident in Cusumano et al
(2006) who extend the product-process life cyclelehdy proposing a service life-cycle model. In
the service life-cycle model, firms differentiateeimselves in markets characterized by product
commoditization by seeking revenues from the safeservices, or products sold with services.
This shift in the source of revenues for firms nmakproducts often demands capabilities, such as
consulting or systems integration, which differ nfraraditional production activity. Cusumano
(2008) applies this framework to the informatiord aommunications technology (ICT) industry
and shows that services increasingly provide thnegortant sources of revenue for software
producers: through new customers, new delivery iisagled new revenue models.

Whereas Chesbrough posits a division of labor ircviirms in advanced economies innovate by
providing services, even as emerging economiesrtaigeproduction, Cusumano does not specify
any spatial division of labor in the shift towardndces in the ICT industry. But, in the ICT
industry, the spatial division of labor has depdrtem Chesbrough’s model as the Indian case
attests. The Indian software services industry gesvry year from 1985-86 to 2008-09, from
US$81 million in 1985-86 to US$58.7 billion, withame than three-fourths of those revenues
coming from exports.Along the way, India also became the world’s latgexporter of software
services: As Section 3 describes, this growth happenedeamtustry in India integrated itself into
global markets, initially by offering custom softi@adevelopment before moving to technology
support and consulting. The early competitive athg@ of the industry in India came from
relatively low cost but skilled labdrBut the fortunes of the industry are no longed tie low
wages and India is increasingly a location for iative activity? This evolution of the ICT service
industry in India raises the following questionmhdoes entry into Global Production Networks
(GPNSs) on the basis of services evolve to a pasiticdGlobal Innovation Networks (GINs)?

! www.nasscom.in

2 http://web.worldbank.org/WBSITE/EXTERNAL/NEWS/0, juentMDK:22151486~menuPK:34463 ~pagePK:34370
~piPK:34424~theSitePK:4607,00.hjml

® One indicator of skills availability is the annualitput of graduates with a Bachelor's degree inir@@ging. This
outpur grew from 247 at the time of independenc&d47 to 237,000 in 2006 (Banerjee and Muley 2009:Be figure

for the US in 2006 was 104,200id.:31).

4 By 2006-07, R&D services accounted for 15.7% ofidtedICT service exports_(www.nasscon).iMore broadly,
India claimed half the R&D projects destined to &Bacific in 2005 (IBM-BLI 2006). There is also hifs in
perception: about 29 percent of respondents tanaegy the World Investment Report 2005 identifledia as the
third most attractive R&D location, after China ahd US (UNCTAD, 2005).
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8.2 Seeking an explanation for the Indian ICT servicesdustry

The literature on the geography of innovation higjts the importance of understanding demand
side forces instead of placing the burden of th@amation entirely on supply-side forces such as
skilled labor. As Storper (2009) points out, inntbva tends to agglomerate in specific

“geographical contexts”. Explanations for agglomierainclude the drive to minimize the costs

associated with non-routine transactions that dtarae the development of new products and
services (Scott, 1988), to gain access to the kaawledge (Gertler, 2003), and the networks of
trust that are critical to such development (Saxenil994). Akin to co-creation, a long-standing
literature has emphasized producer-user interag¢tiandvall, 1988) and user-led innovation (von

Hippel, 2005). Consequently, most inter-firm innbea takes place among domestic firms for
products and services targeted at their own homeketsa (Hakansson, 1989). In the case of
software, Egan (1997) shows how the US packagdwaa industry has drifted away from regions
where the computer manufacturing industry is domiirta regions with a concentration of the

leading firms in user industries.

To examine the role of demand in the transformatibthe ICT industry in India, this essay will
examine the changing division of labor of the I@illustry. Figure 1 shows how the technology
architecture of contemporary ICTs can be understsod series of horizontal layers. The lower the
layer, its “world view” will more likely be limitedas it is built on an intimate knowledge of
hardware platforms such as computers or commuaitathannels. Conversely, higher layers are
less dependent on the hardware and more conceritledistails native to the application because
the lower layers give them that freedom. The aechitre has two roles. It not only influences the
technical attributes of a system, but also givésllgctual control by:

“....allowing us to substitute the complex with a gskinteracting pieces, each one of

which is substantially simpler than the whole. Pnedent partitioning of a whole into parts is what
allows groups of people - often groups of peopleasated by organizational, geographical, and
even temporal boundaries - to work cooperatively mroductively together to solve a much larger
problem than any of them would be capable of iriigily. It's “divide and conquer” followed by
“mind your own business” - that is, each part carbbilt knowing very little about the other parts -
resulting in ‘& pluribus unum (Bachmann et al, 2000:1).

This layering will provide the framework to undenstl the activities of four firms with a presence
in India - Infosys, Cisco, Nokia Siemens NetworkkSN), and Siemens. As Figure 1 shows, each
of these firms occupies different layers. Sectibns 7 of this paper will describe how, despitarthe
different product and service offerings, commonthese firms is the effort to stretch their
capabilities to reach the customer directly, thgriekegrating India into GINSs.
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The effort to reach the customer will be explaireed an outcome of two forces that India’s
technological capability and service industry hidslen on. The first is the changing approach to
technological adoption. Following the inventiontbé microprocessor in 1972, the availability of
increasingly more powerful and inexpensive hardwiirggered the personal computer (PC),
networking, and the internet revolutions in the @97he 1980s and the 1990s respectively. While
early adopters of these general purpose technaldgid an opportunity to rework their business to
gain competitive advantage, the increasing affatitialand accessibility of technology made the
deployment of ICTs just another aspect of doingiress and a prerequisite to compete in the
market (Carr, 2004). As ubiquitous technology miaxdermation availability less of an issue, what
differentiated users was not the adoption of I@€&s sebut the organizational means of adopting
technology. This required the producers of ICT®d@omore sensitive to user and customer needs,
which typically vary by domain and geography. Tlagegr will use the Infosys and Cisco cases to
understand how they work in India to meet the nedéasistomers.

Second, with a demographic shift in advanced inéstconomies and demand saturation, other
markets, especially the estimated four billion eomers with the lowest incomes at the ‘bottom-of-
the-pyramid’ (BoP), are becoming attractive (PralaR006). The BoP is a potentially vast and yet
largely untapped market, as the majority owns f@msamer products. But there are challenges
when entering the unfamiliar operating conditionsthis market as infrastructural inadequacies,
socio-cultural diversity, and affordability, meamat existing metrics for ‘lead’ users do not work.
Consequently, needs are hard to identify, and tolgical solutions difficult to conceive, for
researchers in the affluent world. In this regandja’s size, a hard-to-match economic and social
diversity which translates into diversity in thentnd for products and services, and the availgbilit
of technical skills, make the country a unique taoafor research and development (R&D) as the
NSN and Siemens cases will describe.

After explaining how and why productidrom India is giving way to innovatiom India, the paper
will close by reflecting on the Indian case. Intpadar, the concluding section will discuss the
changing organizational logic and structure of &rmith the globalization of innovation, and the
shifting knowledge flows as they become part of metworks.

8.3 The entry of India into the GPNs of ICT services

Until the 1980s, the Indian ICT industry functionedhin the confines of an autarkic, public-sector
enterprise dominated, import-substitution led indabzation (ISI) model that was inimical to
innovation. The highlight of the period was the @mment of India (Gol) forcing IBM to shut its
operations (Grieco 1984). Following IBM’s departutbe initiatives by many of its former
employees created a domestic software industityamptivate sector (Subramanian 1992).

Meanwhile, an independent global software indugtew following IBM’s decision in 1969 to sell
software separately instead of bundling it withdveare (Campbell-Kelly, 2003). The decision was
crucial as it gave customers the option of buyihgirt software and hardware from different
vendors since IBM, at that time, commanded twaodthiof the world’s computer market.
Subsequently, the technological revolutions sifoe 1970s led to a proliferation of computer
usage, creating a huge demand for software. Howewofiware production is craft-like and labor
intensive, relying on trial and error to achievegoals, and is plagued by uneven productivity and
quality (Brooks 1995). The absence of any ‘silvalidi’ to overcome this ‘software bottleneck’,
and the inability of software producers in advaneambnomies to deploy enough software
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professionals to work at relatively low wages, tedaopportunities for countries like India
(Parthasarathy, 2000).

The demand for skilled labor coincided with a sutige policy environment in the 1980s. Two key
initiatives were the Computer Policy of November849 and the Computer Software Export,
Development and Training Policy of December 198@b¢(@manian, 1992). The 1984 policy gave
the software industry various incentives and maafevare exports a priority. The 1986 policy
aimed at increasing India’s share of world softwaneduction by giving the industry independence,
with the government stepping in to only providerastructure and to play a promotional role.
Overall, this policy was an explicit rejection &lland the ideology of self-reliance in the softavar
sector.

Despite the initiatives, exporting in this phaspidglly involved little more than bodyshopping, or
the practice of providing inexpensive on-site (@ecustomer locations overseas) labor on an hourly
basis, for low value-added programming serviceh ag coding and testing. The drawback with
this practice was an underutilization of the skilswell-trained professionals, many of whom
tended to quit seeking technically more challengamgl better paying jobs once sent overseas
(Heeks, 1996). The high turnover only reinforced tendency of Indian firms to compete on the
basis of low costs rather than being able to faltkoon a repository of technical and managerial
expertise acquired from previous projects.

To overcome this problem, the Gol established thigw@&re Technology Parks (STPs) in 1990 as
export zones dedicated to the software industfgriofy data communication facilities which firms
that use to offer offshore services, i.e. servimgvigion from India, instead of having to work at
customer sites overseafm 1991, the year after the STPs were establisthede was a major shift
in economic policies, including devaluation of thHeupee, trade liberalization and duty
rationalization, openness to foreign investment annew industrial policy that removed entry
barriers for new firms, a process that is still emvaay®

The shift to offshore services in a more liberabremmic environment marked the beginning of a
new relationship between the Indian software inguatd global marketSReinforcing the policies
initiatives since 1984 that facilitated the newatenship, was the serendipitous benefits conferred
by the availability of a labor pool familiar withe operating system Unix. As Unix had a profound
impact on almost every commercial operating sysseme it was first developed in 1969 (Salus,
1994), Indian programmers entered the 1990s irsdipo of special advantage (Udell, 1993).

It was against the backdrop of such conscioustsford unforeseen benefits that STPs transformed
the industry in the 1990s, and the share of ofistsa@rvices in software exports increased from 5%
in 1990 to 38.62% in 2000-2001 (Parthasarathy, P086ftware factories emerged in India, with
the infrastructure, technology, quality processa®ductivity tools, and methodologies of the
customer workplace. According to Arora and Asurkd99), acquiring industry-accepted quality
certification norms and an on-going commitment t@ldy, is a means to get bigger projects and

®For details of all the benefits offered by STPsjtwivww.stpi.soft.net

®For details of these policy changes, see Achar§a2Pand the essays in Oman (1996).

" According to NASSCOM (www.nasscom.in), the sharsaftware in Indian exports grew from 1.9% in 19985 to
24.6% in 2006-2007. Rising software exports aldpdt increase India’s share of world exports fro®e0 to 1.1%
between 1985 and 2005. See http://indiabudgenfes?2007-08/chapt2008/tab75.pdf

Page 166 of 300



OWINE,

B

% D10.1: Comprehensive research papers on “Global lrovation Networks:
‘ challenges and opportunities for policy”

more profitable turnkey contract€btaining turnkey contracts forces firms to depetmbstantial
management skills, as they have to coordinate @mwihge of tasks than just programming, and
take responsibility for the overall project schegubuality and productivity, in contrast to
bodyshopping, which is little more than resumeisgll

Not only did some Indian firms get better work attbr rates, but they also began to move away
from competing on hour-based productivity to irgetbal property (IP) rights based productivity,
by converting knowledge gained from custom projects domains, such as banking or
telecommunications, to a customizable generic mbdélor customers with similar needs. Apart
from the shift to offshore services by large Indiams, the liberal economic climate of the 1990s
also witnessed an influx of multinational corpasas (MNCSs), including IBM’s return, to establish
offshore development centers (ODCs). The ODCs algg®td on the communications infrastructure
at the STPs and on Indian skills.

Despite the transformations in the Indian softwseerices industry in the 1990s, the dominance of
exports indicated that most firms addressed overseakets and their ties were to customers and
other firms in the main market. As a result, theees little interaction among firms locally, thereby
limiting innovation. Confidentiality clauses in et contracts typically limited the ability of Irain
firms to subcontract work locally. As for MNC ODCalthough many were developing new
products and technologies for their parent bodiesy were often reluctant to share proprietary
technologies and had almost no local ties.

The turn of the millennium, however, led to a qiadive transformation in the activities of firms in
India. Facilitating this shift, ironically, was tlggobal slump in demand for ICT products following
over-investment in the 1998sDespite this slump the Indian software industryd axports
continued to grow after 2001. Enabling the grow#revthe efforts by firms worldwide to control
costs by outsourcing, not just software but evengtHirom R&D services at one end of the skill
spectrum to business processes such as voice-baseiner support centers (call-centers) at the
other (Srinivas and Jayashankar 2002). Another lenalas a deepening of the labor market.
Following the global demand slump, NASSCOM estimdkat approximately 35,000 professionals
returned to India, mostly from the US (Singh 2003J).the returnees, an estimated 10%-15% had
been abroad for at least 10 years. How these fattor to the integration of firms in India into
GINs is explored in the four case studies.

8.4 Infosys: from services to Infosys labs

Founded with US$250 in 1981 by seven peopifgsys grew to a US$4.8 billion firm in 2009-
2010, employing 113,796 employees mostly offeringtem software development, maintenance,
re-engineeringIT infrastructure serviceand business process outsourcihBut, since the 1990s,
Infosys has faced the growth pressures of a sadtwarvices firm that deployed labor intensive

® The norms include the as the 1SO-9001/9000-3 stdsdarescribed by the International Standards Qrg#an, and
the Software Engineering Institute’s five-level @hpity Maturity Model (SEI-CMM), to codify qualityprocedures in
the development process.

° For instance, in the US, spending on IT, after gngvby 16% in 2000, fell by 6% in 200E¢onomist2002) and, in
aggregate terms, technology spending declined freanly 5% of GDP in 2000 to about 4% by 20B8¢nomis2003).
owww.infosys.com.
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processes in mature technologies and markeis. client-server technologies gave way to internet
technologies, customers began to ask, ‘how do werdge these technologies’ instead of saying,
‘this is what we were doing, help us doing thisi.dther words, while technology was available to
anybody, the critical issue was how best to exptoifs a firm that is in the business of helping
customers exploit technology, believing that “temlogy is not the only differentiator, but
technology is the key differentiator”, Infosys hadidentify emerging technologies, select the ones
with promise, and devise innovative applicationghafse technologies for customers. Thus, there
was a need to prepare for customers and their xdowith the necessary IP i.e., instead of being a
“reactive problem solver”, the firm had to be adactive problem definer.” It was such reasoning
that led to Infosys Labs being established in 2G00focus on market creation based on new
technologies, instead of delivering products anglises with existing technologies like other parts
of Infosys. Infosys Labs aims to make itself argral part of the service chain that firms depend t
run more efficiently and to deploy new products aadrices.

There are three aspects to Infosys Labs’ workintty wustomers to help them reinvent themselves
and stay competitive. One aspect is building ‘tommwis enterprise’, which is about the changes
that organizations should make they decide on thteategies. The second aspect is operations,
where Infosys Labs ensures the process efficienicysay, Business Process Outsourcing
organizations, by linking business goals, predetivodels and day-to-day activities with real time
datal? The third aspect is innovation to help clientsalep offerings with their customers in mind.
This is not merely

“....about the clients deciding okay, these are ttoglpcts | want to do, [or] in case of an IT
organization, they might just decide, ‘this is dndystem | want....and you help me with
that,’....that's what was called development. Buslof R&D companies, when they decide
on a new product and want to take it to the marketay, ‘I have decided to build this
product, help me with that.” We call it product eregring.”

The technological underpinnings of product engimgeat SETLabs are cloud computing, mobility,
and business analytics. These provide a horizdotahdation (middleware) on which diverse
domains such as banking, insurance, retail, matwrfag, and healthcare, can erect their layers.
For instance, mobile bankitigsolutions are built on top of the platform mCormechich is a
context-aware, real-time enterprise middleware thaables mobile services for websites and
eCommerce platforn®$. The idea is that customers from domains such mkifg should not spend
their resources looking at mobility; rather, theg aetter off devising ways to exploit mobility in
their business. While Infosys Labs provides théntetogy foundation, it works with consultants
from the industry business units of Infosys for damexpertise.

In its efforts to build “tomorrow’s enterpriseshfbsys Labs has increasingly relied on the concept
of “co-creation”, whose premise is that “innovatignno longer possible within the four walls” of
any organization but lies at the intersection dfcutlines, technologies, domains, markets, and

1 Unless otherwise mentioned, this section draws frderviews with Subrahmanyam Goparaju, Vice Persidnd
Head, Infosys Labs and Manish Srivastava, Prindpahitect, Microsoft Technologies, Infosys Labsrigalore 26
July 2010.

2 hitp://www.infosys.com/investors/reports-filingsfaral-report/annual/Documents/Infosys-AR-10.pdf

2 http://www.infosys.com/finacle/solutions/solutionmbile-bank-in-a-box.asp

“ http://www.infosys.com/offerings/products-and-fidans/mconnect/pges/index.aspx
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people.’® As part of the co-creation process, Infosys Lalnssrworkshops with customers to
identify problems of interest, and to seek out ma&tatives and product ideas. In other words,

"People actually see us as partners in innovation@e and more conversation are about
innovations. How do | innovate, where can | innevetc., etc..”

Although a majority of the 600 people with Infodyabs are in India, in Bangalore, Hyderabad, and
Pune, up to 25% of its staff is typically travelitg interact with clients on select projects that
Infosys undertakes. The interaction is to undetstdre market and the issues that clients face,
especially when doing something for the first tiraed to identify possibilities for IP generation.

Co-creation is not merely a relationship betweedodys Labs and the client, because it is often
difficult to meet all the needs of a customer. Thuss also about

“...working with a lot of universities, research imstes and consortia to identify the right
kind of problems of relevance to organization andiety. We work with other technology

partners, whether it is large platform players malk companies, [on] problems of relevance
in the context of business....around exploiting I@Ve are participating in several research
consortia. For instance, we are driving somethiaéed the Indo-UK Advanced Technology

Center [IU-ATC], a consortium where BT is the leadustry partner of their side, we are the
lead industry partner from this side, and then ehare universities on both sides. This
consortium is looking at next generation networKs.”

Working in consortia helps address challengesngineering terms,

“....you can actually solve a problem only by combgimultiple technologies. There may be
a core technology no doubt, but there will be aofogénabling things. Innovative applications
and innovatively combining those things is a platere we actually add a lot of value.”

But what perhaps characterizes co-creation is #&egtral relationship that has no templateato
priori define the roles of partners. Instead, roles beised to the effort have to decided upon only
after all the partners have had a say. This islzahdeparture from outsourcing where a customer
could say

“if you don’t want to do it....we will be giving ito somebody else.” You need those partners,
in order to fulfill all his needs and in the ecdsys if somebody doesn’t do well, it will have
a larger impact on you also. Earlier, for exampleekeded to be able integrate all my
applications internally with speed. Then it camaniegrating applications across partners,
again lot of them one to one and, in this processampany has been integrated with another
company’s process. [But] today we are talking abecmsystem integration. It should be
dynamically possible....and we as a company shouloréeared for this....It is the trend that
we need to see at Infosys Labs. We should be bgildur capabilities so that our company
can actually play in the change model. That's tie model.”

5 http://www.infosys.com/innovation-co-creation/pafijedex.aspx

* The IU-ATC brings together universities, industrgrtners and SMEs in both countries. The init@ataims to
establish Next Generation Networks, Systems andicsy; which will put in place the support infragtture to enable
the Digital Economy of both countries, especiatlydomains such as education, entertainment anthh&alr details,
see_http://www.iu-atc.com/
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8.5 Cisco: globalization Center East

Cisco first came to India in 1995 to establish@esentative office to provide data communications
solutions to customer3.In 1999, the firm established a Global Engineefimyelopment Center in
Bangalore with an investment of US$20 million tovelep and test Cisco I0S(R) software,
network management software, application specifitegrated circuits (ASICs), and other
technologies like VOIP (voice over internet prot)c This Center was in addition to the joint
development centers established in partnership Wighro Technologies and Infosys Technologies
in Bangalore; HCL Technologies in Chennai, and Zeriechnologies in Pune. For Cisco, like
most MNCs, India was, aside from being a markspwce of “engineering and talent” to develop
its products:

“But, over a period of time, the company realizkd importance of moving into other parts
of the world. The market of the future is goingo® this part of the world. Realizing that the
markets are going to grow, in China, Brazil, Indiad other emerging economies, it was
important to then start looking into creating protdy and services that were relevant to those
markets. Also, Cisco had been present in all tkesatries so there was definitely a sense of
where the differences and gaps were, and whergahsitions were taking place. How we are
going to respond to these opportunities? Then 4syago, we realized it was important to be
in these markets, to understand what the markeidaok what the customers needed and what
would work for them. So | would think much of theepsure for globalization came from the
customer and market, more than anything else.”

As the idea of a global Cisco evolved, CEO Johnnli&xs announced an investment of US$1.1
billion in India over three years during a visitltalia in October 2008’ Of this, US$750 million
was for R&D, training, staffing and development; $1S0 million was to provide leasing and
financial solutions to customers and partners; W8%illion was venture capital directed at Indian
start-ups; and US$100 million was for customer suppperations including establishing spare
parts depots and channel development. Accordif@htombers,

“Cisco chose India as the location from which tpaxd its globalization vision because India
has a highly skilled workforce, supportive govermmeénnovative customers and world-class
partners that already have global capabilitf@s.”

Central to the “globalization vision” of Cisco ia affort to redefine itself as a provider of protiuc
and services of relevance to various markets byidga on its strengths in networking
technologies. Emblematic of this shift is the proimmo of Smart+Connected Communities, a
territorial concept that integrates various infrastural and social functions:

“The foundation for the city of the future will hbe network and the information it carries,
enabling the delivery of vital services from traogption utilities and security to

entertainment, education, and healthcare. Evenrythiii be connected, intelligent, and green:
from office buildings and appliances to hospitaigl @chools. Citizens and businesses will

7 Unless otherwise mentioned, this section drawsroimeerview with Susheela Venkataraman, Managing®or,
Internet Business Solutions Group, Bangalore, 3p204.0.

18 http://newsroom.cisco.com/dlls/fspnisapi997f.html

© http://newsroom.cisco.com/dlls/global/asiapac/n@&@8b/pr 10-19b.html

2 http://newsroom.cisco.com/dlls/global/asiapac/n@@86/pr 12-06c.html
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enjoy unprecedented levels of collaboration, prdagitg, and economic growth without
compromising the environment. Managing and opegagirch a smart, connected community
will be efficient, coordinated, and secufd.”

The provision of such services on an open-architecplatform requires partnerships with both
domain experts and systems integrators to tie hegeustomer needs.

Typical of such relationships is Cisco’s allianc&hwChennai-based Apollo Hospitals, Asia's
largest health care provider, to deliver healtredar rural Raichur district, Karnataka, with the
Cisco HealthPresent® Extended Reach technolagyhe technology uses high definition audio
and video to facilitate end—to-end telemedicine aechote diagnostic€. Similarly, Cisco is
working with Hindustan Construction Company whishdeveloping Lavasa, a 12500 acre “live,
work, play” city about a three hour drive from Muaib® A third partner, Wipro, will use Cisco’s
platform to design the infrastructure for telecoanveces for governance, and to provide solutions,
such as integrated building management systemssiqathysecurity requirements and other on-
demand services, for resident and visitors. Thesterships also travel internationally. A case in
point is Cisco offering Telepresence, a technoltwt provides high-definition audio and video
conferencing facilities, allowing participants toeet their colleagues, customers and business
partners across a virtual table, to the Westin do&apd other hotels belonging to the Starwood
Hotels and Resorts grodpThis offering is made using the networks of Tatarhunications.

The physical center of Cisco’s expansion in Indesva new US$50 million, million square foot
campus in Bangalore to house 3000 emplofeékhe new facility was designated as Cisco
Globalization Center East in December 2006 andeseas a “mirror site” to many headquarters
functions including R&D, IT, sales and customer @up, and finance. The 12.5 hour time
difference between San Jose and India alloweditivetdb be run 12 hours out of the US and 12
hours in India. In other words, Bangalore is noglemonly a place for software development or
engineering. It provides every other function ag paa global team, participating in global work.
In the words of Chief Technology Officer PadmasWarrier, “The Globalization Center in
Bangalore is not a center for [the] India markieis & center for global market&”

Cisco East was established under Wim Elfrink, tha’s first Chief Globalization Officer. Elfrink
has been based in India since 2007 and reportshto Ghambers. In addition to his corporate role,
Elfrink chaired the CIll (Confederation of Indiandumstry) Steering Committee on Intelligent
Urbanization, which in May 2010 recommended a Fraonk for Sustainable Urbanization for
India. A number of senior executives moved from 3ase with Elfrink and, while many have since
returned, others have come to take their placeatifiy the original intent of using Bangalore to
offer an exposure to what doing business in newkataris about. In this regard, geography also
played a role as India is about a five hour fligletoss a region covering a good portion of the
firm’s future market.

2 http://www.cisco.com/web/strategy/docs/scc/09CS2BEBC_BrochureForWest r3 112409.pdf

2 http://newsroom.cisco.com/dlls/2010/prod_050710blPsid=BAC-JsSynd

z  http://newsroom.cisco.com/dlls/2010/prod _070710lP¢id=BAC-JsSynd The Lavasa project has become
controversial following allegations that due proaex for land acquisition and environmental cleaesnevere not
followed. http://www.indianexpress.com/news/builghblocks-before-hill-city/725830/@8ut this controversy will not
affect the analysis of this essay.

2 http://newsroom.cisco.com/dlls/2011/prod _012811lPsm=BAC-JsSynd

% http://newsroom.cisco.com/dlis/global/asiapac/n@@8b/pr_10-21.html

% http://www.forbes.com/2010/01/26/forbes-india-padnea-warrior-cto-cisco-tech-with-business.html
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8.6 Nokia Siemens Networks (NSN): formally (un)acknowldged R&D in
Bangalore

Siemens Network Services (SNS, which subsequerttgrine NSN) originally came to India in the
1990s to take advantage of the low cost and theepgon that software could be more easily
developed in India than in other countrfésret, while Siemens has been associated with India
since 1922, SNS was testing the waters since leogineers lacked domain knowledge in
telecommunications. Further, as a strongly proeesnted firm, it was uncertain about how to
control software development that it was undertgior the first time outside Europe. Thus,

“for the first four to five years we focused mairdy Microsoft based software. In India we
were not touching anything but pure software....whiabuldn’t harm our core business. It
was mainly our Element Management Systems and NktWlanagement Systems which are
all software, which ran on Microsoft's technologyhat’s all - nothing more happened, a lot
of people were brought in to work on software textbgies.”

During the dotcom bust, cost pressures and a hiregge led to questions about why low cost
locations, instead of working on applications alotmuld also not work on core technologies that
contributed significantly to revenues. Since ca@hhologies had, until then, not been designed and
engineered outside Western Europe (in the casa\N&),St was considered risky. Nevertheless,
many managers were willing to move of at leastgafttechnologies elsewhere because India not
only had the technical skills, but there were aismue market demands.

Two examples illustrate this point. First, licendes telecommunications service provision are
offered on a state-by-state basis in contrast eontitional licenses in European countries. Thus, a
user moving from one state to another has to paynimng charges, which requires certain billing
procedures. Two, Indian service providers not ooffer low cost services, but also low
denominations recharges for prepaid accounts. Hemvélwe more the number of calls that can be
made for a fixed amount, and the lower the denomans for which prepaid recharges are
available, the greater the demands on the systquirireg not just the customization of equipment
designed elsewhere, but an ability to architectaalyct in a manner that the European operations
could not do from a distance.

By 2003-04, SNS India demonstrated its capabilisieficiently that global product management

teams began to push innovation to India. India masalone in this regard; China and Poland were
also a part of the shift that was taking place mcl Europe retained only product management,
business management and some high level archijed®iroject development for a global market

meant that the process was no longer confinedeédawation. As a result, instead of being confined
to managing teams of 15 to 30, managers in Indietbhananage teams of 250-300 some of whom
were based locally, with the rest in different coigs.

The ability to manage projects, and growing loehdnd, led to product and program management
responsibilities. While project managers are tréai® cost centers, a product manager is a business
‘owner’ who provides a vision for products and esponsible for the profitability of the business.

27Unless otherwise mentioned, this section drawsmoimtgrview with A Ravikiran, Head of Value Addedr8ices, and
Communication & Entertainment Solutions, Nokia Sé&rs Networks, Bangalore, 21 July 2010.
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Product management requires a person who, withuptoarchitects and R&D capabilities, can

translate the visions into a tangible product. Gngwproduct development from 2005 led to growth

in local R&D and an emphasis on developing IP. getting employees to move beyond writing

software to develop a product or being a techregglert was a challenge. Incentives were offered
and they made

“....a very big difference for us....lots of enginearsre given bonuses and rewards....| mean
getting an IPR was becoming a prestigious thinthexcompany so it was a culture shift and
when that happened.... we have been....finding loP&f filing from this location.”

In addition, Siemens held workshops for employeearnderstand how an idea could become IP.
The company also established an office for IP imd2dore to help with the legal process. These
initiatives led employees to think about ideas thaght be valuable in India and elsewhere. After a
couple of ideas made it to the market, and thosengioning them gained visibility, there was a
sense that Bangalore as a location could “do it”.

Following Siemens’ decision to exit the telecomneations business, and the formation of NSN on
1 April 2007, the new firm was built largely wittepple from SNS since SNS tended to do most
things in house. By contrast, Nokia, which provided management for NSN, preferred to either
work with partners. R&D was no exception to thigerurhus, NSN has pursued a strategy that
which has placed “....more importance on the busiresgect and customer ....more on the
development aspect but not on the R part”. Oneore&isis been the difficulty of finding enough
people with the right skills for emerging technoksg

“....on certain key technologies we don't get pedpee and if | wanted to do something on
Wimax or TDLT or LTE | wouldn’t find anybody heré.have to train a lot of people on

technology and then they start learning..... In Chirgaare able to find a lot of them....Itis a
pretty big industry there, so China promotes thesbnologies and they want people....We
are not promoting any of these. | mean India, iectam, if you look around the industry even
you don't find anybody talking about LTE, hardlyy&ody talking about LTE even if you go

to university. | will not find anybody talking to emabout LTE but in China we do find that.”

To overcome this problem, NSN has started to paudneversities such as the Indian Institute of
Science in Bangalore and Anna University in ChenbDaspite these issues, the R&D group in
Bangalore employs 2500, a number which will doublts local subcontractors are also taken into
account® Its size notwithstanding, the Bangalore R&D cerigenot a legal entity and finds no
mention on the NSN website. The R&D center is aetthat is home to research groups of various
product teams. Overseeing the center are four gwands, reflecting the matrix structure of NSN.

The firm has however, been more accepting of thgration of product and business management
to India, a market “where more things were happgmrthe last ten years than in any other country
in telecom”. On one hand, India has the world’soseclargest mobile subscriber base, which is
growing® On the other, the average monthly revenue per ims@008 was only US$6.50, in
comparison with the European average of US$36. i¥éte operating margins of Indian telecom
service providers compare favorably with thosehafirt western counterparts, it is because of the
innovative, low-cost “Indian model” of telecom see provision. The embodiment of this model is

2 http://www.lightreading.com/document.asp?doc_id=PR&f src=lightreading_node 2292
#The rest of this paragraph is drawn from the Ecdeb(@009) unless otherwise mentioned.
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Bharti Telecom, to which NSN has been a providemahaged servicé§.In this arrangement, the
service provider focuses only on promoting teleceenvices to the end customer, leaving the
design, management, and maintenance of the networndors such as NSN who are paid on the
basis of the traffic handled and performance amdeeindicators.

Since the managed services model was pioneerenddin, Ithe firm shifted its headquarters for
global business services from Munich in GermanyNtnda, in the National Capital Region in
20083 Managed services now accounts for about half dfi'd8evenues as the model has traveled
beyond Indi&? Catering to global services is the Global Netw&dutions Center (GNSC) in
Chennai which offers solutions ranging from “busseonsulting and network design to network
delivery and integration.... to enable full end-tadesolution capabilities in multi-technology and
multi-vendor environments’® Besides Chennai, which is the hub for NSN's openat centers
across the world, GNSCs can also be found in Naitthin Lisbon, Portugal, and two more are
being established in Brazil and in Russia. At thd ef 2010, NSN employed 15,000 in India (of
the 60,000 employed worldwide) with a third of teoBcused on global functions. As the
headquarters for global services, as home to tw&Gs\l as the site for the largest share of its R&D
employees, and with manufacturing facilities in @& and in Kolkata, “India is the most critical
piece in the puzzle for NSN because we now havhaltompetence.”

8.7 Siemens: Corporate Research Technologies India

Despite Siemens’ long presence in India, the firas welatively late in establishing research
facilities in the country? The decision to establish the Corporate Reseastthriblogies India
(CRTI) in Bangalore in 2004 was driven by a combora of reasons. Broadly, there was
recognition of market saturation in affluent cowegrand that growth would be driven primarily by
new markets in Asia. Commercial considerationduttiog the need to understand new customers
and to find the technical skills to meet their rgeathd a sense of corporate social responsitudity,
contribute to the social upliftment of a relativgdgor population, drove the desire to be close to
these markets.

Given India’s strengths in ICTs, CRTI focused oftware engineering, distributed computing, and

embedded systems, to reinforce “the structure @m®ns’ Corporate Technologies as a network of
competencies”. Although this focus provided a stgrpoint, the domains were a constraint. Not

only did India have competencies that went bey@idervices, but the firm had to look elsewhere
to address local needs for which building globaldoicts alone would not suffice. In the area of

health care, where Siemens is strong,

® For instance, NSN won a contract for US$900 millior2007 to expand Bharti Airtel's GSM (Global Syst for
Mobile Communications) network, and its fixed natb long distance and international long-distaneevorks. In
2011, NSN won a contract for US$700 million to ®mse Bharti Airtel's rural coverage.
http://www.pcworld.com/businesscenter/article/18%@@ias_bharti_building_out_with_nokia_siemens rdeel

* http://www.intology.com/business-finance/nokia-sesms-planning-to-shift-head-guarters-from-munichirigia/

2  For case studies of managed services in Brazil artdbe Czech Republic, see
http://www.nokiasiemensnetworks.com/portfolio/seps/managed-services

3 http://www.nokiasiemensnetworks.com/portfolio/sees/global-service-delivery

34 Unless otherwise mentioned, this section drawsroimirview with Mukul Saxena, Senior Vice Presig&iemens
Corporate Technology India, Bangalore, 27 July 20 many discussions with Zubin A. Varghese, Teldgy
Leader-Sustainable Infrastructure Technologiesn8ies CRTI.
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“You cannot claim to be a leading social healtreganovider....in a country like India when
the health care is targeted only to the top 200anipeople. So if you really want to position
yourself you need to understand....how we can adtht#ogies which can impart or improve
the health standards of....the next billion peoplthecountry.”

This led to rethinking about the focus areas andypng what was relevant from the perspective of
the local market and to build the competenciefasé areas. Following considerable representation
and pitching to Corporate Technology at the boaxetl, the 90 permanent employees of CRTI
(which is one of 13 world wide Corporate Technolagyters that employ 1900 in all) now work
on SMART (simple, maintenance-free, affordableialdé, and timely) innovations in the areas of
infrastructure technologies (including health cared industrial applications), energy systems,
embedded hardware and software technologies ththessl the triple bottom line of economic,
social and environmental sustainability. Within dbeareas, CRTI has to work for internal and
external customers to generate income. It also fgeids directly from the Board for projects of
long term or local relevance for which technologyeot be adapted.

An instance of developing products for other groapd locations is the low-cost camera system in
the C-arm interventional fluoroscopic X-ray systean,imaging device which is manufactured at
Siemens’ factory in Goa. Currently, the image istger and the camera are sourced from Japan.
Besides being expensive, it also has limitationterms of the features and image quality. With its
expertise in vision and embedded systems, CRTIsigded the device to get better image
resolution which, in turn, translates into lowepesure to x-rays. This innovation will cost thetcos
of the C-arm to a small fraction of the originalger, and has consequently triggered interest in the
German headquarters.

Developing products of local relevance, howevea thallenge because

“There are two ways of addressing the local markRébsl have this developed product and its
okay, | de-feature the product and position itha tndian markets. That will give you some
kind of leverage, but only to a specific point, &dese....you have frozen the design....Many
times, we need to....design products from ground,aerderstanding the local requirements.
In the process what comes out is very, | would gayvative thinking, which goes into the

product.”

Acknowledging the value in not re-inventing the whend in sourcing technology from relevant
local stakeholders, CRTI has adopted an open iimovanodel in which it works closely with
teams in academic institutions, NGOs and NPOs.litairig these relationships are fellowships,
internship programs, grants and shared researdrgms which also open up hiring opportunities
for the company. CRTI is moving away from the nottbat the “lab is our world” to the idea that
the “world is our lab”.

Instances of this include the efforts to partner@hristian Medical College, Vellore, in community
outreach programs where technologists accompanymoand other medical personnel to the field
as part of efforts to develop low-cost diagnosticl &creening devices such as a low-desis
monitoring device that simplifies the diagnosis—apmatentially accelerates the treatment—of
problem pregnanciesimilarly, CTRI is working with ASHA (Accredited 8@l Health Activist)

*While the figures for CRTI are not available, tlreices of funding for Siemens Corporate Technolgighally are:
contract research for various sectors (about 5¢epd), corporate financing (33 percent), and extiefanding (10
percent). http://www.siemens.com/innovation/en/dabfande/ corp_technology/ facts _figures.htm
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who are the interface between rural communitiestaacublic health systeffi.This partnership is
meant to help track the health records of rurakeits who may move around for personal or
professional reasons. To do this tracking CTRIrygng to automate the process by giving the
ASHA worker mobile support systems, which is noghbut a laptop computer with a mobile that
connects to a backend server with the databasbeofvhole population. This represents less a
technical challenge than a question of determirnogv best to insert Siemens’ technological
capabilities within India’s rural healthcare system

Despite the learning from the local markets, anel plssibility of innovations traveling across
borders, since cost is an issue even in develop@tbenies,

“....the country also has limitations....in terms ofedundamental research. | still don’t see
us coming out with the next generation materialsctvhwill enhance the efficiency of
photovoltaics.... But India, | would say, will alwagentinue to provide a very good way of
doing the translation of technologies....[from]....deyed economies, we need to bring a
level of commercialization of technologies and he fprocess have an advantage which will
be global....because the moment the volume starksnkjan, it will bring down the cost of
technology.

8.8 Conclusions

India found a place in the international divisidnlador of the ICT services industry in the 1980s
for many reasons. First, technological changeslddead demand for software while the labor
intensive character of software development fuededemand for skilled labor. This search for
locations that could provide the necessary labaned a window of locational opportunity that
India seized. India could seize this opportunitynarily because its education policies managed to
create a large pool of skilled labor with the sduafter Unix skills. The availability of this labor
pool was reinforced by policy changes that enceedathe growth of the software industry.
Initially, however, the integration into the GPNitbe world software industry meant little more
than the pursuit of practices of labor arbitragéadyshopping.

In the 1990s, institutional initiatives in the forai STPs, which provided data communications
infrastructure and financial incentives, encouradlee practice of offshore development. The
economic policy changes since 1991, also made ladizore attractive location for MNCs. The
establishment of ODCs expanded the scale and smop®@rk. Not only did exports from India
grow, but firms were also obtained larger projegksch, in turn, were a means of obtaining more
profitable turnkey contracts. Such contracts regglifirms to coordinate a wider range of tasks than
just programming, and develop substantial manageskdrs.

Despite the changed character of the Indian softwarvices industry in the 1990s, and its changed
role in GPNSs, it primarily addressed global markeft®ie absence of local users hindered
innovation. In other words, firms were producimngindia, using factor inputs such as skilled but
low-cost labor, infrastructure and other finangradentives. Besides Infosys, which evolved from
practicing bodyshopping in the 1980s, Cisco and $H®e to India in the 1990s only to take
advantage of the skills. The new millennium witreegsa change in the roles of firms as they began

*For more on ASHA, see http://www.mohfw.nic.in/NRHAdha.htm#abt
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to consider operatinffom India by building on technological and outsourcoapabilities. There
were at least two forces driving this evolution tthiais paper highlights. First, there was the
awareness among customers of the likely corrosioany competitive advantage gained from
deploying ICTs unless there was a unique orgamizatimeans of technology adoption.

Thus was established Infosys Labs, as it was ngelosufficient for Infosys to build quality
software as a “reactive problem solver”. Instelad,ftrm had to be a “proactive problem definer” to
help customers build ‘tomorrow’s enterprise’, akinCarr's argument. Although Infosys Labs is
not necessarily the source of middleware such asdclcomputing, its role is to enhance
combinatorial possibilities of such technologiesvinyrking with customers to help them develop
innovative offerings for their clients. This effaat co-creation not only underscores the idea that
innovation is increasingly to be found at the isémtion of disciplines, technologies, domains,
markets, and people, i.e., “innovation is no long@ssible within the four walls” of any
organization, but it also began to change the dfldnfosys. From being just a provider of
outsourced ICT services, with a specified role itramsaction, it was moving to become one of
many partners in an ecosystem where there is actiok effort to define outcomes without any
template for the roles of partners.

This changed role of Infosys had implications foaeges at Cisco. As firms such as Infosys and
Wipro, besides engineering Cisco products, evoleetitecome systems integrators, Cisco could
globalize as a provider of products and servicesvlrious markets based on its strengths in
networking technologies. Emblematic of this shst the promotion of the Smart+Connected
Communities, to integrate various infrastructurald asocial functions in communities. The

provision of such services on an open-architegbleiform requires partnerships with both domain
experts and systems integrators to tie togetheoies needs.

The cases of NSN and Siemens reflect the cultimadsfonew markets with new customers, as these
firms turned their attention to a hitherto negldcéad underprivileged section of society. Ironigall
what was often considered a drawback for Indiaaber an asset. SNS (subsequently NSN) too
came to India in the 1990s to take advantage ofdosis. There was the perception that software
could be more easily developed in India than irepttountries despite limited domain knowledge.
Even the subsequent move to push innovative agctiviindia was driven by cost considerations
following the dotcom crash and the need to custemioducts for the Indian market. Nevertheless,
this led to the development of product managemkilis @and eventually to innovation. Although
the formation of NSN reduced the emphasis on rekeamovation came in the form of managed
services as a new business model. This innovata#eimwhich lowers costs for service providers,
was demanded and made possible by a vast new nwdrgebr subscribers in the world’s second
largest market for mobile telephony.

Reaching out to a new market was even more promalincthe case of Siemens CRTI. Driven by a
self-conscious desire to address new markets, fhenvantage of commercial benefits and a sense
of social responsibility, CRTI decided to develogMART innovations for the socially
underprivileged. To do that, however, CRTI had adbgyond merely lowering the cost of existing
products as that would not lead to innovation thaesponsive to local needs. In the process, CRTI
decided to open up the innovation process by panmevith local NGOs and academic institutions
and shift from the idea that the ‘lab is our wotid’the ‘world is our lab’.

The effort to reach out to customers by firms hadsequences for organizational structures and
knowledge flows. Infosys Labs was established distanct organization within Infosys to help the
firm become a “proactive problem definer”. By aeliy participating in co-creation, Infosys Labs
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hopes that Infosys does not remain just an outsmyrorganization at the receiving end of
knowledge flows, but that it also becomes a prodaod integrator in a knowledge ecosystem. For
Cisco, integrating India into its GIN led to thdéadishment of the Cisco Globalization Center East
in Bangalore to serve as a “mirror site” for vagdweadquarters functions. Bangalore was no longer
limited to undertaking software development or aegring, or a center for India. It was for all
functions, as part of a global team, participatingylobal work for the global market. As Cisco
became more global, and it began to partner withsfifrom other domains, executives from the US
moved to Bangalore to gain exposure to what dourgness in new markets (not just in India) was
like.

With NSN, since the managed services model wasepi@d in India and has since traveled across
the world to account for half of NSN’s revenuese tlirm shifted its headquarters for global
business services to India in 2008. Catering tbalservices is the GNSC in Chennai, the hub for
NSN'’s operations centers across the world. Besigeghe site with the largest number of R&D
employees, and with manufacturing facilities, Indecame “the most critical piece in the puzzle”
for this firm of German and Finnish progeny. Esigdlyt for NSN, reaching out to the domestic
customer meant taking charge of the entire telecomeation supply chain, from product
development to providing technical and post R&D marp which was previously done from
Europe. India therefore gradually moved from bgungf a R&D hub to a profit center before it
became the business hub.

While CRTI was meant to add to Siemens’ global wekwof competences, the range of
competencies that the Bangalore laboratory cho$ectess on widened after its establishment. This
widening had organizational implications. For ahiygprocess driven firm that undertakes most
work in-house, seeking partners in the NGO worlodvwshhow the creation of IP and products for
the BoP cannot be limited to the confines of a tatwy. Ideas drawn from the public domain, or
the world at large, to the laboratory are critiddiese flows between for-profit and formal, and-not

for-profit (and sometimes informal) institutions akin to the increasing burring of boundaries in
software products as closed source code and opgrtes@ode are increasingly “co-mingled”

(Lerner and Schankerman, 2010).

The experience of firms in India shows that enip iGINs need neither be limited to advanced
industrial economies nor does it have to be thesgmwe of those who make products. Market
opportunities, derived either from the changing rof technology for users across the world, or the
opportunities presented by the hitherto neglecte® Bopulation locally, have induced firms to
innovate with new organizational forms and chanmél&nowledge flows. This reworking of the
social division of labor to explicitly address, fostance, the demands for product and services of
country with India’s size and socio-economic divtgrsalso allowed exports to other parts of the
world with similar needs. However, neither shouié hovelty of this innovation nor should its
impact be exaggerated. It is not new to the extst India’s entry into GPNs of the ICT services
industry was itself based on new spatial and omgdimnal arrangements. The pursuit of
bodyshopping in the 1980s, and the establishme@xTs in the 1990s, allowed the evolution of
technical and service delivery capabilities. Thesgabilities were a pre-requisite to the changes in
the past decade. Finally, as firms have opinedaligdas yet an unlikely location from which to
expect a seminal technological breakthrough.
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Abstract: Global Innovation Networks which are active ire theveloped world are fast gaining
roots in the developing world as well. Literaturgues that firms in the developing world would
gain from GINs , by enhancing their ability to irvade, through interactive learning and capability
building. This paper argues the generally held vibat India has abundant supply of skilled
manpower do not empirically hold, instead mostha& high-tech sectors are confronted with skill
scarcity. Using insights from the Dutch diseaseneauics, and empirical evidence from India’s IT
sector, the study shows that in the context of skircity the entry of MNCs results in a general
increase in the wages of Skilled manpower. Whike MNCs manage to address the high labour
cost situation through various strategies, thellstand alone firms are adversely affected which in
turn get reflected in their ability to be innovagiv
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9.1 Introduction

If the available evidence is any indication, Glolmadovation Networks (GINs) which originated as
a network confined to firms in developed counttiedoster innovation appears to have become
widespread with increasing participation from depaéhg countries (UNCTAD 1995, Athukorala
and Kohpaiboon, 2010, Ernst 2011). While the kndgéeintensive industries are the leaders, other
sectors are also catching up in the context oftteiged competition under globalization wherein
innovation holds the key to survival. In this bamdwn, India has not been left much behind.
Similar to the global trends (Niosi 1999) in Indaso the emerging sectors like automobiles,
pharmaceuticals and biotechnology are increasipghyicipating in GINs (TIFAC 2006). India’s
presence, however, has been most notable in therespdf Information and Communication
Technology (ICT) that accounted for almost 40 perad the total Foreign Direct Investment in
R&D (TIFAC 2006). Thus today there appears to kshift in the strategy of ICT multinationals
from considering India as a part of their Globabdrrction Networks (GPNs) to Global Innovation
Network. At the same time, ICT companies of Indmaigin have also been increasingly globalizing
their innovation activities (Joseph 2009).

Though there are a growing number of stuties global innovation networks dealing with its
determinants and outcome using ever new indicatbes; focus, by and large, has been on the
developed countries. Hence notwithstanding a fewliss, (Athreye and Prevezer 2008; Qu et al
2009; Ernst 2011) our understanding on the impbaoat for host developing countries on their
participation in GINs remain at best rudimentany. this context, the present study intends to
explore the implications of India’s increased papttion in GINs by taking the case of India’s ICT
sector with a view to draw policy implications. Biag insights from the Dutch disease economics
and the underlying specific factors model, this grapnalyses the plausible implications of
increasing flow of FDI in R&D and consequent effect the market for skilled labour in India.
Further, the impact of this resource movement omesiic innovation capability building is
analysed to highlight the plausible role that statdicy could play in harnessing GINs as an
instrument for promoting learning and innovatiorb®competitive in an era of globalization.

The reminder of the paper is organized as follo®scond section develops an analytical
framework to address the issue at hand. Third@ediscusses the data sources and variables. The
fourth section presents the empirical evidenceragjdhe backdrop of an evolutionary picture of
India’s ICT sector which provides the context iniethGINs formation took place. The last section
presents the concluding observations and draw aapdins for policy.

9.2 Analytical framework

The unprecedented growth in global innovation neétwoon the one hand and increasing
participation of developing countries therein, dw tother, have attracted significant scholarly
attention given its importance in the innovatiomgass and informed policy making in both the
developed and developing countries. These studies, hndeed, broadened our understanding on
the inducement mechanisms as well as the implicatod GINs for countries and firms both in the
North and the South. Drawing from the received wmd it is possible to locate a host of

! Readers are referred to the special issuReskarch Policyinternationalization of Industrial R&D, March 1999
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“centripetal force¥ which induce the firms to centralize the R&D aites in the head quarters
and “centrifugal force® that work towards the dispersion of R&D activiticross different
locations beyond the home country. Attempts hase béen made in terms of locating the push and
pull factors.

The unprecedented increase in the pace at whicls Gt being formed (UNCTAD 1995; Ernst
2011), however, suggests the presence of certeiaréathat reduced the uncertainty as well as the
cost of coordination and transaction and thus unaexd the power of centripetal forces. There are
two important factors for this rebalancing and hesu increase in the mobility of knowledge as
argued by Albuquerque et al (2011). First one eslab the improvement in the information
communication infrastructure and its extensionsiagothe world and second being the policies that
liberalized trade and investment which helped fitm&xploit the benefit of technological change.
To this we may add the emergence of new locatibas dare perceived as capable of providing
complimentary capabilities, especially human cépaialower cost. For instance, it has been shown
that by 2010 China would have more science andneegng doctorates than United States
(Freeman 2005; National Science Board 2008).

While Globalization of R&D and formation of GINs @gars to be benign and beneficial to firms in
home country and host country, it could also besmw®red as a double edged sword both for the
MNCs and the host developing country firms. As darthe MNCs are concerned in the current
context of heightened competitive pressures thex maany gains to be made from GINs. At the
same time, there are pains associated with R&D ooonttng. From the developed country
perspective, the situation is best summed up bgdfaand Grimpe (2010) when they remarked,
R&D outsourcing is certainly beneficial to innowati performance and it may increase their
efficiency, reduce cost, or foster innovation bytigg access to valuable resources not available
internally. At the same time, it might lead to diduin of firms’ resource base, deterioration of
integrative capabilities and management attention.

With respect to the host developing countries dee/\considers that inward investments in R&D

are generally beneficial to economic growth andfavel This is because such investments provide
technology and managerial skills which create pasispillover effects. These effects include

technical support and assistance to local suppdirdscustomers, copying foreign R&D outcomes
by local units. Thus viewed it might lead to stréveing of the innovation system in general and
learning process in particular of the host coustiyy facilitating greater interaction between the

foreign R&D units and other local agents involved the production and innovation process.

Knowledge frequently results from the search faw selutions that are based on the firm’s existing
knowledge base (Cohen and Levinthal, 1989; Nelsuh\&inter, 1982; Teece, 1986) and that the
extent of such benefits derived depends on thesfilmapabilities. On the other hand, it is also

argued that GINs could turn out to be “poisonedlicka (Ernst 2011). Local R&D activities

2The centripetal forces included the need to prdiattspecific technology to: avoid R&D leakage @Ruan, 1981);

to mirror and retain home market advantages St@8I€5); due to the tacit nature of technological\wledge, need for
closer coordination in decision making in the fafeincertainty of innovation Patel and Pavitt (1934ke advantage
of scale economies in R&D high cost of co-ordinatimd control (Eg. Vernon, 1974)

®The centrifugal forces include demand orienteddiacthat emanate from the need to be nearer texipert market to
. exploit regions’ differential advantage in protian and in R&D Cantwell (1995); supply side factaperating as
centrifugal forces most important one appears tthbeaccess to scientific and technological skitluding scientific

infrastructure that are available in the host coestat a more advantageous terms than in the hoarket (Ernst

2011).
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undertaken by the foreign firms tend to tap intaque local R&D resources with little or no benefit
to the host countries. Working on problems of dittelevance to the local economy, they may
represent nothing other than disguised brain ddaiarting scarce technical resources from more
useful purposes. In a similar way foreign acquositof local technology base companies are often
lamented as a mechanism by which production andrexpf vital technologies are diverted from
their country of origin (Dunning,1992).

To the extent that the relative scarcity and defitiscientific infrastructure and skilled manpower
in the developing countries is higher than thahm developed countries, it is important to explore
the implications of developing countries’ partidipa in global innovation network with respect to
innovation in general and technological capabibtylding in particular. Here, the findings of a
study by Athreye and Prevezer (2008) on possiblis@guences of R&D offshoring on domestic
innovative capability and building domestic infrasture are instructive. It is found that domestic
patenting has been concentrated in sectors thalif&@eent from sectors of R&D off shoring. Also
the location of R&D activities in India and Chinmee 1995 seems to have not strengthened the
science base of these countries as evident froricptibn data. Studies on Bangalore, where large
scale R&D offshoring has taken place, have alscotijnéasled to find significant linkages between
foreign firms and the local economy and the sorintér-firm networks one would expect in the
presence of traditional technology spillovers (Rasarathy 2004). Another study on R&D
offshoring and technology learning in ICT indusitnyChina suggested that it has a positive effect
on the intensity of R&D of host country firms. Hoveg, the magnitude of the impact depended on
both the technological and geographical distan¢edsn the multinational and host country firms
(Qu et al 2009).

The crucial issue is whether GINs, as they opdmatay, help strengthening the national innovation
system in general and innovation capability buidim particular. Implications of increased demand
for skilled professionals on account of the paptition in GINs and the resultant rise in wage level

and the consequent movement of skilled manpowen fother sectors to innovative activities in

ICT may be examined in terms of the “resource mau@neffect” in the literature on Dutch disease
economics (Corden and Neary 1982). To begin withmay be kept in mind that the resource
movement effect is confined only to those sectdrthe economy, which compete with the ICT

sector for technically skilled manpower for innavatactivities. For analytical purpose, the sectors
that require the technically skilled manpower fonavative activities are divided into two broad

sub-sectors; a) those engaged in the innovati@edators other than ICT and b) those involved in
Innovation in the ICT sector. The demand from 168 kector may be divided into that from the
ICT multinationals (both domestic and foreign) whiare active nodes in global innovation

networks and that from local stand alone firms Wwhéce either not or only weakly linked to the

global innovation network, smaller in size and manented towards the local market.

Innovation in any sector, especially in servicet@e; being a highly skilled labour intensive
activity, greatly depends on the access to skitheshpower. Therefore the outcomes of changes in
demand for and supply of skilled manpower in thélesk labour market get reflected in the
innovative outcomes in the sectors concerned. Torerein what follows we shall begin with an
analysis of the labour market outcomes. Followirmydén and Neary (1982) the labour market
implications on account of resource movement dughtimges in demand for skilled labour in one
of the sectors may be illustrated with the heldigfl which assumes full employment and other
standard assumptions in the specific factors m@dtaies 1965). In the figure, the length of the
horizontal axis Os Oo is equal to the total supydlgkilled labour available in the economy for the
innovative (R&D) activities, which is fixed. The neal axis indicates the wage for the skilled
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manpower. R&D employment in the ICT sector is meaddrom Os and that in sectors other than
ICT (that compete for skilled manpower for R&D witBT sector) is measured from Oo. The
curves Lsa, Ls and Lo show the demand for R&D lathimm stand alone firms in ICT, total R&D
labour from ICT and the R&D labour demand from eextother than ICT. The total demand for
R&D manpower for the ICT sector is drawn as a twrial sum of that from the stand alone firms
and multinational (both foreign and local) firms.

In the figure the initial equilibrium is shown blyet intersection of curve Ls and Lo at point e where
the wage rate is We. At this point total R&D mangowvailable in the economy is allocated across
different sectors as follows; OsT is the R&D empi@nt in the stand alone companies, T TM by
the multinational and Oo Tm by the sectors othantlCT. By assumption, this also indicates the
initial innovation capability of each sector.

Figure 1: Effect of the GINs on the market for R&D manpower
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Now we shall examine how the allocation of R&D mewer across different sectors, and therefore
their innovation potential is affected by the entdyICT sector into the GINs. Entry of MNCs
results in an increase in the demand for R&D margrday the multinational (shown by shift from
Ls to Ls’ in fig) leading to a new equilibrium &t &his would cause a rise in the wage rate in that
sector (We to We’). The higher wage rate naturalbuld attract the R&D manpower, which is
mobile, to the MNCs from the stand alone firms aadtors other than ICT engaged in R&D which
by assumption are competing for skilled manpoweh wie multinationals.

Given the higher wage rate offered by the Multioadls R&D manpower from the stand alone
firms and sectors other than ICT move towards thdtivational firms. By assumption wage rate
increases in all the sectors from We to We'. InfigeR&D employment by the stand alone firms
declines from Os T to OsT’ and that of sectors othan ICT declines from OoTm to OoTm’.
Needless to say R&D employment by the multinationateases from T Tm to T' Tm’ indicating
an increase in their R&D effort and innovation puigl. Given the assumption of full employment,
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increased employment in R&D by the MNCs is possinéy by drawing R&D manpower either
from the stand alone companies or from the sedthrer than ICT or both with a corresponding
decline in their innovation potential.

In such context, the stand alone companies aret edctors will have the following choices; either
they could pay the salaries on par with the muiicimeal firms, or be satisfied with the second best
by paying lower wages. Given the other pecuniamnelits associated with multinationals (like the
prestige associated with working for MNC firmsxarsdl alone firms in ICT and firms in sectors the
other than ICT are unlikely to attract the bestirigaeven by offering the wages offered by the
MNCs. Under such conditions, these firms will b& {eith hardly any options but to be satisfied
with the second best. Whatever be the strategytadpfhere could be adverse effect on the firms
operating in sectors which require skilled manpoleading to a reduction in their employment
which in turn, by assumption, leads to a reductiotheir innovation potential. On the other hand,
given the excess demand situation in the home méokéhe MNCs, the observed rise in wage rate
is unlikely to have any adverse impact on the mattonals as the wage in India is still lower than
that in their domestic economies. Similarly, thisr@nlikely to be any adverse effect on the export
oriented domestic multinationals, at least in thersrun, as they are still having comparative
advantage on account of the fact that the domestge is still much lower than that of the world
wage rate.

The situation however, could be eased by expanthegsupply of skilled manpower, that is
expanding the horizontal axis. This is an area whestitutional interventions are called for. There
could also be a spillover effect on account of éased interaction of foreign firms, with the local
firms and the knowledge generating system in thenttg. The net outcome, in fact, is an empirical
issue that needs further enquiries and beyonddbyesof the present paper. In the next section we
shall present available empirical evidence focugsinghe ICT sector as a detailed exploration of
the sectors other than software dealt within oudeh@s beyond the scope of the present paper.

9.3 Data sources

The data utilized for this paper comes from tworses. One is the INGINEUS survey for Indian

firms conducted by us during 2010 and the CMIE PREBS database. The INGINEUS survey
was designed to understand the nature, patternsharecteristics of Global Innovation Networks.

The survey had a uniform questionnaire canvassess®cd4 countries that included BICS and
selected countries from EU. This paper has utilitedsurvey relating to firms in India. The firms

were chosen from the NASSCOM Directory of ICT fitnihe NASSCOM Directory is released

every year and covers all areas of software praslu@nd related industries such as IT Enabled
Services. The 2009-10 Directory provides the infation of 1287 firms in different areas of IT

industry.

Survey instrument was administered in eight citl&stlusters that together represented nearly 93
percent of all firms according to the NASSCOM diogg. After attempting do an online survey

which generated very poor response rate a sunay t®nducted face to face interviews in eight
cities' during the period March®1to April 34", 2010 ending up with a sample of 325 completed

* Cities covered in the survey were Bangalore, Diltida/Gurgaon, Mumbai, Pune, Chennai, Trivandruiyddiabad
and Kochi
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surveys representing a favorable response ratd pefcentage. There were 167 standalone firms,
106 MNCs of Indian origin and 50 subsidiaries akfgn firms.

We have depended on The PROWESS database of thee G@nMonitoring Indian Economy (
CMIE) for most of the time series information. Tissa firm level database of Indian firms across
all industries which provides information on thalrand financial variables of the firm. The data is
collected from the annual balance sheets of tmesfizwhile the firm coverage of Prowess is not
complete, the firms covered under CMIE have a catiud share of nearly 90 percent of the
reported IT sales. We classified the firms on tasi$ of the following: Foreign MNCs are defined
as firms that either report themselves as foreignsf or have a share of more than 10 percent of
foreign equity ownership, which is the conventiondentify as MNC. Indian MNCs are defined as
those firms who have subsidiaries or have joint enship of entities in other countrie®omestic
firms are those firms that have less than 10 perfoeeign equity and have identified themselves as
private Indian firms. The number of firms in theadable data base varies year to year. For foreign
subsidiaries the number of firms varied from 242600 to 48 in 2004, with the total number of
observations being 440 for the period 2000 to 26@9.the Indian MNCs it carried between 90 and
110, and for stand alone firms it varied betwee# &5d 476. The total number of observations was
6392 for the period 2000 to 2009.

9.4 Empirical evidence

9.4.1 ICT sector in India: An evolutionary picture

During the last forty years, India’s ICT sector wahnioriginated in the early 1970s has undergone
major changes. These chang#er alia are manifesteth the institutional arrangements, nature of
activities undertaken, market orientation and aflelifferent actors involved. In what follows, we
shall discuss the evolution, rather succinctly,fidgusing on only two important aspectslevant

for GINs to argue that state played a key rolenm abserved transition from one stage to another
and that the state has a crucial role to play endirrent phase wherein the sector is at the cross
roads.

Onsite to offshore development

Indian firms made their presence in 1970s in ICiivgre and service exports mostly by providing

services in the premise of the customers (ofteledansite development). During the early years
the focus had been on low value-added servicespred by firms like Tata Consultancy Services
(TCS) a part of Tata Group (Heeks 1996). Eveniatdtage, in contrast to the view that was held in
few quarters (Arora et al 2001), the sectoral iratmn system that evolved, mostly at the instance
of the state, did play an important role in inceiming software production and exports(Joseph
2002, Joseph 2008; Joseph 2009, Parthasarathi @sephl 2002, Kumar and Joseph 2005
Balakrishnan 2006). In a period when very highftamd non tariff barriers were the rule, duty free

* Indian MNCs are identifted from a database on Ordwgoreign Direct Investment created by Dr. Jaykegsh
Pradhan which identifies Indian MNC firms on thesisaof acquisitions, mergers and equity particgratin foreign
firms. We acknowledge him for sharing this database

®For a more detailed discussion on these aspecisehefer Joseph ( 2007) and Joseph 2010)
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import of computer systems without reference togedous angle clearance was permitted for
software export. Moreover, in a period when thesrena series of restrictions on Foreign Direct
Investment (FDI), 100 per cent foreign owned congmmwere permitted to set up software export
operations provided they located in the Santactaztidnics Export Processing Zone (Parthsarathi
and Joseph 2002).

It was, however, held that the generally practisiedtegy of onsite development was inimical to the
declared objective of maximizing export earnings Which the state encouraged the software
sector (Government of India 1986). The strateggrddite services involved inefficient utilization of
manpower and substantial outflow of foreign excleabgcause the software personnel had to spent
substantial time with the service receiving firmsthe foreign countries (Sen 1995). Hence the net
export earning has been only of the order of 50cpet of the gross FOB value of total exports of
software and services (Joseph and Harilal 20013lsth accentuated brain drain as the software
personnel sent abroad for onsite work rarely retdimome as they could easily find more attractive
employment opportunities (Parthasarathy 2004). Vditiew to increase the net export earnings
government has been systematically encouraginaiésdevelopment. An explicit software policy
was announced in 1986 and software was identifiedn@ of the key sectors in India’s agenda for
export promotion. The policy underlined the impoda of an integrated development of software
for the domestic and export markets (India, Depantinof Electronics, 1986) and came up with
various measures to accomplish these objectivesotAble institutional intervention by the state
that facilitated offshore development has beendstablishment of Software Technology Parks
(STP) to provide the necessary infrastructure mholg data communication facilities for software
exporf. As a result, of these initiatives the share dinservices in total exports declined from
about 90 per cent in the mid-1970s to 30 per cgnfate 1990s. These initiatives which helped
building domestic IT infrastructure are also likeéty have influenced the decision of MNCs to
invest in R&D centres in India.

From BPOs to KPOs: Increased technological compmten

The comparative advantage of Indian firms has kbeethe on-site export of services such as
customized software development, mostly on-sitef&wret al 2001). It was also shown that Indian
firms have been operating mostly at the lower en¢htue chain by carrying out low-level design,
coding and maintenance (Kattuman and lyer 2001)a Assult, revenue per employee in 1999 ($
16,000) is found to be only about one-tenth ofdseand one-fourth of Ireland (Arora et al 2001).

Though, the packaged software has its origin in0%9&jiven the weak copy right regime and
resultant software piracy, many of the firms iniéndid not consider package development as a
strategic optioh To address this problem, the government initiieskeries of measuresAs a

"The first ones to come into being were those agBlme, Pune and Bhubaneshwar in August, OctolDaxcember
1990 respectively. In 1991, four more STPs wereugeby the Department of Electronics at Noida, Géamagar,
Trivandrum and Hyderabad.

® The magnitude of the problem has been illustrate@rb estimate from Lotus Development Corporatibat in the
early 1990s of the 150,000 copies of Lotus 1-248,000 were pirated. (Schware 1992).

°®The copy right of computer software has been pteteander the provisions of Indian Copy Right ALi857. Major
changes were made to the Copy Right Law in 19940#Atingly, it was made illegal to make or distridwuopies of
copy righted software and therefore punishableti@e®&3 B of the Act stipulated a minimum jail terofi 7 days
extendable up to three years. The Act further pledifor a fine ranging from Rs 0.05 million to R Gnillion. In
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result, the piracy rate in the country has comerdram 89 per cent in 1993 to 60 per cent in 1997
(NASSCOM 1999). These initiatives, apart from radgcsoftware piracy, acted as an inducement
mechanism for the domestic firms to enter intovgafe products. Accordingly, Indian companies,
both large and small, began entering into softwaoeluct development. For most of these firms,
domestic sales accounted for substantial part @f tlevenue (Joseph 2009). A number of even
smaller software companies have developed packsafeslare, which is sold in domestic market

At the same time, various institutional intervensowere also undertaken by the government
explicitly with a view enhance the supply of skdlenanpower and R&D capability (Kumar and
Joseph 2005). Over the years, the sector has Ibéetoanove up the value chain. It is evident from
the fact that Indian firms are now increasinglytiggt engaged in highly skill demanding areas like
chip design and R&D and thus are moving up the evalbhain marked by a shift away from
Business Process Outsourcing to Knowledge Procasso@rcing. Now the firms are increasingly
entering into high end consulting, embedded softvasavelopment, engineering and R&D services
with the development of domain expertise and expbpackaged software. As a result the share of
high value adding and innovative segments - thelude engineering services, R&D and software
products — in the total value of output and exp®réstimated to increase from less than five per
cent in 2005 to over 10 per cent in 2011.

Since the conventional measures of innovation RE® intensity (measured as R&D expenditure
as proportion of sales) has certain limits in captuinnovation in a service sector like ICT, adstu
(Joseph and Abraham 2005) developed an Index am€&th Technological Competence (ICTC)
using firm level information on their areas of spézation. The theoretical base of the index has
been drawn from the literature on technological awpmity. The estimated index has shown an
upward mobility of firms. To illustrate, in 1998 ew56 per cent of firms were in the low index
category (less than 30%) where as in a short sptnwee years the share of such firms declined to
around 44 per cent. Similarly in the higher indesegory (greater than 60%) the share of firms
increased from 5.3 per cent in 1998 to 8.3 per.der#001™.

In a context wherein the MNCs have been looking domplementary capabilities (Ernst and
Lundvall 2000), foreign firms began to invest ertkgectly in their own R&D centres in India or
partnering with Indian firms in highly skill inteng areas like chip design and R&D. This was
marked by a shift away from Business Process Outswuto Knowledge Process Outsourcing
(Parthsarathy 2006). The increasing incidence bélodring of high end value added services like
research and development thus heralded India’sitram from global production network to global
innovation network.

The only available secondary data on foreign R&Dteks is related to a survey of FDI in R&D
conducted by Technology Information, Forecasting assessment Council (TIFAC 2006) of the
Department of Science and Technology Governmerndi&, for the period 1998-208% It was

addition, the government, in co-operation with Hesscom, conducted regular anti piracy raids toadisage software
piracy.

Y For example, Tally, a popular accounting packagesieall and medium enterprises which is being tged0,000
companies and has been approved by the Accountanfg’ssional bodies in India and the UK has bearekbped by a
smaller highly specialized software company (Kur2é1)

1 The estimated index of leading IT firms like InfgsyWipro, TCS and Satyam were found to be more Thaper cent.
The rise in the level of index was not confinedte high index category. In the middle index catggB80-60%) as
well the proportion of firms increased by 10 pentggoint.

2The data and information presented in rest ofdaition is drawn from TIFAC (2006)
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reported that during the period 1962-90 only sigesaof foreign R&D centres were reported. But
during 1990-2000 the number increased to 49 anlimiour years since 2000, 46 more cases got
established indicating an acceleration of the pEcehich R&D has been internationalized since
2000. In terms of the country-wise distributionisitftound that while the US accounted for 53 per
cent of the number of units, their share in actmaéstment (71.6%) and employment (69%) was
much higher (see table 1). Going by all the foutigators, USA is followed by Germany. It is
worth noting that China has a notable positionanmis of both employment (2.2%) and actual
investment (5.3%)

In terms of the location of such R&D ventures itfeand that 45 per cent of them were in
Bangalore, followed by Delhi (10%) and Mumbai (8%Jhile the state of Maharashtra (Mumbai
and Pune) accounted for 17% of the number of utlitg€e southern states Karnataka (mostly
Bangalore 45%) Andhra Pradesh (Hyderabad 7%) amuilTBladu (Chennai 4%) together
accounted for 56 per cent of the total number oftwes. Studies have shown that these states are
known for their relatively vibrant regional innoi@t systems (Kumar and Joseph 2005). In terms
of regional concentration FDI in R&D depicts moreless the same picture as that of general FDI
indicating that, the presence of a vibrant regianabvation system is an important factor that
governs the location decision of foreign R&D units.

Table 1: Country-wise wise distribution of foreign R&D ceesrin India (up 2004) (%)

Country Number Planned Actual R&D employment
USA 53 60.59 71.59 69.20
UK 7 0.54 2.14 4.15
Switzerland 2 0.14 0.67 0.74
Sweden 2 0.46 0.10 0.35
South Africa 1 3.71 0.06 0.22
Norway 1 0.01 0.00 0.00
Netherlands 3 3.49 1.62 2.31
Mauritius 2 1.13 1.01 1.15
Korea 3 2.40 6.86 2.83
Japan 7 3.66 0.83 0.87
Germany 7 18.34 6.78 8.92
France 5 4.75 1.84 4.22
Denmark 1 0.00 0.00 0.02
China 2 0.65 5.31 2.22
Canada 3 0.16 1.00 2.58
Australia 1 0.00 0.20 0.22
Total (%) 100 100.00 100.00 100.00
Total (actual Rs Million 209167.9 50989.2 22979

Source: Derived from TIFAC (2006)
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It is evident that software is an area that attdhechaximum foreign R&D that accounted for nearly

23 per cent of the cases (table 2). If we inclu@& hardware and communication, the share
increases to over 39 per cent (based on TIFAC 20DGs evidence tends to suggest that the
relatively vibrant sectoral innovation system imlibis ICT sector, evolved over the years (Joseph
2009), should have been acting as a pull fact@ aontext wherein the foreign firms are looking

for complementary capabilities.

In terms of the nature of activities undertakenthogy units, it is found that 53 per cent of the sase
involved shifting of in-house R&D activities frorhé home country to offshore locations. Needless
to say, it is with a view to take advantage of #wailable manpower at a relatively low cost as
compared to the home country. These units are faniely catering to the needs to the home
country requirements. There are no cases reportedem R&D services are exported to multiple
clients through open market system. However, ire a#sengineering, chemicals and agriculture
there are many cases that cater to the domestikeas well. In terms of equity/ownership, 51
percent of the companies never had any partnevsitiipthe local firms as they work only for the
parent company. About 43 per cent are found hapartnership with local firms. The local firms
are found to be well established large firms likbosys, Wipro, HCL with very little presence of
small firms as local partners. About six per ceinthe companies started with a local partner but
did not have a local partner as on 2004 when theegwas undertaken.

Table 2: Areaof specialization of foreign R&D centres

Areas of R&D No of companies %
Software 31 22.96
Computer Hardware, Chip Design etc 7 5.19
semiconductors analog 3 2.22
Internet OS development 4 2.96
Wireless development 6 4.44
optical net work 3 2.22
Auto Design 9 6.67
Drug Design, Agro Chemicals, Leather Chemicals,Dye 16 11.85
Others ( aerospace, engineering, bioinformatics etc

Medical, Engineering, Power, Aerospace) 56 41.48
Total 135 100.00

Source: Derived from TIFAC (2006)

Here it needs to be noted that India’s participaiio Global Production Network in the form of
software services was with a view to earn foreigchange as it was a period where in the country
was constrained by foreign exchange shortage. Buwntry into Global Innovation Network was
not so much induced by the need for export earagthe country by the late 1990s was having a
comfortable external balance as is evident frona@umulated foreign exchange reserve of nearly
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$300 Billion. Here, the factors that induced Indiahtry into GINs seem to be at variance with that
of its entry in GPN. Both in case of GPN and GlNreign firms have been attracted by the
availability of manpower at lower cost and largengéstic market. But viewing from India’s side
while participation in GPN provided an opporturtityearn foreign exchange its entry into GIN, to
be beneficial, it needs to contribute towards sjtieening its innovation capability.

9.4.2 Skill scarcity in the IT sector

The increasing participation of India’s ICT sectorGINs had been however occurring within an
environment of skill shortages. Though India, alavith China, is often considered as a country
with abundant supply of skilled manpower, there ew&lences to indicate that when it comes to
availability of highly skilled manpower for R&D andther skill intensive activities firms are
confronted with severe manpower constraint. Atrttaero-level Gross Enroliment Ratio (GER) in
tertiary education in India is only about 11 petcerich compares very poorly with OECD
countries and USA and even with emerging counttiks China (23%) and Brazil (24%).
Moreover, as is evident from table 3 share of pajah that completed tertiary education in India
(19.6%) in 2010 compares very poorly with that dfir@ (31.7%), and Brazil (24.3%). More
importantly while the share of population with t@ry education in China increased by more than
10 per cent during 2005-10, India recorded onlyaagimal increase (1.5%). This indicates that that
the higher rate of growth of the economy recordadng the recent past has not been accompanied
by a commensurate increase in the supply of skiliich is likely to bridle the growth of Indian
economy driven by service sector in general anadvi@ige intensive sectors in particular.

The situation gets further aggravated on accourtrai. India reports one of the largest rates of
emigrations of tertiary educated workers, especiallthe United States. About 4.5 percent of the
students in the US were migrants from India, whinbreased to nearly 7 percent by year
2008°3(Mani, 2009). There are also evidence to indichat there is a significant skill mismatch
between what the university system produces andt wha industry requires. A study
commissioned by National Association of Softward &ervice Companies, (Nasscom), found that
out of the 0.4 million engineering graduates whadgiate each year, only about 20 per cent are
employable (NASSCOMY .

Table 3: Share of population that completed tertiary leedaucation (%)

Age Group China Brazil South Africa  Russia India
2005

20-24 5.6 1.1 0.1 1.9 3

25-29 5 5.4 0.4 29 3.9

30-34 4 6 0.7 3 3.4

35-39 3.7 6.4 0.7 8.6 3.7

3 http://www.nistads.res.in/indiasnt2008/t1lhumanresesit1hr5.htm

¥ Another report by Aspiring Minds, published in TBeonomic Times on April 11, 2011 state that only gercent of
the IT graduates are employable. The rest wereidgfiin the required technical skills, fluencygnglish or ability to
work in a team or deliver basic oral presentations.
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40-44 3.6 6.4 0.6 11.8 4.1
20-44 21.9 25.3 2.5 28.2 18.1
2010
20-24 9.6 4.6 0.1 1.9 3.5
25-29 8.8 1.9 0.4 2.9 4.7
30-34 5.1 5.4 0.4 3 3.9
35-39 4.5 6 0.7 3.4 3.8
40-44 3.7 6.4 0.7 8.6 3.7
20-44 31.7 24.3 23 19.8 19.6

Source: Barro, RJ and JW Lee (2010)

It also needs to be noted that this skill shortagthe economy is not a short run disequilibrium
which may get corrected in the long run. This isbegcause of both the peculiar nature of both
demand and supply of skills. The demand for skitfteanating from the knowledge based sectors of
the economy would have corrected through wagemateements to equilibrium levels in the short
run itself had these sectors operated in a closemogny model with high degree of market
integration. However, these sectors are essentidport oriented, and hence wage corrections
depend on the relative wage rates in competingsfimmother economies such as Ireland, Israel, and
the South East Asian economies. Given the fact thdia’'s growth trajectory is narrowly
concentrated within a few sectors, when comparedtb@r competing economies, the relative
abundance of skills in India would ensure that el wage rates would equate with the global
averages only very gradually. From the supply sel#hancing the skill supply would require
institutional interventions that enhance the quwratnd quality of skill supply, which again are not
short run solutions.

9.4.3 Skilled labour movement, attrition and wages

The starkest manifestation of the impact of theyeoh MNCs into the R&D sector in a context of
skill scarcity had been the exceptionally high ratgrowth in the salaries of IT professionals and
persistence of high worker attrition rate. In aveyrconducted as early as in late 1990s, 57 pdr cen
of the firms interviewed indicated that manpowed &kills shortage as their major problem (Arora
et al. 2001). A survey conducted in 2004 on the IT sestoows that nearly 60 percent of the
workers had moved to a new firm within the last tyears and 90 percent of them shifted their
place of work in the last four years (Abraham, 200%is has induced collective action by the IT
firms at the instance of NASSCOM and agreement gntle@m to discourage poaching. Reports in
2007, however, stated that though there was n@umif/iew on the rate of attrition in the sector it
was widely believed that the attrition rate wasvaingre between 40 to 60 percent in a Year

» See for example “Firms Struggle To Retain TalenE&snomy Booms”, Indian Express , 15 February, 2007
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Survey done as late as in 2011 also reported Kiassarcity continues to be major problem that
nags the secttt

The entry of foreign MNCs into the R&D sector ircantext of skill shortage in the IT sector has
led to stiff inter-firm competition for the availebskilled manpower. This inter-firm rivalry for
skilled personnel, especially after the entry of ®\for R&D, has led to an unprecedented rise in
wage rates for workers in the IT sector. As a teslk entry-level salaries in the software indystr
have risen by an average of 10 to 15 percent ientegears. It has been reported that the rate of
increase in the wages and salaries in India has theehighest in Asia-Pacifi€ This in effect has

led to an escalating wage bill for the firms. Arsadyof the firm level data on IT firms from CMIE
revealed the share of wages and salaries in takas $ras more than doubled during 2000-09 and
the observed increase is much higher than the atbetors. More importantly, skilled labour
movement effect induced increase in wages andisslappear to have adversely affected the stand
alone firms as compared to the MNC (both local fordign) firms. To be more specific, during
2000-09 share of wage bill in sales for the stamuialfirms more than doubled from a low level of
20 per cent in 2000. But when it comes to MNCshboteign and local, the observed increase was
of a much low order (see table 4). The table furtinglicates that while the foreign MNC
subsidiaries and Indian MNCs had successfully redubeir wage bill after an initial rise, for the
standalone firms, the wage cost component appe&@ve become a major growth restraint.

Table 4: Trend in the share of wage bill in sales acrodeift type of firms in India’s IT sector

year Foreign MNC Indian MNC Stand alone Firms Average
2000 0.20 0.29 0.20 0.23
2001 0.29 0.65 0.33 0.40
2002 0.38 0.67 0.40 0.46
2003 0.42 0.34 0.49 0.45
2004 0.49 0.57 0.45 0.48
2005 0.42 0.36 0.53 0.49
2006 0.41 0.35 0.39 0.38
2007 0.34 0.36 0.50 0.46
2008 0.32 0.38 0.44 0.42
2009 0.37 0.41 0.50 0.47
2000-2009 0.32 0.36 0.39 0.38

Source: Estimates based on CMIE data

6 http://articles.economictimes.indiatimes.com/205120/news/29564781 1 talent-shortage-indian-  engpfey
skilled-trades

7|t has been reported that Multinationals -- fronp$leo and General Electric to Citibank and Accentdrare a part of
the problem. As they seek to tap into India's ghowhey have helped fuel an explosion in wages@ajly in the tech
and outsourcing sectors. For years they have afferdians top salaries, opportunities to work abdr@ad prestigious
credentials, but as both domestic and foreign caegapush deeper into new areas such as retailirahctrial
engineering, the bidding for qualified labor is tieg up. Today, salaries for senior managers aeskiian companies
nearly equal those at multinationals.
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9.4.4 Skill movement and Innovation

As predicted in the model, the skilled labour moeeireffect is likely to have its implications on
the innovation capability of the stand alone firrAs.is evident from the INGINEUS survey about
62 percent of the firms had claimed that they haéwa product in the last three years. While it was
67 percent of the firms in case of services. Burdghare considerable differences across the
organizational type of the firms their ability tocgeed in various types of innovation activitiest F
instance, while 50 percent of the stand alone ficlkaBned new products, it was 88 percent in case
of MNC head quarters and 69 percent in case of Mbigsidiary (table 5). Such differences in the
innovation activity based on organizational types\asible across all types of innovation actistie
MNCs with head quarter in India are the most intieeafirms in Indian ICT sector across various
categories of innovation activities, followed by MNsubsidiaries, while stand alone firms being the
least innovative.

Table 5: Distribution of firms in terms of reported innovatiin past three years (2006-09) across different
organizational categories (%)

Stand Subsidiary Head quarter of Total
alone of MNCs MNCs
New products 50.30 68.87 88 62.04
New services 56.29 75.47 86 66.98
New or significantly improved methods of
manufacturing or producing 42.51 56.6 78 52.47
New or significantly improved logistics, distribati
or delivery methods for your inputs, goods and
services 44.31 51.89 80 52.16

New or significantly improved supporting activities
for your processes (e.g. purchasing, accounting,

maintenance systems etc.)
43.11 55.66 84 53.4

Source: Estimates based on INGINEUS survey data

Moreover as is evident from table 6, the stand eléirms had a poor innovation record as
compared to their counterparts. While MNCs headtgtmand MNC subsidiaries were reporting
most of their innovations as either new to the dian new to the industry in case of standalone
firms innovations were mostly new to the firm. Tpettern was found holding good, be it product,
or service, or any form of innovation.

Table 6: Distribution of firms based on nature of innovatougcomes in past three (2006-09) years (%)

Stand Subsidiary of | Head quarter of| Total
alone MNCs MNCs

New Product

New to the world 11.98 | 14.15 | 22 | 142
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New to the industry 23.35 39.62 60 34.26

New to the firm 18.56 15.09 10 16.05

New Service

New to the world 10.18 16.04 14 12.65

New to the industry 23.35 34.91 54 31.79

New to the firm 25.15 24.53 22 24.38

New Process

New to the world 4.19 6.6 12 6.17

New to the industry 19.76 31.13 46 27.47

New to the firm 19.76 18.87 24 20.06

New Distribution

New to the world 7.78 4.72 6 6.48

New to the industry 17.37 31.13 46 26.23

New to the firm 20.36 16.04 32 20.68

New Manage

New to the world 6.59 4.72 2 5.25

New to the industry 12.57 37.74 50 26.54

New to the firm 25.75 13.21 32 22.53

Source: Estimates based on INGINEUS survey data

The Indian MNCs and foreign MNCs engage in a nundfestrategies to reduce attrition rates in
their firms, other than wage correctidh<One of the most important is the learning envinent of
MNCs. Studies show that the learning environmerthenfirms was the most important incentive
for the worker to continue with the IT firm (Abraha2007). Given the fact that IT industry is not
only skill intensive but also experience high ratéskill redundancy and obsolescence, the typical
IT worker needs constant skill upgrading. MNCs tlgio their GINs are engaged in interactive
learning processes through innovation networksttyatnto global knowledge sources.

The INGENIUS survey results also indicates that diféerential innovative outcomes across
different organizational categories cannot be #elih from the differences in terms of their
innovation strategies. It is observed that the dndMNCs and Foreign MNC subsidiaries are
relatively more globally networked for their knowtge sources as compared to standalone firms.
For instance, while more than 73 percent of thaedst@one firms depend on their own in-house
technological inputs for innovation in case of MN@bsidiaries this dependence was only a lower
level (46 percent) and when it comes to MNC heagstgred in India the share further declines to
23 percent (see table 7). On the other hand 1&penof the MNC subsidiaries and 21 percent of
the MNC head quarters reported that their own bramscof MNCs were the most important
technology source, which differentiated them fraandalone firms. Further, the largest difference
between MNCs and stand alone firms seems to stam tiechnology purchases from other MNCs.
The stand alone firms are by and large dependerg orothe domestic collaborators while MNCs
and subsidiaries of MNCs depend more on foreigorador collaborations for their innovation

8 Other popular strategies to retain workers, apanmnfsalary hikes and learning opportunities incjuakruitment
through employee referral system, which exploitshkip and friendship based ties to retain workemsguctivity based
incentive component in the wages which acts agwmngj mechanism to retain productive workers; ptmg equity
options with a lock-in period for realization anthancing career mobility within the firms.
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activity. For instance, while MNC subsidiaries aMidNC headquarters had nearly 80 percent of
their client’s collaboration from foreign countrjéer standalone firms this was only 56 percent.

Table 7: Most important source of technology for enterpriselndia’s IT sector

Stand alone Subsidiary Head
of MNCs quarter of

MNCs Total
We produce most technological inputs in-house 73.13 46.08 22.92 56.45
We buy most of our inputs from other branches af ou7.5 15.69 20.83 1226
own MNC
We buy most of our technological inputs from non- 6.88 14.71 8.33 968
MNC firms
We buy most of our inputs from MNCs with which We11.25 20.59 41.67 19.03
are not formally connected
We buy most of our inputs from public-sector
organisations, e.g. research institutes, univessitic ~ 1.25 2.94 6.25 2.58
Total 100 100 100 100

Source: Estimates based on INGINEUS survey data

The embedded nature of the global network is \esibbm table 8. MNCs with headquarters in
India have strong formal linkages with various agtof the network and they serve as the sources
of new knowledge. More than 80 percent of the IndéilNCs have strong network relationship with
foreign clients, while nearly 87 percent of the MN@bsidiaries had such formal linkages, while
only 67 percent of standalone firms had such forhmklage with foreign clients. These varied
degrees of linkages across various foreign actbiea very similar pattern, with MNC subsidiaries
and MNC headquarters exhibiting high degree ofdgés while standalone firms have relatively
low levels of linkages.

This environment of learning embedded in large M@svides the worker with the opportunities
to acquire relevant skills along with the evolutiohthe industry in an informal but continuous
learning process. In many cases the worker engagieect interaction with many of these sources
of knowledge and ultimately become the carrierq@fv knowledge in their place of work. This
apart, the large MNCs in India, as well MNC submigis operating in India engaging in such
formal and informal learning environment providesrh with another advantage. These firms do
not have to seek highly skilled workers with higivels of technical qualifications as their
employees. For these firms, the largest share @f fhresh recruitments occurs through campus
placements. Fresh graduates without industry espeei are usually preferred. Studies show that
many firms recruit new employees not on the batith@ir specific IT qualifications but on the
basis of their adaptability and ‘learnability’ (Rébeck et al., 2001; Abraham and Sharma 2006).
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Table 8: Formal linkages with foreign actor groups acro$fedint type of firms (%)

Stand alone MNC Subsidiary  MNC head quarters Total
Clients 66.5 86.79 80.0 75.23
Suppliers 50.9 74.53 72.0 61.92
Competitors 341 56.6 60.0 45,51
Consultancies 40.1 63.21 68.0 52.01
Government 35.3 58.49 72.0 48.61
Universities/RI 27.5 44.34 46.0 35.91

Note: the figures represent the share of firms withgi@dar type of linkage in total number of firms the
specific firm type.

Source: Estimates based on INGINEUS survey data

However, for the standalone firms, typically smalle size, and very weakly networked to global
sources of knowledge experience a low level offitme’s informal internal learning environment.
Its narrow product range and smaller size limgsaibility to provide large scale formal training fo
new employees. This would imply that these firmayéhlimited choice to meet the problem of
worker attrition, ultimately resorting to wage amtions to retain workers. This has led to the
escalation of the wage bill in the standalone fimmshown earlier.

The innovative abilities of these MNCs in turn greinslated into higher profits and larger volume

of sales. The Indian MNCs and foreign MNCs had bamrsistently having a much higher ratio of

profit to sales ratio compared to the standalonadi(see table 9). On the average, during the
period 2000 to 2009 the profit to sales ratio akefgn MNC subsidiaries and Indian MNCs was

15.5 per cent and

Table 9: Size and profitability (profit to sales Ratio %)different types of firms in India’s IT sector.

profit to sales ratio (%) Average sales per firm (Rs. million)

Foreign Indian Stand Alone Foreign Indian  Stand Alone
Year MNC MNC Firms Average MNC MNC Firms Average
2000 25.7 18 111 17.6 4.24 11.31 1.16 4.09
2005 17.3 20.8 34 17.1 12.55 36.17  2.86 10.66
2006 17.5 21.1 9.8 19.6 17.72 49.7 1.75 13.13
2007 13.6 22.7 11.2 20.6 20.35 70.17 255 18.31
2008 12.5 22.3 10.6 20 24.91 86.15  3.78 23.36
2009 13.3 10.1 8.5 10.3 31.02 107.76 4.17 28.04
2000-2009 155 18.3 7.4 16.6 12.95 37.36 2.25 5811.

Source: Estimates based on CMIE data

18.3 percent respectively where as it was onlypértent in case of standalone firms. The higher
innovation capability of the MNCs (both local aratdign) also enabled them to expand their sales
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volume such that the average standalone firm hadles volume of only Rs 2.25 Million per
annum, while the Indian MNCs were nearly seventears larger and foreign MNC subsidiaries
was on average six times larger than the standdions. More importantly, the observed growth
in the sales of standalone firms has also been atueh lower rate as compared to their
counterparts. While sales of foreign MNCs and IddBICs recorded nearly eight fold and nine fold
increase during 2000-09 that of standalone firnessiased only by less than four times.

9.5 Concluding observations

The Global Innovation Networks are here to stay #red participation of firms from developing
countries is likely to be more than ever beforerythe years to come. This has been induced by
both push factors from the developed countriespidfactors from the host developing countries.
It has also been facilitated by the liberal tradel anvestment policies on the one hand and
increased use of information technology on the rotvtach in turn reduced the uncertainty as well
as the cost of coordination and transaction thaletmined the power of centripetal forces. The
GINs are also perceived as intrinsically having flwgential to emerge as the key catalyst in
enhancing the innovation capability of firms in hdeveloping countries. Yet our understanding on
the implications for host developing countries twit participation in GINS remains at best
rudimentary because of the deficit in theoreticatiformed empirical research on this issue. The
present study, therefore, drawing insights from Eh#ch disease economics and the underlying
specific factors model, explored the implicatiorfslmdia’s increased participation in GINs by
taking the case of India’s ICT sector with a viendtraw policy implications.

This study has shown that the generally held vieldia is a country with abundant supply of
skilled manpower - does not empirically hold. lastegiven the much lower proportion of people
with higher education, the skill intensive sectitke ICT are confronted with severe skill shortage
as manifested in high rate of employee attritiod &rgher rate of growth in wages and salaries.
Under such conditions, India’s entry into Globahdwation Network, as manifested in the growing
FDI in R&D, result in an intense competition betwdecal stand alone firms and MNCs for the
available skilled manpower. This in turn adversaffiects the innovation capability of standalone
firms vis a vis their MNC counterparts (both foreign and localfau$ viewed, the current
environment confronted by the relatively small stafone firms is entirely different from what the
today’s Indian MNCs enjoyed in the past and thepscfor the stand alone firms to emerge as
Indian MNCs is limited.

To the extent that the state played a crucial rolmaking India’s ICT sector attractive for foraig
MNCs, the state has to play a crucial role in therent juncture wherein in the GINs appears to
bridle the local innovation capability. This wilalt for new institutional arrangements and policy
initiatives with respect to innovation policy in rgggal and FDI policy and human resource
development policy in particular to harness theeptial spillover effects of GINs. In the absence of
such interventions, the global innovation netwonkight turn into global innovation traps with
serious adverse consequences.
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10 MULTINATIONAL STRATEGIES, LOCAL HUMAN CAPITAL,
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AUTOMOTIVE INDUSTRY: CASE STUDIES FROM
GERMANY AND SOUTH AFRICA
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Abstract: Until recently, innovation in the automotive secteas highly concentrated in a few
developed countries. However, the centripetal fnréving this concentration may be increasingly
countered by centrifugal forces that favour incegknowledge-intensive activity in developing
countries, and hence the formation of Global IntiovaNetworks (GINs). The availability of the
requisite competencies and capabilities in hosthtas is one of the key drivers of this process.
Using Lall's capabilities approach, and againsaekidrop of recent trends in the global automotive
manufacturing sector, we interrogate five case \stiiins to learn more about the relationship
between multinational strategies, local human efpaind the formation of GINs. The firms include
three German multinationals with subsidiaries iut8oAfrica, and two South African firms with
subsidiaries in Europe. The German multinationaldentake an array of measures to access or
internally develop the competencies and capalslitiequired for technological upgrading and
increased knowledge-intensive activity, some ofalthéntail incipient GINs. The South African
firms adopt different strategies in response taicstiral constraints and local skills shortages,
including the initiation of GINs. One of these $tgies is the purchase of knowledge assets in
developed countries. However, these purchases tdguasantee knowledge flow — this takes time,
capabilities upgrading and the careful organizaionanagement of tacit knowledge. The various
strategies exhibited by the case study firms redpgonthe sectoral dynamics of the automotive
sector and to the human capital landscape in Safuitba. This renders a generalized model of GIN
formation, both from North to South, and from SotgtNorth.

Keywords: Global Innovation Networks, Multinational Strategji¢luman Capital
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10.1 Introduction

This paper focuses on the relationship betweernesfies of Northern and Southern firms, mostly
multinational enterprises (MNEs), and human capitebouthern host countries in the automotive
supply industry, and the implications of this relaship both for the management of technological
change and for the constitution of global innovatreetworks (GINs). We define GINs as global
networks in which some knowledge-intensive acegtare based in developing countries. They
differ qualitatively from the better known globaftoguction networks (GPNs) where Northern
MNEs traditionally control the key technologicakats, while outsourcing the supply of parts and
components or assembly to contract manufactunergaiticular, we use firm-level case studies to
explore the micro-determinants effecting the evotutof GINs (which can evolve from and be
nested within GPNS).

GINs are a result of the emerging geography of Kedge-intensive activities in the global
economy. On the one hand, the increasing compleaftyknowledge required for global
competitiveness, shorter innovation and productesyand the associated cost pressures have led
MNEs to offshore and outsource R&D (Archibugi amanmarino, 2002; Wooldridge, 2010). On
the other hand, the spread of technological caitiabilin a number of advanced developing
economies, including lower middle-income countresch as China and India, have opened
opportunities for design, applied development, eaneh basic research (UNCTAD, 2005). What is
new is not the offshoring or outsourcing of R&D ger(OECD, 2007), but the gradual involvement
of firms and other actors such as universities rasdarch labs from a few developing countries in
what until a decade or so ago played itself ouluskteely among the advanced Triad economies
plus a few latecomers from East Asia, notably Kaed Taiwan.

The evidence concerning GINs is not comprehen3igadate it is primarily based on indications of
CEOs or R&D managers of important Northern MNEs vplasticipated in surveys (Dilk, Gleich,
and Wald, 2008; UNCTAD, 2005) or on descriptionsnafividual examples of such GINs, often in
the business press (Wooldridge 2010). The most peimepsive and recent source of data is from
the European Commission’s INGINEUS project, which 2010 included a survey of 1215
companies in six European countries and in Br&tina, India and South Africa in three industries
(agro-food, automotive, and ICT). It was found tR&t per cent of these firms offshored either
production or R&D, and that, next to market acc#ss,availability of specialized competencies at
lower cost than in the home region, as well asst® knowledge infrastructure and services in the
host region, were the most important location-dpeeaidvantages. Between five and six per cent
additionally reported that subsidiaries in devehgpicountries were responsible for strategic
management, product development, and technologyeowkss development (see the Appendix A
for more information about the survey).

While the existence of GINs is not in doubt, thewolution is less clear. We do not know much
about the micro-determinants shaping the formabtbrGINs that are anchored within GPNSs.
Dutrénit (2004) pointed out that the literature tenohnological upgrading in developing countries
had only ever asked how firms graduated from sim@anore sophisticated capabilities, without
looking at subsequent trajectories that would bthrgm closer to the global technological frontier
(see also Lorentzen, 2009). To some extent, tmplgireflected an empirical reality, namely that
the majority of developing country firms did nobfiovate” in the sense of pushing the frontier.

Yet apart from the fact that there were importaout8ern firms that did not fit the idea of
“innovation” only as “adaptation” (Hobday, Rush,daBessant, 2004; Kim, 1997) — Samsung’s
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overtaking of Sony is but one example (Chang 2608) small size of this phenomenon does not
justify the neglect of the conceptual and theoatticcatment afforded to the evolving technological

trajectories of developing country firms toward r@athe-world activities. Apart from the fact that

it was always unlikely to remain small, it is inchemt upon researchers to recognize the limitations
of the existing literature and think more systecaly about how developing country firms master

the hardly trivial process of moving from a merelyerational understanding of technologies (as
part of a GPN) to an understanding of the pringigdehind these technologies that is required for
innovation activities (as part of a GIN).

The present paper is an attempt to contributeltetir understanding of the micro determinants of
GINs. Since the INGINEUS survey indicated that #@eailability of specialized lower cost
competencies and knowledge infrastructure and ceswvere critical location-specific advantages,
we have focused this paper on the role of humamatap developing countries. Lall (2001)
analysed the relationship between education arits sistems, and technological trajectories in
East Asia. He showed how education and skill ggragemust anticipate technical change in order
for host economies not only to become and remaiactitve locations for multinational investment,
but also to exploit the associated knowledge texnahd spillover in support of economy-wide
upgrading. Yet he did not look at R&D capabilities.

This paper extends Lall’'s analytical frameworkrolude R&D and innovation activities. Against a
background of data describing host country absgeptapacities (with a focus on education and
skills data and foreign direct investment datay] arreview of current dynamics in the automotive
sector, we interrogate a set of case studies frdeurapean car producing economy (Germany),
whose assemblers and suppliers have investmenimigartant advanced developing countries
(South Africa). We also look at some South Africiims that invested in Europe to access
knowledge from more advanced suppliers. These sas#ies aim to illustrate how sectoral

dynamics and local human capital conditioned thebemiding of South African automotive

manufacturers into (sometimes incipient) GINs.

The automotive sector is suitable for this analysecause it includes a range of different
technologies, which illustrate different technolmadi learning trajectories. The sector also offers
clear delineations between skills levels in the aorgation (worker, supervisor, engineer,
management, scientist), which facilitates an amalyaccording to Lall’'s understanding of
technological upgrading being reliant on upgradatgall skills levels. The firm locations in
Germany and South Africa illustrate North-Southatieinships; although there are unique aspects to
these countries, they nonetheless have valueussrdtive cases of a developed and a developing
country. In this context, our analysis of the caselies focuses on specific instances of technical
change, how they were supported by human capigdading, what difference this made (or not)
for the control of technological progress withirclkeavalue chain, and how all this influenced the
evolution of GINs from GPNs.

10.2 Conceptual framework: MNEs, human capital, and tecinological learning
in developing countries

The unit of analysis for this paper is people, #raskills, competencies and capabilities that they
embody. We make distinctions between these termsdoan the work of Van Tunzelmann (2009).
Here we refer teompetencieas specific sets of skills and knowledge whichwaeally generated
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outside the firm, for example through educationiingons, but can also be generated inside a firm,
for example through internal training programmeshéW a Northern firm is investigating the
possibility of investing in a developing countrifetavailability of the required competencies is a
key factor. On the other hanchpabilitiesrefers to the functional capacity of (people ie3id firm

to complete specific tasks required for its roleaasipplier, producer, or consumer. Capabilities ar
usually built up from inside a firm, for exampledbhgh experience, the gaining of tacit knowledge,
and organizational innovation. If a Northern firegeeking to purchase a Southern firm, it is the
capabilities embodied in that firm that offer valV@e use the terrhuman capitalas an umbrella
term that refers to and includes the notions of petencies, capabilities, absorptive capacities, the
strength of education and training institutions] areativity.

MNEs thus embody certain capabilities while at faene time looking for new ones in a few
advanced developing countries. At the same timey, thust be able to transfer their technologies to
subsidiaries or JVs in these developing countAdsorptive capacity is thus a key consideration -
Cohen and Levinthal (1989, 1990) define absorptapacity as the extent to which external
knowledge can be internalised. In the South, edutaind training systems are an essential element
of high absorptive capacities which in turn arerergquisite for GINs. The relationship between
foreign direct investment (FDI) and local humanitdps two-way. On the one hand, educational
achievements attract inward direct investment (Haksh et al 2001, Te Velde 2005, see also
Dunning 1993). On the other hand, MNEs exert infieeover education and training systems post-
entry, both directly (Borensztein et al 1988, laald Narula 2004, Lorentzen 2008, Spar 1996, Tan
and Batra 1995) and because they increase coropefithuang 2000, Grossman and Helpman
1991, Moran 1998), while accelerating skill-biagedhnological change (Berman et al 1988, Te
Velde and Xenogiani 2007).

Lall analysed dynamic upgrading (2001, esp. Cha@ei7) by linking the capability approach with
an analysis of human capital. Important elementsirof-level capabilities and, hence, learning
include the following. First, since technologieskaalifferent demands on learning requirements,
the learning process is technology specific. Whaitke in an electronics plant where an essentially
codified new technology may be embodied in a nexe@iof capital equipment, is not necessarily
relevant for an automotive supplier facility whene emerging technology may be a lot more tacit
(Jung and Lee 2010). This also means that when kamowledge is important, the role of
geographic proximity rises. The breadth of skilledaknowledge required to master new
technologies also differs, as does the time to th&m on.

Second, different technologies depend to diffediegrees on external sources of information. In
the extreme case one might think of an almost cmifained cluster as opposed to a global
technology network to which different firms and easch institutes or migrating knowledge

workers contribute. Third, relevant human capmaide the firm includes everybody from the shop
floor to senior management. The design of a newlymbmay primarily be in the hands of a few

R&D engineers. Yet whether their research leads twommercially successful innovation also
depends on the efficiency and quality with whichrkess turn prototypes into products. Thus our
analysis of skills availability in host countriesciudes specific foci on the level of the worker,

supervisor, technical, engineering, managementseiaahtist.

Fourth, technological trajectories cannot be swfoédy relying exclusively on the mastery of
operational know-how. It is also necessary to ustded know-why, which implies deeper
capabilities that include an understanding of thiagples of the technology. This is especially
important in the context of GINs as opposed to GPfdes the latter the exclusive pursuit of
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operational know-how may be a feasible strategykbaw-why is critical to GIN formation. Fifth,
technological learning takes place in an envirorinadraracterized by externalities and linkages
which in turn depend on institutional charactecstiEducation and training institutions are among
those that matter prominently

In looking at the specific linkages between MNEg dacal human capital, it is pertinent to
distinguish between internalized as opposed toreaxlieed transfers of technology. When a MNC
chooses to keep (proprietary) technology to itgék, transfer of know-why (but not typically of
know-how) may suffer, unless local R&D capabilitiese already high (which in developing
countries they of course often are not). Either wagal firms must develop the skills and the
knowledge to master the tacit elements of whategveithat is being transferred.

Much as early and later stages of catch-up reglifferent kinds of skills and competencies, there
are presumably differences in terms of the leveb@phistication at which latecomer countries,
regions, firms or other actors get involved in GINleese differences may play out within the very
same country — for example, whereas a university Ipeainvolved in basic research that feeds into
the design part of a GIN, a firm may contributeductive activities that are mere assembly. So
although the terminology afationaltechnological capabilities is a useful way of #ing about the
technological trajectories of countries, it of cegiidoes not mean that entire countries get slotted
into GINs at specific levels of (high or low) tedlogical sophistication, but rather at a range of
activities (see also Hobday et al 2005). Undoultédwever, the emergence of GINs implies that
education and training systems can on average mgefoprovide a merely literate and numerate
workforce, as they may have done at the very béggnof technological capability building.

10.3 Methodology

In order to identify the effects of firm strategiasd local absorptive capacities on the nature and
quality of technical change and GIN formation, wstfselected German first-tier supplier MNEs
with investments in South Africa. Research teamseach of these countries contacted their
respective firms and arranged interviews with managn charge of R&D, technology, or
innovation as well as of human capital. This reedematched case studies where the teams
interviewed both headquarters and subsidiary. Tlases were supplemented by interviews with
South African firms that had invested in subsidiarin Europe. These ‘South-North’ cases were
complementary, in that they illustrated the formatiof GINs from a Southern origin and
perspective.

We compiled profiles for each firm, based largatytade magazines and other specialist literature.
The interviews were semi-structured and focusedupgrading and location strategies, human
capital, and the management of technological chalmgene with Lall's observation that skills at
all levels matter in processes of dynamic upgradiing human capital dimension of the interview
included questions about all skill levels of therkforce, from shop floor workers to scientists.
Within each case we then focused on a specifi@am# of technological change that required
upgrading across some or all skill levels of then§ workforce, and identified the requisite
learning as well as the actual form this upgradouk

These instances of technological change were thalysed within Lall's conceptual framework,
and against the backdrop of sectoral dynamics lamavailability of local competencies. These rich
cases provide concrete illustrations of the arfahactors that shape the emergence and evolution of
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GINs, both from North to South and from South tatRpwith a focus on the role of human capital
availability. We set out to establish to what ext&INs are emerging from GPNs, what their
technological trajectories are, how these are amited by contextual factors. Our case studies
examine how the various pressures within the autemgector articulate with local human capital
availability to inform firm strategies with regartts technological trajectories and GIN formation.
The strategies of both German MNE and South Africaginated firms are explored, with a focus
on how they manage technological upgrading, botbuih accessing technology transfer from
outside the firm and through internal knowledgedoiciion such as R&D.

Interviews took place in the second half of 20168 E&sted up to two hours. Researchers produced a
synthesis of the conversation which they submittethe interviewees for the vetting of accuracy.
The firms were assured confidentiality. The casgliss include five firms, of which three are
German MNCs with subsidiaries in South Africa, dn are smaller South African firms with
subsidiaries in Europe and other developed counfsiee Table 1).

Table 1: Case studies description

Firm Turnover Locations Product range Interviews
2009 conducted

Drivetraincomp €5-10 bn Global: 180 locations th 5 clutches and bearings South Africa
countries

Exhaustcomp €1-5 bn Global: locations in more exhaust systems, Germany, South
than 20 countries heating systems Africa

Tempcomp €1-5 bn Global: 22 production heating and cooling Germany, South
locations, 11 development systems Africa

centres, and two fully
equipped R&D centres.

Elecsysl €0-1 bn HQ and manufacturing in electronic components  South Africa
South Africa, sales and
R&D centres in the UK and
us

Note: Turnover is given in ranges to protect anonymity.

10.4 Sectoral dynamics: trends in the global automotivenanufacturing industry
and their effects on innovation

10.4.1 Global growth and the market shift from West totfasd North to South)

Global vehicle production more than doubled betwé&&@5 and 2007, coinciding with rapid

globalization and the restructuring of global autdine value chains (GVC). The relative weight of
developing countries, especially India and Chima, vehicle output has increased, whereas
production and sales have shrunk in Western EuampeNorth America (Sturgeon et al, 2009).
Between 2007 and 2009, the share of developing topuwriginal equipment manufacturers

(OEMSs) in global production increased from 1.9 pent to 7.5 per cent, largely due to growth in
China. During this period the Asia-Pacific regioasathe only one to increase its proportion of both
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global sales (by 2%) and global production (by 7#a)tomotive World Automotive Passenger Car
OEM Quarterly Data Book, 2009).

The onset of the world financial crisis in 2008 eélecated this trend. Prior to the crisis, analysfes
the structure of the automotive market tended ttedme the importance of regional markets, since
OEMs historically produced and sold most of thairscin their home regions in Europe, Japan, and
North America (Sturgeon at al, 2009). Both politi(dae iconic stature and the influence of the
industry) and economic (such as just-in-time rezgaents and logistical problems associated with
heavy components) factors militated in favour gfioealisation. The market shift eastwards was
characterized as gradual and unlikely to changbajldynamics dramatically. However, with the
financial crisis it became clear that the shift leatelerated and that it was likely to cause far-
reaching changes in global value chains, and comesgghanges in the geography of production
and innovation (Wad, 2010).

10.4.2 Global value chain re-structuring

Value chains in the automotive industry are produkcven (Gereffi, 2005), which means that lead
firms, namely the OEMs and a few large global sigpg) all of which are still located in developed
countries, account for the bulk of innovation aityiv the production of most engines and
transmissions, and almost all vehicle assemblytions. These firms have strong co-ordination
capabilities and huge buying power, and the topatgiomotive groups dominate the global market
(Wad, 2010). The largest first-tier suppliers hderome system integrators; they take on an
increasingly larger role in R&D, innovation, prodion, and the allocation of investment. This has
increased their bargaining power within the supghain (Becker, 2006; Birchall et al, 2001;
Chanaron and Rennard, 2007).

In the re-structuring of global value chains in #890s and 2000s, MNEs took majority control of
many joint-venture assembly operations. Suppliemnfthe OEMs’ home regions set up operations
in proximity of foreign locations of the assemblegs process referred to as follow-source. In
addition, domestic suppliers were largely relegdatethe second or third tier, or were taken over
(Barnes and Kaplinsky, 2000; Barnes and Morris,8203umphrey et al, 1998; Humphrey and

Memedovic; 2003; Rutherford and Holmes, 2008).

The financial crisis increased cost pressures enirtustry, turned up the heat on OEMs, and
accelerated supplier consolidation. The numberirst fier suppliers fell globally from 8,000 in
2002 to around 2,000 by 2010, driven by the wen#rifcial position of the industry, acrimonious
relationships between OEMs and suppliers, and lapacity utilisation (Barnes and Morris, 2008;
Osterman and Neal, 2009; Maxton and Womald, 20048. growth of large global suppliers — for
example Bosch, whose turnover rivals that of smaldsemblers — will possibly lead to the eventual
emergence of six to ten globally dominant firstr teystems integrators. FDI into developing
countries added to global overcapacity, furtherllifugg cost pressures (Sturgeon and Van
Biesebroeck, 2010).

10.4.3 Innovation and upgrading

Market changes and value chain dynamics strongfiyance innovation drivers in the sector, which
in turn is likely to impact on the role of humanpttal in the formation of GINs. Firstly, the
concentration of power within a few lead firms hawlications for the structure of innovation.
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Innovation takes place at large firms — OEMs liked-and Daimler are consistently among the top
spenders on R&D worldwide (Dehoff and JaruzelskKiD®) and moves in a top-down fashion.
Assemblers create unique standards and specificativecessitated by the high level of inter-
relationships in the performance characteristicsoofiponents that differ for every model. Together
with the absence of open industry-wide standardis, aindermines value chain modularity and
makes supplier investments relationship-specifias Treates a consistent demand for R&D among
the large firms in the sector, particularly amosgeanblers and first tier suppliers, but it alsG ast

a centripetal force that concentrates R&D withia kighest tiers and largest firms. Since barriers t
entry are raised by investment requirements anithéyop-down direction of design specifications,
the scope for innovation among smaller firms igHer reduced. The close collaboration between
suppliers and assemblers also leads to agglomesadiofirms near the headquarters of assemblers
and large tier 1 suppliers, further concentratmgpiation in these clusters. The industry effeét is
limit to economies of scale in production and aff in design.

However, vehicle and component R&D has achievedtgreglobal integration than production, as

firms have sought to leverage their design funstianross multiple products and end markets, a
process referred to as follow-design, while evehtuadapting each model to its specific market

conditions (Humphrey and Memedovic, 2003; Sturgeial, 2009). This also creates high barriers
to entry and limits prospects for upgrading by derdlrms and firms in developing countries.

At the same time, contrasting dynamics are influmnpthe conduct of innovation in the industry.
Very large and growing markets such as Brazil, @hand India make it profitable for assemblers
to adapt existing or even to produce specific mo@Brandt and Van Biesebroeck, 2008). OEMs
thus establish regional headquarters as well asnmalgdesign and innovation centres. In turn, this
creates pressure for lead suppliers to follow smtl to source inputs from local second tier
suppliers which might end up supplying assemblarectly. Similarly, OEMs use advanced
developing countries, whose markets do not jusiifgcific models but are large enough to warrant
local assembly, as regional production hubs. Innttes such as South Africa, Thailand and
Turkey, this opens opportunities for local supmjencluding for export. By contrast, developing
countries that are close to and can supply on abaBis to a regional trade block (for example
Morocco, Mexico, or Turkey), tend to specialise labour-intensive components. If capability
upgrading occurs, opportunities may arise for thedpction of capital intensive parts and even
assembly (Carillo, 2004; Lorentzen, Mgllgaard, &ujec, 2003).

In sum, technological trajectories depend on therptay between both Northern and Southern
MNE strategies and local absorptive capacities, iated by geography (cf. Sturgeon and Van
Biesebroeck 2010). Some trajectories depend moreexdirrnal sources of knowledge and
technology, while other have a greater role forenmal sources such as R&D. The most
straightforward channel for technology transfemigrnally from MNEs to their subsidiaries (e.g.
lvarsson and Alstram 2005). Such transfer can,nieed not, take place in JVs (e.g. Nam, 2010;
Sadoi, 2008). Technological upgrading can also talleee when a Northern supplier transfers
technology to a Southern assembly plant or wheowh®rn assembler acquires the competencies
of a Northern firm, a strategy followed by Chiné&Ms Sichuan Tengzhong Heavy Industrial
Machinery Company, Geely, and Beijing Automotiven@any (BAIC), with their purchases of
Hummer from General Motors, Volvo from Ford, andhis to Saab styling and technology,
respectively, or Indian OEM Tata’s acquisition afdar and Land Rover.

Of course none of these strategies are guarankeetiterm success in terms of transfer, especially
of the tacit knowledge that would allow the South&rmm to bridge existing technology gaps. Firm
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strategies are also mediated by the availabilityslofis at different levels. The establishment of
production facilities as part of a GPN may requsidlls mostly at the lower levels (worker,
supervisors, technicians), while the establishnwengrowth of innovation activities or an R&D
Centre will require skills at the higher levelserfgineering and management. The availability of
these skills in host countries may act as a detemtiof technological trajectories and the evolutio
of GINs within GPNs.

10.4.4 Global innovation networks?

By comparison to other industries, notably eledtenit is evident that GINs do not (yet)
characterise the automotive sector. The most irmpbEMs and suppliers continue to be located
in a few regions in a few developed countries. Toaytrol a very hierarchical value chain, based
on follow-design and follow-source, and centraljseost) R&D. Due to the nature of automotive
technology, investments are often asset-specificcdwosely tie suppliers to system integrators and
assemblers. Finally, the industry is already higtdycentrated and this is likely to increase furthe
The general consensus in the literature is thatctimbined effect of these characteristics is to
curtail opportunities for new-to-world innovatioorfSouthern firms.

However, it is also evident that the industry, eséy in the context of the global financial cesi

is changing. Markets in Asia are slowly outgrowitite automotive heartlands in the Triad
economies. The design of specific new models aaseddaptations of existing models rely in part
on local design and innovation centres that crdateand for R&D. At the same time, two decades
of production of cars for global markets by devalgpcountry producers have raised their
technological capabilities. Some of these firmssariciently confident to acquire Northern assets
to advance their upgrading yet further towards fitoatier. In addition, cost pressures on the
industry make it irrational to neglect stronger @psive capacities in developing countries,
including in R&D. Taken together, this does not mélaat the emergence of GINs is a foregone
conclusion. But it does mean that the literaturevisng to neglect or dismiss powerful economic
arguments in favour of R&D offshoring and outsongciand advance an interpretation of
automotive industry dynamics based more on the thast on a consideration of possible future
developments, as well as incipient instances ofwkedge intensive activities in the South that
point to a gradually evolving, different landscape.

In sum, trends in the automotive industry do nétpalint in the same direction (see Table 2).
Features that have been characterizing the indsgsioe the early 1990s — hierarchy, knowledge
architecture, and consolidation — do not on balaiaweur the evolution of GINs. On the other
hand, cost pressures which have been around faddsdut which the global financial crisis has
exacerbated, bringing a few OEMs to the brink afidvaptcy, and the eastward shift of markets
both for production and sales open up opportunibedirms in countries like Brazil, China, and
India. They can combine their advanced capabiliiél market-seeking investments by OEMs to
work on adaptation as well as dedicated new velnnddels. OEMs and lead suppliers, in turn, can
adjust to cost pressures by exploiting high-levapabilities in R&D that firms and research
institutes in these countries offer at more contpetprices.
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Table 2: Characteristics of the automotive industry

Feature Does not favour GINs Favours GINs
Value chain A few OEMs and system integrators in the
hierarchy North control all activity. Unique standards and

specifications require asset-specific
investments. OEMs insist on follow-design.

Value chain Division of labour in R&D between OEMs and Follow-source in large emerging markets
knowledge lead suppliers leads to agglomerations in the involves local second-tier suppliers that can
architecture North and to follow-source. move up the hierarchy.

Consolidation Raises barriers to entry for smadl an

developing-country firms.

Cost pressures Opens opportunities for high-level capabilities
in traditionally high-cost activities from lower-
cost sources in developing countries.

Market size and Production and sales in Brazil, China, and

growth India are catching up on automotive
heartlands. Adaptation of existing and design
of new dedicated models create demand for
R&D.

10.5 Automotive foreign direct investment, competence ailability, and
absorptive capacity in South Africa

Germany has a long history of investment in SoutHcA's automotive manufacturing sector.
Volkswagen has been assembling vehicles in SoutlicaAfsince the 1950s, and BMW and
Mercedes since the 1970s. These assemblers havelygeorted by a number of German suppliers
who have subsidiaries in South Africa. All threeseaablers have had a similar technological
trajectory: they began as ‘completely knocked doassemblers of imported components or semi-
assembled car kits, moved to higher value addeshdsy with a larger domestic supply base, and
since market liberalization in 1995 have absorleghriologies from their parent companies and
upgraded to become Word Class assemblers thatteggal parts of GPNs. Their supply based has
evolved along with the assemblers.

A key factor in the allocation of more knowledgeeimsive activities to South African assemblers
and suppliers has been their capacity to absorbteéegmologies from Germany. The characteristics
of local absorptive capacity in the South Africartcmnotive sector can be gauged by examining
previous FDI patterns (as historical indicatorsabforptive capacity) and educational output data
(as indicators of the availabilities of the reqdicmmpetencies).
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Due to South Africa’s history of unequal developtahe country suffers from severe skills
constraints, within which are nested pockets ofhérgevel competencies and capabilities.
Although the country spends massively on educadioth achieves comparatively high enrolment
rates, in many indicators the education systemsatkhe bottom of international league tables,
especially in math and science education and th#adiity of scientists and engineers. Brain drain
is also a problem. At the same time, the countig/rietatively good public research organizations,
business schools, and university-industry linkaggee Appendix B for key indicators comparing
South Africa with other developing countries andhwbermany).

But these are average assessments. More impogambw skills constraints affect automotive
firms, how firms address them, and with what effétistorically, the skills required for the growth
of South African firms and their integration intoropetitive GPNs have been available, through
competences developed both externally and witimsfi Until the early 1990s, the South African
automotive industry, which included most large OEM&s largely cut off from international
competition, investment, and value chain relatigrshit primarily supplied the domestic market
and was not internationally competitive. Followipglitical changes in the country in 1994, the
OEMs returned to South Africa and reacquired thessets. They were attracted by market
liberalization and the Motor Industry DevelopmenarP (MIDP), an industrial policy aimed at
attracting inward direct investment and featurimgidport-export complementation scheme, by
which component and vehicle exporters could eaedits to offset import duties (Barnes, 2000).

Just as in other developing and transition econsnaemponent producers followed suit. Between
1997 and 2003 sourcing from domestic multinatiosabsidiaries increased from 26 per cent to
37.5 per cent of the supply base, while the udedaa firms with local technologies declined from
25.8 per cent to only 10 per cent (Lorentzen andn&g 2004). Between 1997 and 2008,
investments by assemblers amounted to ZAR31.2lwhath eight per cent was devoted to R&D
and engineering (Gastrow and Gordon, 2010). Thisdp@ comparison to investments undertaken
in Brazil, Mexico, China, Thailand, and Central &pe (Black, 2009). However, BMW, Daimler,
and VW positioned their South African operationsadsey element in their globalization strategies
of the 3-series, the C-Class, and the Golf GTlpeesvely, seeking not only greater production
efficiencies but export capabilities, and inveseatordingly. Between 1995 and 2008 South
Africa’s production increased from 278,000 to 5@® Qunits, largely driven by exports, which
increased from 16,000 unit in 1995 to 284,000 i6&®r from four per cent to 51 per cent of total
production (Gastrow and Gordon, 2010).

The result of investment in plant and human capitpgrading was that the local industry
significantly improved its performance to reach lderlass levels. In terms of cost control, quality,
flexibility, reliability, human resources, and prad testing, South African plants closed the gap to
their international competitors, a gap which in #sly 1990s had been rather large. In terms of
quality, local plants ranked better than the ind¢ional average (Barnes and Morris, 2008), and the
performance of local subsidiaries such as the BM&¥tgn Roslyn occasionally exceed their parent
operation in Germany (Goldstein, 2003, quoting dBePowers Gold Quality Awards, 2002). In
sum, the technological and organizational perforeanf the industry as a whole and the
capabilities of its human capital improved over It decade and a half.

Thus, in contrast to data describing national skadlailability, while the industry increased
investment, production, and exports from the secball of the 1990s (bolstered by market
liberalization, policy support, domestic marketgtio, and increased investment), the availability
of mid- and high-level skills was largely sufficie(Black, 2009). OEMs played a major role in
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upgrading unskilled and semi-skilled workers aslWelg. Lorentzen, 2007). This suggests that
automotive firms had established means of creatigarnessing the skills they needed to grow and
to technologically upgrade.

Thus human capital in South Africa has historicdlgen sufficient for the integration of local
automotive subsidiaries into GPNs. There have bésn pockets of innovation activity and R&D.
Previous research has described these activitiasti@v, 2007; Gastrow and Gordon, 2010). It was
found that assemblers and component suppliers dmadsufficient skills to undertake niche R&D
activities, mostly related to adaptation for thedlomarket, and occasionally the design of new
models for the local market. However, the margaalilability of local skills is small, and this was
found to be a constraint on increased R&D actigityhese firms.

10.6 Case study analyses

Each of our case studies represent a specific @agvement along a technological trajectory.
Within this, there is a focus on specific instanoégechnological upgrading. Each of these reflects
a strategic decision to undertake a process oruptochange in a specific location, and each of
these strategic decisions is influenced by thelavidity of the requisite human capital (amongst
other factors). Ceteris paribus, the closer thengbais to R&D as opposed to other forms of
upgrading, and the more it takes place in SoutlcAfas opposed to Germany, the more evidence
there is of a (potentially) evolving GIN.

R&D strategies of the case firms range from nodmpglete offshoring. The German MNEs are
more or less reluctant R&D offshorers. Exhaustcoamu Tempcomp undertake very little
innovation activity in South Africa. Their South idan subsidiaries can be described as being at
the very incipient stages of integration into a Ghdt is emerging from within a GPN. Both of
these cases explore the role of human capitaisaetrly stage of GIN development, and both also
contrast innovation at the South African firms tmovation centres that have been established in
India by the same MNEs. Drivetraincomp undertakealspockets of development activity for the
South African market, and is somewhat more evolJéds case study focuses on the role of local
market adaptation in stimulating innovation in bwest country.

The smaller South African firms illustrate GIN foation originating in the South. Elecsys2
undertakes its R&D in South Africa, and channels kmowledge to its subsidiaries in Europe and
Australia. Conversely, Elecsysl undertakes itsrer@&D abroad, following the purchase of a
knowledge-intensive firm based in Europe and the b8 undertakes production at the South
African headquarters. These cases illustrate homanucapital, and the search for it, shape the
formation of GINs not just extending South from theveloped world, but extending North from
the developing world.

10.6.1 German MNESs with subsidiaries in South Africa

The three German MNE case study firms are all gtstand’ firms that originated in Germany in
the late nineteenth century or early twentieth wsntand have grown to become global suppliers to
the automotive sector on the back of continuous RRBvetraincomp, in addition to headquarters
and operations in Germany, has an additional 18tilons in 50 countries. The group
manufactures a broad range of products and is arrmapplier to global OEMs. The South African
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subsidiary focuses on the production of clutched eslated components. This subsidiary has
consistently supplied several of the OEMs with adsdg operations in South Africa, and also
supplies the aftermarket. Exhaustcomp is also heatlered in Germany, and has subsidiaries in
over twenty countries. The firm produces exhaustesys and related products for OEMs across
global markets. The South African subsidiary wastdshed to supply local OEMs and also to
export back to Europe to earn import complementatoedits according to South Africa’s
automotive development policy scheme. Tempcompigesvheating and cooling systems to global
OEMs. The firm has a global footprint of nine deyghent sites, 22 production sites and ten joint
ventures worldwide. There are three productionlifees South Africa, supplying mostly domestic
customers.

All interviews at the German-owned firms reportédttskills availability in the home country is
sufficient to support the core R&D functions of tliem, usually located in proximity to
headquarters. In Germany an excellent educatiotersyand vocational training system produce
large quantities of high-level skills, and moreotlex recent contraction of the sector has resiuited
floating skills being available in the labour mark€hus human capital availability is not a driver
for outsourcing innovation activity from Germany ather countries; rather, it is human capital
availability in host countries that influence thetisions. One important factor is the availaypilit
the requisite skills and absorptive capacities &veer cost; another is proximity to large final
markets, where adaptation to local tastes and tiondimight be a preferred strategy for growing
market share. The contrasting cases of India andhS&frica illustrate how differences in these
pull factors lead to different outcomes in termghaf allocation of knowledge intensive activity and
the trajectories of technological upgrading.

R&D has been part of Drivetraincomp’s strategy siiis origins in the late nineteenth century, and
has played a major role in establishing its glabatket position. The group traditionally conducts
basic R&D as well as pre- and product developmeiiséheadquarters, and centrally coordinates
global innovation activity. This is typical of tisector in Germany. It invested in a new R&D centre
in the US in the early 2000s and more recently in&, both of these being responses to market
opportunities and the need to be geographically @hdrwise closer to their customers in these
markets. The South African subsidiary only undestalapplied development. For example,
Drivetraincomp SA designed a specific drivetraimponent for a Japanese OEM. For this contract
it interacted directly, not via the parent, witle tbustomer. Its knowledge of local road surface and
load conditions allowed it to develop an adaptatbman existing component to the much tougher
requirements faced by commercial vehicles in deguelp countries. Its technology was
subsequently passed on to the Brazilian subsididrg example illustrates how pressures to adapt
products to domestic markets create opportunitiesihovation in developing countries.

These opportunities, however, can only be grasp#ateirequired capabilities exist. Despite skills
shortages at the aggregate national level, Drivetoap’s South African subsidiary reportedly can
access most of the competencies required for apgbgelopment, and over time the firm had built
up development capabilities. While average literaicgt numeracy levels in the country are low (see
appendix B), an unequal education system appegm®tiuce sufficient high-level skills to meet the
firm’s engineering and innovation needs, although inhterview reported that the small size of this
pool acted as a constraint on the growth of knogéeithtensive activities, particularly with regards
to engineering. Where skills gaps occur, local eegis make use of the group intranet to access the
requisite skills from colleagues in Germany or otbeuntries. For example, they consult with
mathematicians and physicists based in Germanyneghrds to basic research issues, or they can
consult with specialists based in Brazil if theseaiparticular matter of applicability to develagpin
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country conditions. Communication is horizontal ataks not go through headquarters. Thus, in
this case, an organizationally ‘flat’ GIN is nesteihin a deeply hierarchical global value chain.

Similarly to Drivetraincomp, Exhaustcomp’s and Texmmp’s principal R&D facilities are located

in Germany. This reflects high local R&D capabégi and the need for proximity to OEM
customers — as indicated in the literature andepsrted in the interviews. Both companies have
established development centres in other countviesre market size and characteristics warrant
and demand adaptation of existing products. Exlbaogt has four such centres and Tempcomp has
11 in different parts of the world. Both companigened R&D facilities in Pune, India, during the
last decade — a move in line with the sectoral dyoa of increased cost pressures and market
shifts. These centres now undertake work that tsée done either only by their parent companies
themselves, or was outsourced to specialized eagnteservice firms in Germany. Although some
of the offshored work consists of standardized sagk both cases this is a departure from their
previous practice to retain complex R&D tasks esielely in Germany, and entails an advancing
technological trajectory among their Indian sulasiigis.

The Indian subsidiaries illustrate how MNE’s resgppda large developing markets with available
human capital. In the South African case, a diffeiset of conditions have rendered a contrasting
set of responses. While Drivetraincomp’s South &sfini subsidiary undertakes some product
development for the local market, the ExhaustconthBempcomp subsidiaries conduct almost no
product innovation, and are limited to a narrowpsc®@f process innovation. In both cases the
headquarters give the South African subsidiarjelitteway in influencing process innovations,
although local managers claim that they have theegsary capabilities. For example, the South
African Exhaustcomp plant reported a reject raté®to 80 parts per million, compared to about
200 in the equivalent German plant. Because ofaige finished goods stock held in the logistical
pipeline to their international customers, the &oAfrican subsidiary suffers far higher costs from
production rejects. It thus modified its productfmmocesses to lower reject rates to below thatef t
German plant. In the interpretation of the Southlic&h management, the existing division of
innovation labour is due to group internal hierégshrather than a reflection of lack of capabiditie
on their part.

Exhaustcomp also has some product innovation chipedi Where OEM customers request
components for vehicles that are marketed excliysimeSouth Africa, the subsidiary is involved in

product innovation for those vehicles, in partngrshith the OEM and suppliers. However, they
are not involved in development activities for asther products produced by the group. It thus
appears that a major constraint on innovation #ygtat the subsidiary level is related to the firm
strategy of ‘reluctant outsourcing’, rather thaningedominated by issues of human capital
availability.

In the cases of South African subsidiaries, thatstjic reasons for retaining R&D in Germany
(centralized control, proximity to customers, lowsr-ordination costs) outweigh the benefits of
allocating R&D to the subsidiary (lower labour sadaptation capabilities for local markets) —
with some exceptions. This leaves limited procassvation and niche areas of product innovation
for local market design and adaptation in the harfdbe South African subsidiaries. By contrast,
the Indian market offers sufficient incentives toNNIs for them to allocate R&D activities to their

subsidiaries in the country: a plentiful supplyséfils and a large and growing market.

Page 218 of 300



%t D10.1: Comprehensive research papers on “Global lrovation Networks:
‘ challenges and opportunities for policy”

10.6.2 South African firms

Elecsysl used to be a South African company tlatymed electronic components for OEMs, with
a focus on customized engine management systertes. tAé market liberalization and value chain
changes that took place after 1994, the firm wadainger of being substituted by a follow-source
supplier — its domestic customers were re-aligriimgr value chains with the agreements their
groups were reaching with their global suppliensoider to retain access to the OEM market in the
long term, Elecsysl needed a development faciligt twas recognized for its capabilities,
specifically to design the components requirediey®EMs. The firm could not find the requisite
domain competencies locally; in addition, sincebglovalue chain re-alignment favoured suppliers
based near the headquarters of OEMs, it was imperthiat the firm establish a foothold in near its
customers. Thus, in the mid-2000s, the firm acquae engineering services consultancy based in
Europe, previously owned by an OEM. The acquisifjane it access to one R&D centre each in
the European and North American markets. Muchtlieepurchase by Chinese firms of developed
country assets such as Jaguar, MG, and parts ofoytthe company bought assets that were
technologically more advanced than its own.

This established the basis of an emerging GIN, Imclv knowledge began to flow between the
Southern headquarters and the newly purchased éfortsubsidiaries. However, this does not
imply immediate technological upgrading; the diersiof labour remains similar, in that the
developed-country operations undertake R&D, whhe South African operation focuses on
manufacturing, using the designs originating in skhiesidiaries. However, the locus of control is
now in South Africa, and the developed country apens have become a tool for access to
customers and product development to meet thedsadéne company now supplies very advanced
engine management systems for upmarket vehicldsitttevelops in-house. This R&D-based
product innovation would not be possible withoue thcquisition. In combination with the
advantages of flexibility that characterize the tBoAfrican manufacturing operation (which is
small and labour intensive, and therefore moreilfle), the enlarged firm is carving out a niche as
a non-Triad first tier supplier to global OEM cusiers.

Elecsys2 manufactures electronic security systesnsOEMs and the aftermarket. Although it
exports to global markets, the firm develops mahyto products in South Africa. All R&D is
conducted internally. It owns a subsidiary in Aab#, where R&D is performed to adapt the firm’s
products to the Australian market, while the SoMthican headquarters provide technical support
and training. It does not do basic research, bdetakes applied development on the basis of high-
tech components that it sources globally. For exantbe firm imported breathalysers from the UK
and integrated the technology into an automotiy@iegtion (an immobilizer). When the market for
breathalysers grew and the UK company was notgasition to meet increasing quality standards
and higher volumes, Elecsys2 re-engineered theuptodt the assembly level, this required very
little adaptation because it is essentially a stiathghrocess. Components may vary in size and so on,
but operators familiar with electronics assembly @&asily be trained to make a breathalyser
instead. This is a capital-intensive process thatimises human error. Hence, changes in
competencies are more relevant at the level ofnemgs, and it is typically they who drive the
change in the first place. That is, they suggestva application, then design the requisite protess
produce it. This is essentially an engineeringtsatuto a human capital problem: the firm struggles
to find sufficient shop-floor skills, so it limithe locus of technological change to the engingerin
level, where it can find skills — particularly besa it has a close relationship with a local
university, from which it routinely recruits gradea.

Page 219 of 300



5. 43 D10.1: Comprehensive research papers on “Global lrovation Networks:
‘ challenges and opportunities for policy”

10.6.3 Technological upgrading, technology transfer, ar&CR

From a certain level of technological capabilitypshfirms do not either only upgrade or innovate,
but do both (Hobday et al 2005). In some areas $tidye-engineer or adapt, while in others they
already engage in new product or process designit Bupossible to distinguish between firms — or
their subsidiaries — with new-to-the-world actiggj and those that operate at a considerable
distance from the frontier.

The South African operations of Drivetraincomp dalkcsys2 undertake knowledge-intensive
activities, and Elecsys2 has significantly increbge research intensity over the past decade. Yet
both companies engage essentially in applied dpwetat, recombining complex sources of
knowledge to design components and systems. Natigages in basic R&D, nor are they likely to
do so in the future. Hence their technologicalettgry merely confirms the larger story of
upgraded supplier competencies in the automotistastiies of developing countries over the past
two decades. Neither firm faces insurmountablelsskibnstraints, and both have developed a
variety of strategies to deal with these constsaint

For example, faced with low skills levels on theliloor, when Elecsys2 develops a new product,
the primary skills requirement is at the enginegrievel. At the assembly level, new products

require very little adaptation because the eleatroomponents they produce essentially employ a
standard, capital intensive assembly process thatmises human error as much as possible.
Hence, skill is less important at the shop floaele and more important at the engineering level,
where the firm manages to find adequate skills.

Another example is the development by Drivetrainparha clutch for a major Japanese assembler.
The primary purpose of this development was to fiyothe existing design to cope with the
rougher and more varied driving conditions in SoMttica; in addition, the South African designed
product was also produced by the group’s subsidgaagil. In this instance Drivetraincomp had
access to the necessary skills to develop the ptahd successfully bring it to market in South
Africa. This access was secured through a variétyn@ans: contact with the local university,
attendance at internal group technical conferengesticipation in internalized knowledge
networks, and active recruitment of senior managermed engineering staff.

By contrast, Elecsysl and the two other German MBifitgage in activities that are qualitatively
different from merely reaching world quality stan#l&a Human capital influences these strategies in
opposite ways. In the case of Elecsysl, R&D offstgpto Europe is the result of the local absence
of the requisite capabilities. In the case of Teompp and Exhaustcomp, R&D offshoring to India
is manifestly not the local absence of such cajiasilin Germany, but their presence abroad at a
much more competitive price. In both cases, hunsgoital thus acts as a pull factor. In the South
African subsidiaries of the German firms, pockefslimited process innovation and niche
opportunities for product adaption for the localrked need to be supported by sufficient skills.
These skills can be accessed through similar meaDsivetraincomp. However, these is not much
room to maneuvre: current skills availability isffstient for current needs, but not sufficient to
support substantially larger scale or more advaiR&D — so skills supply is not an operational
constraint, but is a constraint on the firms’ tedogical trajectories and participation in GINs.

10.6.4 The management of tacit knowledge

R&D offshoring presupposes the existence of advamegabilities in the destination country, but
in an industry in which tacit knowledge plays a anaple in technological progress, the existence
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of highly qualified engineers and scientists is sofficient — what also needs to happen is the
management of this knowledge across large distatines zones, languages, and cultural divides.

Cultural divides were not reported to be a majonceon in the German MNEs South African
operations. The transmission of knowledge, inclgaiadified (such as product designs), embodied
(such as capital equipment) and tacit (such as plack culture) was not reported to be a problem.
This may be due to the long standing German presanthe sector, and the relatively narrow
cultural gap between South African and German mamagt. This situation may be contrasted
with the transmission of knowledge between SouthcAfand India. Interviews in Germany and
South Africa among all three German MNEs reporteat the Indian subsidiaries, including the
new R&D centres, face significant challenges inséhareas. In response, the German firms use
cross-cultural communication and the migration méwledge workers. When Exhaustcomp opened
an R&D facility in India, the Indian manager waartsferred to headquarters in Germany for over a
year. There his experience and training includedatbsorption of tacit knowledge by collaborating
in different departments and getting to know therfuisets” of the researchers at headquarters.
Once back in India, he had to reconcile this exgree with local processes. He therefore acts as a
knowledge bridge between India and Germany. Thgamsation of learning is used across the
group. At headquarters, there are engineers fra@rakecountries where the firm is present, some
undergoing training before they return to their leooountries, others permanently appointed in
Germany to be the contact point for the relatedslidry abroad.

Tempcomp faced similar challenges of knowledgesfienbetween Germany and India, and in
response commissioned a knowledge management drpartwithin the company to investigate
possible responses. This formed part of an “aabie@ated” PhD project. Their aim was to improve
opportunities to relocate design tasks from then@ar R&D centre to the Indian centre through
means of knowledge management, including informatézhnology, the organisation of activities,
the content of communication and interpersonal camication. Their findings suggested five main
sets of measures. First, one of the main problemasarwas identified as intercultural
communication. A training course on interculturabmomunication for German and Indian
engineers, hosted by a Tempcomp employee withralities to both countries, was developed and
undertaken in both Germany and India. Second wadtampt to codify the tacit knowledge held in
Germany for the benefit of Indian staff. This irsdal IT-based guidelines, checklists and procedure
manuals informed by experiences in technical prakdelving. Third, to improve the familiarity of
Indian engineers with Tempcomp’s products and valbain, the firm established short term
assignments of Indians to Germany and visiting mmaognes to suppliers and production plants.
Fourth, further organisational rules were implerednin India to overcome internal hierarchical
communication barriers. Lastly, the firm implemehtegatekeeper model, transferring three Indian
engineers to the German headquarters and haviag tBermans/Americans at the Indian location
to capture the tasks, inform their colleaguesrfolid) and check the quality of the deliverable.

10.7 Discussion

In the automotive supply industry the relationshigtween the strategies of both Northern and
Southern firms, and human capital in Southern bosntries, has an interesting set of implications
for the management of technological change andhirevolution of GINs. The five case studies
above explore some of the micro-determinants osdheelationships. On the whole, they are
illustrations of incipient GINs, nested within GPNEhis is interesting because until recently
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innovation in the sector was highly concentratetheaTriad economies, and because the centripetal
forces concentrating knowledge intensive activiiiegshe developed world may be increasingly
countered by centrifugal forces driving these aiéis to advanced developing countries; the 2010
INGINEUS survey makes it clear that the main foricethis regard are access to large and growing
markets, the availability of specialized competeacit a lower cost than in the home region, and
access to knowledge infrastructure and servicésamost region.

To help understand the detailed drivers behindettgdsbal trends, our case studies focused on
specific instances of technological change, howdhgere influenced by human capital conditions
in the host country, and how this relationshipusficed technological progress and the formation
of GINs. In line with Lall's capabilities approackye interrogated some key features of these
relationships: technology-specific elements ofldaning process, the roles of internal and interna
sources of knowledge, the roles of human capitalllaskills levels, the contrast of know-how to
know-why, and the roles of externalities and lirkeguch as education and training institutions.

Key sectoral drivers also frame our analysis. Sohanges over the last two decades have militated
against GIN formation, for example a value chaierdwichy and knowledge architecture that
concentrate power and R&D at the apex of the seetawd high barriers to entry for small and
developing country firms. However, some more receehds favour the formation of GINSs,
including the upgrading of local second-tier sugqdiwithin GPNSs, increased cost pressures leading
to an advantage for developing countries, and as@é market size and growth in developing
countries such as China, India and Brazil, andoreggisuch as Sub-Saharan Africa. These more
recent trends open up opportunities for advanceguhhibties in developing countries to be
harnessed by market-seeking OEMs and lead suppliers

In South Africa, technological performance and télfiees have improved since re-insertion into
global value chains in 1995. During this procebs, availability of mid- to high-level skills was
largely sufficient for technological upgrading toovid Class standards, and OEMs played a major
role in developing their local skills base. Howeuwbe small marginal availability of these skilisld
act as a constraint upon further growth in knowteddensive activities such as R&D. This can be
contrasted with the case study firms’ Indian sulbsiels, where the availability of these skills
facilitated the establishment of dedicated R&D pemthat receive tasks outsourced from Germany.
In South Africa, R&D has been constrained to nigloekets of product adaptation, occasional
product design for the local market, and processvation to suit local input and supply chain
conditions.

In line with the structural pressures describedhim literature on the automotive sector, all three
German MNE case studies conduct their core R&D @mdrdinate their global R&D networks in
their home countries, in proximity to their headdqees. Since the supply of high level skills is
plentiful in Germany, the key human capital consatien in outsourcing knowledge-intensive
activities was reported to be, in line with the INNEUS survey findings, proximity to major
markets and the availability of the requisite aptige capacities and skills at a lower cost. The
contrasting cases of Indian and South African gliages of these firms illustrate how differences
in these factors lead to different technologicatomes.

The case studies illustrate firms at different stagf GIN formation. Tempcomp and Exhaustcomp
report involvement in incipient GINs — they respdadpportunities for minor process innovation,
or occasional product innovation for the local nedrkThese instances are constrained by
management structures that do not allow for muctovation at the subsidiary level in South
Africa. Drivetraincomp is somewhat more evolvedd ahis case illustrates how, even in the
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relatively smaller Sub-Saharan Africa market, puess to adapt products to local conditions create
opportunities for local innovation — and for thimovation to feed into the firm’s global knowledge
network (in this case, into the Brazilian produstioentre). Drivetraincomp manages to find
sufficient skills to undertake this product devetamt.

All three German MNE subsidiaries undertake anyanfameasures to access or internally build up
required competencies and capabilities, includitadf €xchange within the group, internal group
knowledge networks (for example, access to spstsain other countries through the intranet), and
relationships with local universities. Internalisédowledge networks tend to be horizontal,
contrasting with the deeply vertical nature of Wlaéue chain.

The South African firms provide illustrations of KEformation that originates in the South. The
first of these strategies is the purchase of kndgdeassets in developed countries. Elecsysl needed
a foothold near its main customers and accessdoiajzed competences not available in South
Africa, which led it to purchase a knowledge-inigadirm with locations in the EU and US. This
established a proto-GIN. However, it is importaotrote that most of this firm’s knowledge
intensive activity remains in these developed coesit the South African operation still does not
have the capacity to absorb the tacit or the cedlikinowledge that would be required to undertake
these activities. The purchase of knowledge ask®s not guarantee knowledge flow — this takes
time, capability upgrading, and the managemenaat knowledge.

Elecsys2 reveals a different response to a diftekeml of skills shortage. Because of the different
kind of technology in question, the primary skilsortage was at the lower levels, and the firm
could access the required higher level skills iedesl to develop and modify its products. In
response it concentrated the process of technalbgnange within the engineering level, reducing
the scale and complexity of change on the shop.flabthe same time, R&D within Elecsys2 is

mostly carried out in South Africa, and the reldvnowledge distributed to its subsidiaries in
developed countries.

The various strategies exhibited by the case sfudy respond to the sectoral dynamics that
characterize the automotive sector. This rendegereeralized model of GIN development, both
from North to South, and from South to North, &sstirated in figure 1.
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Figure 1: GINs in the automotive sector
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The management of tacit knowledge was also idedtiis a key factor enabling the formation of
GINs. While the transfer of tacit knowledge fromr@any to South Africa was not reported to be a
major obstacle, the contrasting case of Indiatilies the kinds of challenges that can arisettaad
organizational changes firms must make to overcihrese.
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Appendix A
Response rates and total sample distribution biypsemountry and firm size.
Sector/county  dataset responses responserate % over total R&D active % of R&D active firms over
(%) sector obs. firms national sample
China® 9119 243 2.7 26 181 74.5
Estonia 121 17 14 1.8 2 11.8
Norway 519 179 34.5 19.1 53 29.6
India’ 1287 324 25.2 34.7 195 60.2
Sweden 1662 171 10.3 18.3 76 44.4
Total EU 2302 367 15.9 39.3 131 35.7
Total 10407 567 5.4 60.7 376 66.3
Total ICT 12709 935 7.3 100 507 54.2
Denmark 210 49 23.3 37.1 5 10.2
Norway 2 2 / 1.5 0 /
South Africa 325 81 24.9 61.4 27 33.3
Total EU 212 51 24 38.6 5 9.8
Total 325 81 24.9 61.4 27 33.3
Total Agro 535 132 19.6 100 32 24.2
Brazil® 241 69 28.6 46.6 17 24.6
Germany 963 53 5.5 35.8 31 58.5
South Africa 2 2 / 1.4 0 /
Sweden 168 24 14.3 16.2 13 54.2
Total EU 1131 77 6.8 52 44 57.1
Total 243 71 29.2 48 17 239
Total Auto 1374 148 10.8 100 61 41.2
TOTAL EU 3645 495 13.6 180 36.4
TOTAL 10975 719 6.6 420 58.4
TOTAL 14620 1214 8.3 600

1 The Chinese sample was extracted from two regidatdbases: (i) th8eijing databaseand (ii) theSchenzhen
database The questionnaire was distributed in the five traesveloped provinces in China: 146 questionnaieese
from Beijing, which account for 60% of the totalegtionnaires; 51 came from Guangdong province, waacount for
21%; 35 from Shanghai, 14%, 10 from the Zhejiangvjprce, representing the 4%, and only 1 from Shagdo
province.

> The Indian sample was extracted from M&SSCOM Directory of IT firms 2009-2Q1distributed across the main
cities and regions as it follows: 281 in Bangalowdjich account for 21.8% of NASSCOM Directory; 246
Delhi/Noida/Gurgaon representing the 19.9%; 188limbai(14.4%); 72 in Pune (5,6%); 147 in Chennai4%); 184
in Trivandrum (14.3%); 107 in Hyderabad (8.3%) &&dn Kochi (4.3%).

s The Brazilian sample was extracted from fhenual Registry of Social Information (RAIS)registry of social and
balance sheet information collected by the Brazilimbour and Employment Ministry. The total numieérfirms
classified in the automotive sector in Brazil i286 Out of these, 233 companies are located irsthie of Minas
Gerais and, of these, 107 (46%) have employedP@8230 workers or more. From the dataset all aativea firms
from the state of Minas Gerais were selected, dexVithe firm declared over 30 employees.
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Appendix B

Indicator SA Brazil India China Germany Source
Public sector education expenditure as % of GDP 1999  6.03 3.88 4.47 191 n/a a
Public sector education expenditure as % of GDP 2007  5.34 5.21 3.18* 3.22%* n/a a
Public sector education expenditure per capita (2007) 316.86 374.27 27.21* 231.35** n/a a
usb

Gross tertiary enrolment as a % of the total 18-24 age 12.9# 16 10 7.8 n/a b
cohort 2000

Gross tertiary enrolment as a % of the total 18-24 age 16.2#  30.01 13 22.05 n/a b
cohort 2007

Brain drain ranking***A19 62 39 34 37 31 C
Quiality of educational system®**** 130 103 39 53 18 C
Quality of math and science education**** 137 126 38 33 39 C
Availability of scientists and engineers**** 116 68 15 35 27 C
Quality of management schools**** 21 73 23 63 31 c
Quality of scientific research institutions**** 29 42 30 17 6 C
Internet access in schools**** 100 72 70 22 39 c
Extent of staff training**** 26 53 59 57 8 c
University-industry linkages™*** 24 34 58 25 9 C
Local availability of R&D services**** 49 36 51 50 2 C
Top 200 ranked universities 1 0 1 9 10 d
% of tertiary graduates in science fields 2008 4 6.77 n/a n/a 13 e
% of labour force with a tertiary education 13 8.6# n/a THi# 24 e
Thompson Reuters' Science Citation Index publications  48.3 110.6 91.7 174.7 24 . 1### f

% change 2002-2008

Patent output 2007 per million of population 1.86 0.65 0.64 118.02 9713 g

Notes: * = 2006, ** Source: People's Daily 2009, *** A weer ranking indicates greater brain drain,
****WEF rankings out of 139 countries, #=2006, ##http://english.peopledaily.com.crf##=EU total

Source:a = World Bank 2010; UNESCO 2010a, b = World Ba6k0; # Department of Education, 2007, ¢
= WEF Global Competitiveness Report 2010-2011,@S-World University Rankings 2010, e = UNESCO
2010a, f = UNESCO 2010b, g = UNESCO Science R&fiir0
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Abstract: The importance of hierarchies for the formation alyshamics of Global Innovation
Networks has been underestimated in the currearttitre on GINs. This paper aims to fulfil this
gap by investigating a key component of such netsjothe interactions between firms and
universities. To accomplish this task the papeppses a theoretical framework to integrate global
innovation networks and interactions between fiangl universities. Second, it locates the very
specific position of South Africa and Brazil. Thirthe paper analyses survey data on the nature of
technology activities of firms and how they colladie with universities and research institutes.
This analysis clearly differentiates countries &ifls regarding the nature and quality of their role
in global interactions between firms and univeesitiFinally, the main patterns of two case studies
in South Africa and Brazil are compared to undexgthow local R&D departments and activities
in local subsidiaries are integrated within the woek of MNCs — and how hierarchical
relationships are present, especially in the currstage of development. The conclusion
summarizes the prospects for countries like Brazd South Africa, and evaluates the value of the
proposed framework.

Keywords: University-firm Interaction, Global Innovation Netwks, Brazil, South Africa,
Technological Upgrading
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Introduction

The emergence of Global Innovation Networks (Gls)ds out the promise of technological
upgrading, competence building and economic cafclfon developing countries of the South.
Potential interaction with universities and pubksearch institutes in a region or country is a key
factor influencing the strategies of MNCs, botlrefation to the education and training of a pool of
highly skilled knowledge workers, scientists angiaeers, or in relation to meeting R&D needs in
the form of university-industry linkages. Globaltwerks based on offshoring and outsourcing of
research, development and innovation activitieBlafthern MNCs to Southern firms, universities
and public research institutes offer the opportufut technological spillovers, access to knowledge
assets and learning that can strengthen Southstitutrons and national systems of innovation. A
related phenomenon is Southern firms investingdaaaced Northern economies and building
external knowledge networks in order to overconeedbnstraints of weak innovation systems, but
the resulting global knowledge flows can strengtloeal capabilities. The emergence of GINs, of a
‘new geography of knowledge’, thus holds out thenpse of subverting traditional global
knowledge hierarchies. As Ernst and Hart (2007) pdte, the global changes ‘evoke optimism,
even utopian visions’ for sharing in economic growt

11.1.1 Hierarchies matter?

The research literature suggests that this promasgbe realised in emerging economies like China
and India — at least, in specific sectors suchCasdnd electronics, and in specific regions of ¢hes
countries. These countries have two major attrastitor Northern MNCs — extremely large
markets, and large pools of qualified engineers saidntists, the result of targeted government
policy and investment in education and training. G&\have offshored knowledge activities by
establishing local innovation centres in China &mla, which form the hub of global innovation
networks, including outsourcing to local univesesstiin the host country. These GINs are
characterised by knowledge intensive forms of adgon between firms and universities, such as
collaborative and contract research and custontisaing. Chinese universities are increasingly
found in the top ranks of the higher education Ueatables, one indication that global knowledge
hierarchies are beginning to shift. The researtéraiure points to the possibility of such a
subversion of pre-existing global hierarchies (Er@009; Ernst and Hart, 2008; Ernst and
Naughton, 2008).

However, at the same time, there is evidence et global changes are uneven and not equally
distributed (Ernst and Hart, 2007), and that théemxto which hierarchies matter has been
underestimated in the current literature on GINsfolus on interactions between firms and
universities can usefully highlight the ways in walniglobal knowledge flows are of benefit to
learning and capability building in local innovaticsystems. Is the trend to subvert global
knowledge hierarchies unique to China and Indiaa®mther Southern countries increasingly able
to access global knowledge flows through univesBity interaction, whether inward or outward
bound? What kinds of interaction are more likelyaallitate access to global knowledge flows?

South Africa and Brazil share sufficient featuraghwChina and India to be classified together as
the BRICS group, but South Africa and Brazil shax@ny challenges and opportunities that differ
considerably from China and India, making them areent comparative focus.
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The paper thus explores the nature of interactetwéen universities and firms, and whether the
role of universities in global innovation networks Brazil and South Africa reflects the
preservation of hierarchies, thus constraining madkanced, technology-rich international
interactions, or whether global integration andhtextogical upgrading is facilitated.

11.1.2 Methodology

The paper draws on a threefold methodology comnuoosa the INGINEUS project: a review of
literature, quantitative data trends from an omdjisurvey of firms, and in-depth case studies. The
literature review aimed to understand how MNCs foretworks of research between home and
host countries, the role universities and publiseegch organizations play in the emergence of
GINs, and how these networks impact the formatibmaiional innovation systems in the host
country. Relevant survey items were analysed penigito the role performed by local and global
universities and public research organisations he knowledge flows between MNCs, their
subsidiaries and local firms. Case studies aimedetotify the diverse knowledge flows represented
and to investigate forms of interaction in deptBest practice’ cases, of as mature a GIN as
possible were selected, in which universities aR®OP based in home and/or host countries play
active roles. Data sources for the case studidaded interviews with managers responsible for
innovation and for R&D in the MNC in the home aheé host country, interviews with scientists in
universities involved in the home country and ia ttost country, interviews with relevant sectoral
bodies or organizations in the national systermpbvation, and documentary sources on the firms’
and universities’ strategic directions.

11.1.3 Paper outline

The paper begins by presenting a theoretical fraorkewo analyse the nature and direction of
knowledge flows in the interactions between firmd aniversities at the global level (Albuquerque
et al., 2011).

The second step is to identify the very specifisippon of South Africa and Brazil in the science

and technology scenario — a first approximationnderstand the specificities of their universities’

roles within GINs. The next step is an analysidiron strategies, showing how both the presence
and the nature of interactions between firms andeusities follows a logic dependent on each
country’s position in the international divisionlabour.

Having set the stage, the fourth step is a comparsf case studies to examine how local
universities collaborate with the R&D departmentdViNCs and their local subsidiaries, and the
ways in which they are integrated within the globalovation networks of those MNCs. The
literature on GINs has tended to focus on firmshe ICT sector, and thus, to allow for the
investigation of the nature of interaction in dsersectors, we selected the agro-food processing
sector in South Africa, and automotive sector imzir The two sectors have a long tradition of
international production, and agro-processing haadition of internationalisation of R&D (Patel,
1995). Both sectors were thus likely to yield cafesinvestigation. The analysis considers the
strength and direction of knowledge flows, and hessibilities for subverting hierarchical
relationships.

The conclusion summarizes the prospects for camiike Brazil and South Africa, and evaluates
the value of the proposed framework.
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11.2 Global interactions between firms and universitiestowards a framework

11.2.1 MNCs and national systems of innovation as drie¢iGlobal Innovation Networks

GINs have two main drivers. First, are the multiio@al corporations (MNCs) and their growing
capabilities, technological and locational diversias they move across the world selecting
locations and distributing productive and innovatiabour. Second, the formation and growing
complexity of national systems of innovation, esgkc in the South, is a process that goes far
beyond the limited push of capital towards newaegiand sectors. One important engine of this
process is the internationalization of science. Tdrenation of national systems of innovation
(NSIs) involves political forces that shape stasewl their autonomy, capabilities and public
resources to generate and support their publidutisns. For example, the rise of talent poola is
consequence of investments in science and engigetrat shape NSIs. Therefore, there are two
movements reshaping and reorganizing the intemmaltiolivision of labor — both MNCs and
national systems of innovation. This reshapinghefinternational division of labor, in turn, affect
the internal decisions of MNCs and the actionsheifrtsubsidiaries, pushing further changes in the
international division of innovative labor.

The combination of these two drivers leads to aplerpicture, where the nature of NSIs matters
for the formation of global innovation networksethmain characteristics and the nature and scope
of the international hierarchies established.

11.2.2 A framework of global interaction

A tentative framework to synthesis these insiglstsuggested in Figure 1 (Albuquerque et al,
2011). Firms - local and MNCs - universities andithinks, are reflected in a hierarchical world,
divided between a historical center and a peripl{fEurtado, 1982), and the implicit social and
political forces that shape NSls defining the majountries’ characteristics and possibilities withi
a global innovation system in the making.

Figure 1 reflects a division between center andppery. However, in the context of GIN
formation and dynamics, this divide has two defiynieatures: the first is portrayed as a continuous
line, the other as a discontinuous line. The d#fiee is intended to express graphically the
possibility of catch up — the emergence of a couthtat successfully overcomes underdevelopment,
such as the case of South Korea during the 19804 290s. The framework foregrounds the role of
university-firm interaction in such evolutionarygsbilities.
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Figure 1: Global Interactions between firms and universitiestentative framework

Country 1 Country 2
—
Periphery
Country 4
Country 3

. Multinational Headquarters . Multinational Affiliate . Local Firm O University

The framework is based on our synthesis of twondsaof the literature on innovation
(Albugquergue et al, 2001) — the literature on ursitg-firm interaction (Klevorick, et al., 1995;
Nelson, 1993) and the literature on GINs (ErnsQ&0UNCTAD 2005; Dunning and Lundan,
2009; Narula and Molero, 2003). The main argum#rds underpin the logic are summarized here.
The starting point is the body of work that concefizes the interactions between firms and
universities in developed countries, based on acteyns within a single country (Klevorick et al,
1995; Cohen et al, 2002). These relationshipsedtected within Country 1, in Figure 1. This work
has been elaborated to examine the interactionseket firms and universities in developing
countries, again, interaction within national boames, but which may include MNCs’ subsidiaries
in those countries (Rapini et al, 2009, Lee e2@Q9, Kruss, 2009). These interactions are reftecte
within Country 3 in Figure 1.

A limited set of interactions between countriesiggested by Patel and Pavitt (1998), who are
very cautious about the internationalization ofowation. They stressed the ways in which firms in
developed countries may use other countries’ s@iembfrastructure as sources of information,
where national systems are not able to meet theésngfeinnovating firms. These are represented as
interactions between MNCs in Country 2 and unitesiin Country 1 and vice-versa.

A critical work that links the two strands of lisgure is an UNCTAD (2005) study that
demonstrates the chain of MNC connections betweseldped and developing countries, linking
Countries 1 and 3. Ernst’s (2009) taxonomy of Gftigsher informs the elaboration of the links
between Countries 1 and 3. These are typicallyaifitm networks in which MNCs either
‘offshore’ aspects of innovation to subsidiariesl affiliates, or ‘outsource’ to specialized supgie
and public research institutes, particularly ursiees.

Ernst’'s (2009) elaboration of a third type of Gidf,a MNC which is based in a country at the
periphery and which interacts with universitiesred center, further informed the framework. This
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is reflected as the connection between a MNC wgladquarters in Country 3 or 4 and its
subsidiaries in Country 2 and universities in Copdtor 2. Likewise, Azevedo (2009) analyzed a
transnational firm based in a peripheral countat thas research collaboration with 70 universities
and research centers abroad (a firm from Countnge3acting with universities in Countries 1 and
2 — or multiple countries at the center). OECD @@f)0research on Japanese MNCs and their
networks with universities in China, India, Japand the US illustrates a different set of possible
connections between MNC headquarters, MNC subgdidincluding in the US) and universities.
These are reflected as connections between Colirang 2 and between Country 1 and Country 3
and/or 4.

The literature also highlights a growing trend todgaconnections between firms based in different
countries at the periphery, for instance, biotetbgyinter-firm networks (Thorsteinsdottir, 2010).
Those firms were typically born as spin-offs ofdbainiversity research, with their international
connections. These are represented as connecetmedn local firms in Country 3 and local firms
in Country 4.

The significance of connections between universitiely — the science networks — is also included
in the framework. There are strong “engines ofrimaionalization” of science, old and new (Zitt et
al, 2004). For developing and catch up countries,tetworks of science and related educational
investments may be the first networks to be esthbll, to connect one country with the global
knowledge networks centered in the leading coumtiixamples are global research consortia such
as thelnternational Human Genome Sequencing Consortwith research institutes from the US,
China, France, Germany, Japan participating. imigortant not to underestimate these scientific
networks. These scientific networks connect unitiessonly in all four countries in Figure 1.

Supported by this literature, Figure 1 graphicadipresents a tentative framework to analyse the
nature of global interactions between firms andrersities. This framework yields four main types
of interaction, with variations depending on theirme-base location. More complex types evolve
over time, and multiple types co-exist in any oeeqd in a specific country.

11.2.3 Four main types of interaction
Type 1. LOCAL firms interacting with local and/ordign universities

Interactions between local firms and local universi do not involve cross-border transfer of
knowledge, but could represent the first step féirm to become transnational. That is, it allows
for an initial accumulation of knowledge and cafiibs that supports a transition, since there is a
deep correlation between transnationality and R&fensity (Caves, 1996). In earlier stages of
capitalism at the center, they could be the typacad most advanced interactions with universities.
Now, this type of interaction may be located imi& at the periphery.

Interactions between local firms and foreign ursiers are the first and simplest form of cross-
border transfer of knowledge. In Figure 1, thisMlerould connect a local firm in country 1 and a
university in country 2. Local firms would typicglinteract both with universities in their home

countries and with foreign universities. Historlgathis type would have first connected developed
countries (countries 1 and 2). Currently, this tgbénteraction would be important for local firms

at the periphery looking for knowledge that thealoscience infrastructure would not be able to
provide.
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Type 2: MNCs interacting only with home countryvensities

This would be the typical relationship reportedha literature on internationalization of R&D. The
MNCs have connections with their home country ursites, but the host countries either do not
have R&D activities or the R&D activities are comaly centralized at the MNC headquarters.

Type 3: MNCs interacting both with home country aondt country Universities

This would be the more recent pattern of interactishat the literature would identify typically as
a global innovation network. There is a broadersiim of innovative labor within the MNC, with
the possibility that a subsidiary assumes contawcts creates new contracts with the host country
university. The nature of this relationship willpgd on the nature of the subsidiary’s role within
the MNC, ranging from limited adaptive activitieswhich would require contacts with local
laboratories or engineering departments — to mdwaraced projects — which would involve joint
R&D with local universities, sometimes in connentiavith foreign universities as well. The
hierarchy and the decision-making about the specdles of home-country and host countries
R&D departments may vary deeply.

Firms (local or transnational) may establish canteith one specific university (local or foreign)
but would take advantage of the other universiflesal or foreign) that are linked to the first
university through their existing scientific anduedtional links. This is important, given the natur

trend to the internationalization of science, withformal and informal links. The interactions of
firms with networks already established among usities are rich in multidirectional knowledge
flows.

Type 4: International consortia between firms amivarsities

This type involves firms, universities and reseanc$titutions, but they might be created and
coordinated by the academic side of the interactibrtergovernmental cooperation and
international institutions, such as the World Hearganization could trigger this kind of

interaction. They could be “mission-oriented” aretessarily non-hierarchical. They also could be
a characteristic of a global innovation system.

A fifth type is logically possible, but not yet sk@nt. This would be a non-hierarchical network
between MNC headquarters and subsidiaries and tleinections with universities. Given that

asymmetry and hierarchy are “defining charact@sstf both previous GPNs and existing GINs”

(Ernst, 2009), this type of interaction must beluded to benchmark prevailing international

networks - it could be seen as the desired featfira global innovation system, and poses a
challenge to policy.

The elaboration of these four main types attemptsummarize the full range of interactions, but
they certainly do not cover all possibilities. Margal world cases would be mixed cases. For
example, the formation of international networksattmay combine interactions at MNC
headquarters that have inter-firm connections \atal firms in a foreign country, and this local
firm may have interactions with local universitigsnother example is a MNC that establishes
contacts with foreign universities either in cowegrwhere it does not have a subsidiary or directly
with a foreign university, bypassing its local siltery.
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This framework provides a means of analyzing existiases of interaction, to evaluate the extent
to which they involve global knowledge transfer asttengthening of national systems of
innovation, and hence, contribute to reproducaibvert global hieararchies.

11.3South Africa and Brazil in the global scenario

Where do South Africa and Brazil fit in the intetioaal division of science and technology? Using
science and technology indicators as proxies topewencountries and their national systems of
innovation, Ribeiro et al (2006) divided the woitdo three different ‘regimes of interactiohThe
national system of innovation of both Brazil anduBoAfrica may be categorized as Regime I,
alongside India and China. In these countries,ntitenal system of innovation is immature, and
the rate of conversion from scientific producti@ninnovation is moderate and variable — unlike
countries in Regime Il such as Japan, the UnitedeS and Taiwan. In Regime Il countries, the
national system of innovation is fully formed, cections between components such as firms and
universities are strong, and there is a high rdtecamversion from scientific production to
innovation.

One trend evident in the Regime Il group of cowstiis that existing “points of interaction” have
strong historical roots. For instance, interactisrlong established between firms in the mining
sector and public research institutions in the B@itican case (Kruss, 2009; Pogue, 2006), and in
relation to agricultural products, iron and steedl airplanes in the Brazilian case (Suzigan et al,
2009). Analysis of a list of the top 100 non-fineshdVINCs based in countries of Regime I
(UNCTAD, 2005) shows the correlation between eamimtries’ largest home-based MNC, and its
home base scientific specialization, reinforcing #ignificance of such ‘points of interaction’, and
their uneven presence in these countries. Theaafuhese home-based MNCs may open space —
through an active insertion in the internationaliglon of labor — for a less subordinate role and
more positive inclusion in GINSs.

However, unlike China and India, South Africa amaAl seem to suffer a “Red Queen Effect”, in
that they spend a great deal of effort to reta@irtburrent global position, and do not move formvar
significantly. The threshold between Regime Il aiid has increased rapidly, and scientific
production in South Africa and Brazil is not incse®sy rapidly enough — or as rapidly as in India
and China — so that the risk of falling behind #imel challenges to stay ahead are greater. This is a
consequence of the persistent income concentratioblems that block the spread of successful
“points of interaction” through the whole econommdahe national system of innovation.

! In this division, Korea and Taiwan are in the graafdeading countries — both countries have joittgd group in
1998, according to Ribeiro et al (2006), leavingirtermediate level populated by countries as Br&outh Africa,
Mexico, India and China. Therefore, there is aedéhce between Ribeiro et al (2006) and UNCTAD @}08ince for
UNCTAD Korea and Taiwan still are “developing ecames”.

2 Technological revolutions at the center may onlghegpe existing structural problems in less-developmuntries:
there is a polarity “modernization-marginalizatidh@t is typical of underdevelopment (Albuquerc2@07).
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11.4An analysis of firms and their interactions with local and foreign
universities

This section investigates the existence of diffepenfiles of firms and their interactions with kdc
and foreign universities. Using our framework, iasvhypothesised that the different countries
would be divided between distinctive profiles, defil according to their firm characteristics and
their interactions with the university system bddally and globally. The statistic multivariate
method of Multiple Correspondence Analysis was ligegrder to read the survey dat&igure 2
below represents the correspondence chart obtéametie analysis of eight selected countries in
three sectors: South Africa and Denmark in agrezgssing, Brazil, Sweden and Germany in the
automotive sector, China, Sweden, Norway and Estonihe ICT sector. Each one of the chart
axes represents a new dimension that summarizésftmmation of a set of nine relevant variables,
enabling the representation in a simple two dineradi plane. The distribution in Figure 2 allows
us to define four different profiles, representedpdically by each of the chart's quadrants. The
central characteristics of these profiles can lmmtifled and interpreted according to the variable
‘country’.

®The Multiple Correspondence Analysis (MCA) is a tivalriate statistical method that allows to velttifie association
between more than two categorical variables. Ta@hrique aims mainly at transforming qualitativéoimation
available in a table in an instrumental chart, ides to make the analysis of data easier (Grend&®4). The display
of categories related to observed variables onree§pondence Graph allows us to evaluate its assacito determine
into which profiles the observations comprisedhi@ sample can be divided.
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Figure 2: Multiple Correspondence Analysis for ICT, Agro-pessing and Automotive sectors
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The first profile observed is identified in the guant on the top right hand side, by the presefce o
Germany. It can be observed that the variablesitititate the existence of interactions between
universities and firms are arranged in a positemthier to the right in that quadrant. Hence, itsimo
striking feature is the relevance of interactioesaeen firms and local and foreign universities or
research institutes, to the predominance of Tyger®is of global interactich The presence of
Germany in this profile is corroborated by factttlwd the eight countries, it had the highest
proportion of firms that reported some type of iattion with local universities and research
institutes, and also, indications of interactionthwforeign universities. The arrangement of
variables in that region of the first quadrant ¢herefore define it as a profile of interaction
between universities and firms typical of innovatigystems in Regime lll.It is also possible to
identify the presence of South Africa in the figgtadrant, but positioned in a far more diffused
manner than the other variables. The ‘outlier’ posileads to the interpretation that this economy
has a peculiar profile. The only other variable fir@sents a strong association with South Afigca i
one that indicates that universities and reseanshitutes are main sources of technology for
agroprocessing firms. There may thus appear totbadency to interaction by local firms in South
Africa, but the diffused position in the quadranhfirms a distinction between South Africa and

*When characterizing this profile, we noticed tha variable 'Formal interaction with foreign unisiies' can be a
found a little further than the other shaping ihal is why, it is possible to say that this varabbntributes less in
determining it, as a stricter analysis in shapimg groups would cut it off this profile. Given thiariable is strongly
related to the ones that characterize the prafifehave opted for a more flexible criterion in shapt.
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Germany in relation to their main characteristidse German profile is evidently marked by strong
interactivity between universities and firms, wrees¢he South African profile is more likely to be
defined by local firm dependence on scientific depment, rather than interaction. It is likely that
type 1 forms of interaction, between local firmsdalocal universities, predominate.Moving
clockwise, in the second quadrant on the bottormt figand side of the correspondence chart, the
dominant characteristic of the profile marked bg giesence of China is a tendency towards large
companies with international scope. This analysisased on the correspondence of variables that
indicate the existence of significant R&D, the i@ search for technology and the presence of
firms that have some kind of internationalizatioh R&D or production processes. Those
characteristics are usually related to large soahepanies. The variable "type of company" has two
categories in this profile, indicating that it ishaczacterized by the presence of multinational
corporations, both subsidiaries and headquartegainA triangulation with the descriptive trends
evident in the survey confirms this interpretati@hina has a prominent position as the country that
shows the largest number of multinational compamédsoth categories, besides having the largest
number of firms participating in the survey. Thisggests the predominance of type 3 forms of
interaction, of home and host based MNCs intergctitth local and foreign universities in the
Chinese ICT sector.In the third quadrant, bottoft Hand side, Brazil figures in a profile that is
characterized by the absence of formal or informtEractions with local or foreign universities.
This profile is in stark contrast to the interaetiprofile characterized by the presence of Germany.
Brazil is one of the countries polled in the surtbgt showed a lower proportion of positive
responses to the variables indicating interactietwben universities and research institutes both
domestically and abroad, which helps to understhadountry's position in this profile. Therefore,
this profile is marked by the absence of interactetivities. The fourth quadrant, top left handesid
of the correspondence chart, reflects a profilene by the Nordic countries. A strong association
between Norway and Sweden is observed, which maxpkained by the fact that both focused on
firms in the ICT sector. Sweden has two sectorsesgmted in the database, and the analysis
discriminates between them, evident in a diffesdidn between ICT firm participants in Sweden
and Norway, and the automotive sector participamtSweden. Also evident is that the profile
shows a significant presence of independent firather than subsidiaries or headquarters of
multinationals, that is, smaller-scale enterpris@ther notable characteristics are the absence of
R&D and the purchase of knowledge from other firmgINC's or not — as the main source of
technology for the company. Estonia is quite isalan the fourth quadrant, as is Denmark in the
third quadrant, both showing a strong proximityte horizontal axis, which indicates the tendency
of a lack of association with the variables in @malysis.

In sum: the analysis highlights the distinctive ipos of South Africa and Brazil in global
interaction. The statistical technique of Multipl@orrespondence Analysis shows a clear
differentiation of countries and sectors, using diagéa related to interactions with universitiest Fo
the automotive sector — that includes Brazil —dhisr a clear delimitation that shows Germany
(characterized by the headquarters of MNCs, intelR&D and intense interactions with
universities) in one quadrant, Brazil (charactatias host country of MNCs, low R&D and a very
low level of interactions with universities) in tlopposite quadrant, and Sweden with yet a third
contrasting different profile (characterized bynstaalone smaller firms). For the agro-processing
sector — that includes South Africa — likewise éhare two distinct profiles, very well defined, tha
cluster South Africa and Denmark in different quads. The analysis of the firm data, therefore,
stresses the dependence of global innovation nksmgoon the nature of NSIs and the presence
and spread of home-based MNCs through an econmagciated with patterns of university-firm
interaction. Although China may also be characeetias within regime of interaction I, a
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strengthening national system of innovation andgpiead of home-based MNCs in the Chinese
ICT sector are reflected in the predominance ofelggdorms of interaction, a pattern of home and
host based MNCs interacting with local and foraigiversities. The survey data suggest that South
Africa and Brazil are not being drawn into globahovation networks in ways that will subvert
hierarchical knowledge flows and facilitate tectogatal upgrading on a significant scale. These
dynamics are explored further in the following g&tt through an in-depth case study in each
country.

11.5Interaction between Universities and R&D departmens in South African
and Brazilian subsidiaries

The case studies were selected to probe pattene isame sector as the survey in each country,
agro-food processing in South Africa (Dairyco) amgomotives in Brazil (Carco). Both may be
classified as a Type 3 form of interaction, a MNGni the North interacting with both its ‘home’
universities in Europe, and with ‘*host’ universstim the South. Type 1 interactions, between local
firms and local universities, have grown in bothuoAfrica and Brazil, encouraged through policy
support, government funding programmes and oth@nitivisation and support mechanisms such
as technology platforms, incubators and sciencé&spékruss 2005, 2006, Rapini et al 2009,
Albuquerque et al 2010). A focus on Type 3 allowsberation of the nature of university
interaction in the global innovation networks thate a feature of this phase of the
internationalization of science. Table 1 providesomparative summary of key features of the two
cases.

Table 1: Comparison of cases of global innovation netwonkSouth Africa and Brazil

Dairyco South Africa Carco Brazil

Innovation strategy Competitive strategy to promote the Competitive strategy focused on volume and
nutritional and health benefits of its diversity, focus on small economy cars
products, rooted in an environmentally | (entrance segment)
friendly operation Vehicle platforms restyled and adapted for

Develop products with nutritional quality| developing country market
adapted to the profile and taste preferences
of local populations

R&D departments Basic scientific research, clinical resear¢hR&D and basic research concentrated in central
and new product development driven by Development Centre in parent company in
research headquarters in Europe - two | Europe, the largest private research institute

>

principal research centres the home country

Hierarchical global network of R&D Applications research centre in Europe, to
centres in 15 countries, some integrated integrate basic research and product

into main business divisions, some development for complete industrial innovation

transversal conducting scientific researchcycle
on health and nutrition aspects of product$18 R&D centres in the MNCs units worldwide
Development centre in Brazilian subsidiary
plant, with the MNC'’s only design conception
capacity outside Europe

Division of labour: Innovate and develop complex products, Conducts all basic research
Central R&D patent and roll out globally Deve|0ps new vehicle p|atf0rm5
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Dairyco South Africa

Carco Brazil

Network organizational culture, connect
country units through structured
communication network and collaboratia
between central and subsidiary teams

to

Division of labour:

local R&D
department

South African group as base for growing
regional markets: research unit with

capacity and mandate to conduct internalR&D centres in companies of the group in the

R&D and develop new products for loca
conditions that may attract new markets

Research into flavours, nutrients, texture
and recipes tailored for South African
market

Intellectual property generated becomes
property of the group

New product developed in SA rolled out
by subsidiaries in other countries and
circulate through group

Brazilian group as base for regional markets:
coordinates and centralizes competences for

region

Restyling of vehicle platform to suit developin
2country market

Develop design of new vehicle, build prototyp
and conduct validation tests

Global leaders for group in niche areas relate
to local conditions

Where decisions
taken

Innovation and research expertise
primarily concentrated in headquarters 3
other developed economies

Annual meeting to identify innovations o
interest for entire group

Countries organized in zones that
communicate internally so that potential
new products developed in one country
may be adopted in others

Limited range of R&D activities offshore
to SA subsidiary

Headquarters have strict oversight of all prod
rdevelopment

Decentralisation strategy and increased

f independence of subsidiary, shift from pure
product adaptation mandate

Innovation projects in subsidiary driven by
entrepreneurial individual champions

uct

Collaboration

Country units collaborate on R&D, share
expertise and resources with European

developing country partners

Group prioritises scientific collaboration

with universities and specialized researg
institutes, primarily in Europe and USA

SA subsidiary has limited relationships
with local universities, outsourcing on a
contract or consultancy basis to tap
complementary expertise, such as new
packaging or nutritional analysis of new
target markets, but not product
development

R&D and innovation centres collaborate with
abdoad range of universities and research
institutes in home country (particularly a close
collaborative partnership with the polytechnic
nthe headquarter city that includes a custom
tailored automotive engineering programme)
and across Europe, attracting EU and
government funding

MNC centre: chain of basic research in
European university, accelerated knowledge
transfer in R&D centre, and process to
development of product in innovation centre

Interaction in the form of consultancy, contrag
joint research and firm sponsorship of univers
research, as well as informal exchange

Brazilian subsidiary has formal interaction wit
local universities and public research institute
in the form of extensive government funded
joint R&D projects and exchange of university
personnel to the R&D centre in Europe

in

ity

Project example

Development of a low-cost, vitamin

Advanced suspension technologies develope

enriched product that can be stored at

din

response to Brazilian road conditions, when
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Dairyco South Africa Carco Brazil

room temperature for a period of time, forfinancial viability verified by headquarters, spun
low income market segment in emerging out to involve different parts of the MNC as
economies, marketed through a novel | well as outside partners to finalise project,
micro-distribution system based in involving movement of local engineers to
townships with unemployed women as | European research centre

sales agents through informal outlets andBiofuels studies and tests and products
door to door sales centralized in Brazil to take advantage of locdl
competences and avoid duplication of costs

11.5.1 A common pattern

A common pattern is identified — the host subsidiirm and the host universities play a
subordinate role in the R&D networks of the MNQJigating the strongly hierarchical nature of the
global innovation network. Carco is a large autan@MNC that focuses on the segment of small
economy cars, and has a large operation in Bratabéshed more than 30 years ago, which served
as its centre to access Latin American marketsyDaiis a large agro-food processing MNC that
focuses on nutritional and health benefits of redpcts. It entered the South African market more
recently, in the mid 1990s and the subsidiary hammeded rapidly as a base to access Southern
African markets.

The innovation strategy of both MNCs is similatiat they aim to be technological leaders in their
niche globally, and the subsidiary is tasked widhation for the local market. The structure @f th
interaction is alike. The MNC interacts with homaiversities, with the subsidiary and host
supplier firms, as well as host universities antliguresearch institutes in a hierarchical netwatk.
also interacts in more horizontal collaborationwaks with high reputation universities, research
institutes and suppliers based in the home country.

R&D and innovation in both cases is organized ateeentralized model, with basic research and
new applications research controlled by the centmait in the home country, outsourcing
complementary basic and strategic research to rgiis in the home country networks.
Interaction also takes the form of MNC sponsorshipresearch facilities, programmes or
scholarships, particularly in the home countrytoutliffering degrees in the host country.

Design and adaptation to local market tastes oditions is offshored to the host country networks.
A shift over time is that with growing technologdiaapabilities, rather than simple adaptation of
mature technologies to facilitate production, tlestmetworks are engaging in more complex and
novel adaptations of a technology platform, ashia examples cited in Table 1. Dairyco has
developed a low-cost vitamin enriched product vimtiproved storage properties to suit emerging
economy markets and Carco has developed advanspdrsion technologies in response to local
road conditions. The results of such incrementabuation may be adopted within the group, to
other host countries with similar conditions or thabsidiary may even become the centre of
expertise for the MNC in that niche area. In thestances, technology transfer and capability
building is more likely, and the subsidiary firmseaevolving towards a less hierarchical

relationship and less subordinate position witheglobal innovation network.

11.5.2 Differentiated insertion into hierarchical globatlationships

At the same time, despite the similar dynamics aatdire of interaction, comparison of the two
cases serves to emphasise that there are differ@yd to be inserted in a hierarchical global
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relationship. Dairyco subsidiary drew on compleragntuniversity expertise in relation to
marketing or packaging and not to the R&D requif@dthe product innovation. The MNC had
very few instances of formal interaction with unsiées, and this took limited, less knowledge
intensive forms such as short term consultancy ofritional needs, or firm sponsorship of
university activities. Carco in contrast, had aafee number of links with universities and public
research institutes, and these interactions tookenkoowledge intensive forms. The Brazilian
subsidiary built ongoing relationships in the foohhuman resource exchange (within the MNC
between home and host country, and between the dimth universities in the home and host
networks). More long term interaction in the forni ocustomized education and training
programmes were established in the host univessitidiich could have beneficial impact on the
public science system in Brazil. Similarly, joiresearch and engineering contracts allows for
knowledge intensive technology transfer and upggdiThese forms of interaction occurred
alongside but went beyond the forms of consultanaresponsorships as in the South African case.

The difference between Carco and Dairyco relatebeécuneven match between the industrial and
science systems within the immature national sysiEmnovation in each host country. In Brazil,
automotive engineering expertise in the universitias coevolved with the automotive sector, as a
matched area of strength between the science @hadi®gy systems. Government policy and
funding, particularly at the regional state ley®ipritised the automotive sector as core to regjion
systems of innovation, and actively promoted anckmivized interaction. The South African
automotive sector similarly, has more knowledgenstve forms of interaction on a wider scale.

The opposite is the case for the agro-food pracgssector in South Africa. There is a mismatch

between industrial and scientific capabilities. égrocessing capacity in public research institutes
and universities has declined steadily over the feas years; government funding has focused on
technology platforms to promote interaction betwaeiversities and SMEs rather than MNCs; and

the extensive national prioritization of funding tmotechnology has concentrated on downstream
agricultural processes.

The similarities and differences between the cdbas illustrate the way in which the role of
universities in global innovation networks is shadybg both the strategies of MNCs and the level of
development of the national — and sectoral - systeimnovation.

11.6 Conclusion

The combination of the literatures on GINs and oteractions between firms and universities
defines a framework to analyse different typeslobagl interactions between firms and universities.
This framework helps to unveil the variegated flotliat are running between diverse countries.
Four main types can be distinguished, starting whth more basic exclusively local interactions
between domestic firms and universities, going ublo increasingly intricate international
interactions, and ending with sophisticated inteomal consortia.

However, there is no guarantee that interactiorls prbgress from one type to another. On the
contrary, as the case studies illustrate, progress one type to another, say from a local firmato
home-based MNC with connections with institutionsdiverse countries, is rather complex and
difficult process.

The framework emphasizes the importance of botlomait systems of innovation and MNCs. A
careful investigation of MNCs, of their country afigin, brings decisive information to understand
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the relationships established by GPNs and GINs. dikhe, diversity and stage of formation of
national systems of innovation are also key to wstdad how those global interactions are formed
and in which direction they evolve. The nature afional systems of innovation impacts on both
the quality of the foreign R&D that universitiesone country attract, and on the number and nature
of home-based MNCs. In short, the characteristidddCs and NISs are inextricably intertwined
in the formation of global networks of the varidypes.

The framework is useful to identify GINs as a specthannel of global interactions and it is
instrumental to investigate the role of hierarchiesthose global interactions. We began by
guestioning how hierarchies are shaped and resheytbith GINs. Ernst (2009) showed the
possibilities of subversion in emerging Asia in I€dlated technology sectors, but the cases of
South Africa and Brazil confirm the hierarchicaVidion of labor in the automotive and agro-food
processing sectors. The subordinate and limited ofl South African and Brazilian firms and
universities in those types of interactions is assmuence of their position in the global sciemut a
technology scenario. South Africa and Brazil areiregime of interaction that faces the curse of
the “Red Queen Effect”: their upward movement is elmough to reduce the gap to the threshold
limits of the “regime” of developed countries.

Changes in the existing hierarchies are not easy.ii@estigation has led us to believe that the
current phase of internationalization of R&D is eed reshaping NSIs, but it is also dynamically
preserving pre-existing technological hierarchidsis is clearly stated by Jefferson: “[jjust as the
phenomenon of FDI and R&D offshoring leads to sp#irs that induce Chinese firms to establish
rudimentary operations, the same pattern of offslgois also motivating the United States and
other OECD MNEs to upgrade and diversify their R&perations in order to maintain control over
the development and deployment of critical techgielg’ (Jefferson, 2007, p. 213).

The paper has evaluated whether global innovatewarks in emerging countries are a path for
improvement within the international division obtar or a blocking factor for the development of

national innovation systems globally integratedr @uswer is in line with a recent evaluation from
Ernst (2009, p. 6 and p. 38): GINs may be a “mikEssing”, even a “poisoned chalice”. On the
one hand, the preservation of hierarchies is aidvamo more advanced, technology-rich,

international interactions. On the other hand, texdgsGINs may under certain conditions, trigger
processes that may lead to technological upgragembheral countries. However, as Ernst (2009,
p. 38-48) emphasizes, public policies matter fonare positive development of GINs. In our

theoretical framework, this is one feature of tH&l Netermining the nature of GINSs.

The development of global innovation networks, phesent phase of internationalization of R&D,
the processes of NSI formation and improvement prayide South Africa and Brazil with new
avenues to escape subordinate roles in global atiwwvnetworks. The pattern of GINs that would
really contribute to the evolution of their NSlIs wld be those that involve local universities in
knowledge intensive forms of interaction. The daabf truly non-hierarchical networks could be
an experiment in the way to a formation of a trglgbal innovation system — but for now they are
not more then a desired goal.
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globalization of innovation and the formation of Rdinkages from emerging economies (South).
Using both survey-based data on Chinese and Irfdias in the ICT sector and global bilateral
patent data, we find the impact of IPRs to varyaeling on the type of R&D linkages, the location
of enforcement, the national identity of firms/res#ters and the sector/sub-sector under study.
Stringent IPR regimes abroad tend to discouragddimation of global R&D value chains and
foreign patenting by firms in the South. On theesthand, IPR protection in the home country
tends to play a crucial role for the engagementlarhestic Southern firms in global innovation
linkages. The results also emphasize how sectaifgpeharacteristics determine the correlation
between IPR protection and the internationalizawérR&D. The ICT industry, particularly the
hardware segment, relies on the IPR regime wheaging in the international outsourcing and
offshoring of innovation or in patenting activitiegroad. Finally, the harmonization of IPR
protection across country pairs tend to foster Sdldrth R&D linkages.
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12.1 Introduction

The growing demand for technology in an increasiragimpetitive global market is changing the
geography of innovation. Today multinational entesgs (MNEsS) seek not only to exploit
knowledge generated at home in other countriesalsat to source technology internationally and
tap into worldwide centers of knowledge (OECD, 28)08Ve now observe a faster pace for the
internationalization of R&D, a wider range of astanvolved worldwide, and a greater scope of
international innovative activities in the forminfegrated networks.

As knowledge starts to flow more freely across ghabe, Intellectual Property theft remains the
most important risk for global innovation netwoi(]ECD, 2008b). While most R&D investments
still go to OECD countries (also referred to as tNprnon-OECD countries have attracted an
increasing amount of R&D investments in recent gedWith Newly Industrialized Countries
(NICs, also referred to as South) taking a leadeweloping technologies of global standards, the
view of high-technology companies with headquartarshe South towards intellectual property
rights (IPRs) takes a new meaning. Previous libeeabn the catching-up process of the South has
mainly emphasized on North-South technology trankighlighting the trickle-down effect from
technological frontier (Acemoglu, Aghion and Zilitip 2006) or globalization arguments, such as
decreasing transportation and migration costs, ledupith the non-rival nature of technology.

This paper sheds light on the development of infiomacapacities and the internationalizing of
R&D by the new class of firms in and from the Southnvestigates the relevance of IPRs from a
South-North perspective to study the incentivesadiors in emerging countries to tap on to
international knowledge networks. In so doing, veéirte different measures for R&D linkages to
assess the degree to which emerging countrieslgleliheir R&D and find out how IPR protection
contributes to this phenomenon.

To address the issue we rely on a firm-level suthey has been specifically designed to gather
information on firms’ behavior in terms of interiwatal innovation activity. Across four continents,
firms were asked to provide information about eigees with regulation, practices and
jurisprudence around IPRs faced in the internatibatgon of their innovation activities. We focus
on Chinese and Indian firms active in the ICT seatowhich the use and development of new
technologies through innovation is more pervasind aector specifit.Our empirical findings
based on survey data suggest that depending atefimgtion of R&D linkages and the sub-sector
under study, a credible IPR regime can influenceutlson firms’ engagement in
internationalization of R&D. More specifically, IBRend to matter more for the participation of
domestic Southern firms in global innovation netkgorHowever, it proves more relevant for the
offshoring or outsourcing of innovation in the haede segment of the ICT sector.

To validate our findings on a global scale, We aseempirical gravity model designed to capture
the extent of NICs involvement in the internationaion of innovation activity, in particular in

OECD countries. To do so, we first define an appabg variable to measure the phenomenon,
related to the number of patents that NICs nat®fild in OECD patent offices. We then regress

! This is partly driven by the survey design, whieltsleach partner-country select one sector ofqodati economic
relevance. The ICT sector has been selected bylbdtAn and Chinese survey partners, letting uginlihdications
for emerging economy-, country- and industry-speqifolicies. A description of the firm-level survelesign and
implementation is provided in Appendix 1.
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this variable on country and country-pair specificiables such as IPR protection in both countries,
degree of ICT-specificity of exports, together watlandard gravity model specific controls such as
distance, GDP per capita, common language and confroaer dummies. Using data on patents
filed by nationals from 14 NICs in 31 OECD courdgri@ a gravity framework, we show that the
location of IPR enforcement also matters for Sdudinth innovative activities. In particular, South-
North foreign patenting is positively related tontlestic IPR enforcement, whereas enforcement in
the receiving countryliscouragespatent applications from NICs. We relate thiseattesult to
defensive patenting or a market power effect thatract entry by new firms, or the difficulty faced
by NICs with less advance technologies to obtaterga in countries with a tougher IPR regime.
Finally, the analysis confirms the crucial impoarof IPR protection for international innovation
activities in the ICT sector, primarily for the darare segment.

The reminder of the paper is organized in the Yalhg way: the next section gives a short
background on the recent patenting activities ijomamerging economies. Section 3 presents
survey data and the related empirical analysisetition 4 we report methodology, data, and results
for the cross country gravity estimation. SectiacpBcludes.

12.2IPRs and innovative activities: recent trends in Cima and India

The increase in the ‘propensity to patéty 20 percent in less than 20 years in OECD c@mis
generally attributed to technological change, ecandransformations, and a shift of patent policy
since the 1990s (OECD, 2004). The same trend hasrred in emerging economies after
reforming their legal framework of IPR protectioccarding to WTO standards. In 1985, the total
number of patents granted in China was only 138 mbmber increased to 100,156 in 1999 (Sun,
2003). The total amount of patent applications Imn@ today exceeds 7 million ranking as the third
largest patent office in the world and fourth imte of Patent Cooperation Treaty (PCT) filings. In
some new technical areas, such as digital commiiumicaelecommunication and high-speed trains,
20% of the total of PCT applications in the fieliddigital communications have come from China
in the years 2008-2010 (Tian, 2011). China accofant3.5% of triadic patents and aims to join the
top five countries receiving triadic patents by 2qZhao, 2006). The first Patent Law came into
force in China in 1985 and the two major roundsofiifications occurred in 1992 and 2000.

In India, the Patents Act, 1970 was amended in ;19002 and 2005. Since the country became
signatory to the PCT in 1998, patent filings initntave registered a sustained growth up to 23%.
Trends in ICT-related patent applications to theopaan Patent Office (EPO) show that India
ranked second after China between 1995 and 2008r @ period 2004-2007, the country
presented the highest average growth rate in tefrpgatent applications (26.3%) reaching 36,812
applications in 2008 (WIPO, 2010). If we look ae thontribution of local inventors to foreign-
owned patent applications, 65% of Indian invenemd 43.9% of Chinese inventors are associated
with foreign PCT applications, ranking respectivélyand %'in the world.

Indian IT sector is estimated to aggregate revemie88.1 USD in 2011, with the software and
service sector, excluding hardware, accounting8®4%? Conversely, China accounts for 14.6%

2That is, the number of patents taken per dollaauro of R&D, assuming the productivity of R&D coast.
*WIPO Magazine 10, 2002.
*NASSCOM cited by India Brand Equity Foundation, 201
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of the global electronics hardware production (Bictarya and Vickery, 2010). Indeed, the large
share of Chinese patent applications in ICT-relateshs is associated with the considerable focus
on ICT hardware production (van Welsum and Xu, 3007

12.3IPRs and global R&D linkages in the South: firm-le\el analysis

12.3.1 The survey data

We have obtained the data by administrating a suteefirms representing three sectors in 9
countries across 4 continertShe sectors targeted were ICT (in China, Indiae®m, Norway and
Estonia), agro-processing (in South Africa and Dark)) and automotive (in Brazil and Germany),
selected to represent a range from high to low tedbstries. The aim was to collect empirical
evidence to study the determinants and the exfeglibbally dispersed innovation networks.

To assess the presence of R&D linkages in the sgawel define two different dependent variables.
The first, GIN, defines firms that have established collaborationth foreign actors for the
development of their most important innovation, gbal innovation networks. Such actors could
be indistinctively clients, suppliers, competitatensultancy companies, governmental institutions,
Universities, research institutions or open sowommunities. DifferentlyOUT considers firms
that perform some specific/core innovation actegtithrough offshoring or outsourcing abroad.
These activities include product and process dewedmt, operations, procurement, logistics and
distribution, building and maintenance of IT syssem

Table 1 presents the distribution of the dependemtables across countries in the sample.
Comparing the distribution d&IN andOUT at country level, the latter provides a more ree
definition of international collaborations for irwetive activities, nonetheless with some
exceptions. Looking at the correlation coefficients acrossteecof the dependent variables, they
all result particularly low, from 0.29 for ICT firento 0.47 for agro-processing firms. This highlgyht
that two variables capture different activitiesrfe may perform in the internationalization of their
innovative activities.

Table 1: Distribution across national samples of GIN and OUT

South
China India Brazil Denmark Estonia Germany Norway Afri Sweden TOTAL
rica

GIN |35,80% 56,17% 21,74% 34,69% 52,94% 41,51% 29,83% 45,24% 47,69% 42,55%

®* The sample of firms is not representative at tellef country or region, so the policy implicatiohthe findings in
this section should be treated carefully, withoushing too much issues of external validity.

® The selection of activities included in the setinfovation activities’, has been conducted by limgkat what firms
defined as ‘innovation’. Firstly, we looked at tiset of firms that indicated to conduct ‘offshorimgnovation’.
Secondly, we constructed dummies that includedpibgsible combinations of functions that respondgetform
through offshoring. The highest correlation coddfit was found in correspondence of the dummy diofy the group
of functions listed above.

" We observe thaDUT is more widespread tha@IN in Germany and Brazil. This could be driven bytsec
peculiarities. Indeed, observing the distributidrthe independent variable across sector, therdiffee betweeGIN
andOUT is less pronounced for the automotive industry tiea the ICT.
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ouT |11,11% 43,21% 23,19% 20,41% 17,65% 45,28% 13,26%  25% 25,64%  25,93%

Source: Authors’ calculation based on INGINEUS survey.

The presence of R&D linkages prevails in the ICGteeif we look atGIN, but not in the case of
OUT. Moreover,GIN is more widespread in the Indian ICT sector anthen German automotive
only. It's worth noticing that having significant®® activity does not necessarily mean a greater
involvement in global innovation networks. The edation coefficient between having significant
R&D activity and the variable&IN andOUT resulted 0.32 and 0.14 respectively. Indeed, tiseae
relevant fraction of firms in the sample that out®® and offshore innovation abroad without
conducting in-house R&D (21.7%), indicating thag ttore of their knowledge has foreign origin.
This is also confirmed by looking at the most intpat source of innovation for firms. Among
respondents, 40% of the sample do not consider lle@idquarters as the most important source of
technology inputs and 29.4% have as technologyceaam entity external to the firm.

After having highlighted results for all countri@sd across all sectors represented in the suney, w
focus now on China and India, whose involvemenltdm is of primary importance. The survey
reveals India to be the only emerging economy wiitrong and positive probability of being part
of an international R&D linkage while China in alses results amongst the least involved. In our
sample, Chinese ICT firms are amongst the mosttisfied with regard to relevant labour force
skills (68.3%). On the IPRs side, the Chinese sangpésents the greatest percentage of firms
requiring more stringent IPR regulations to consideture innovation activities (64.29%).
Alternatively, India results more open in condugtnesearch activities with foreign partners even if
it presents a lower R&D intensity compared to CHiff@ese observations call for a more in-depth
analysis of the Chinese and Indian ICT firms.

12.3.2 Empirical analysis

Given theopennature of technology attainment, in what follows @oncentrate on factors relevant
for the internationalization of firms’ innovativectivities. These are (i) human resource
development, the key area in supplying qualityls#tiworkers for global and local markets, and (ii)
the legal environment for IPR protection.

In our simple linear probability model, our maimgression equation is:
LINKi = B0 +B1 HRi + B2 IPRi +p3Xi+ dc +0s +vi, (1)

where LINKi takes our two definitions of R&D linkag GIN and OUT, and subscript indicates
firms. The main explanatory variables denote firragperience with regard to (i) HR: relevant
labour force training and skills, (ii) IPR: regutat, practice and jurisprudence around IPRs. These
are treated as dummy variables taking value orikeiffirm indicates a positive experience with

®The relative value increases if we look specificall those firms that make part of a global innmrahetwork.
°Looking at the size of the R&D units (measured asiper of full time R&D employees by firm size) imetICT sector
for the Chinese and Indian sample, in China theylten average larger than in India with only gtan being very
small firms with less than 10 employees. Chinesadiresult more R&D intensive, employing a greatember of
individual in R&D than Indian firms do. This maymiorm recent studies on the Indian ICT sector tdatspite public
efforts, investments in R&D by the private sectrstill relatively low and largely based on the smutrcing market
(Bhattacharya and Vickery, 2010).

Page 255 of 300



& D10.1: Comprehensive research papers on “Global lrovation Networks:
‘ challenges and opportunities for policy”

above factorsXi is a vector of further controls, such as typewhership of the firm (domestic or
foreign) and sub-sector (hardware or software). Wte regression equation is performed with
OUT we further control for the region of origin of iisnovations partners. Finally, to control for
unobserved heterogeneity, we include dummies atcthentry and sector level$c and s,
respectively.

After defining the main dependent and independeartables, we perform OLS estimates of
Equation (1) for each definition of R&D linkages.eMéstimate our linear probability model for the
Indian and Chinese sample, and control for coufikgd effect in all estimations. The aim is to
look at the IPR environment as a determinant of R&Rages at the country level, and observe
whether the same conclusions can be applied equathe domestic and foreign ICT firms located
in China and India. We also conduct a sub-sectatyais considering that firms within the ICT
sector may rely differently on patents in the haadewsegment compared to software programming,
data processing and systems desfgn.

Table 2 reports the results of the OLS regressiorshed light on whether having had a positive
experience with the analyzed factors has contribute building international R&D linkages.
Findings in columns [1] and [2] affirm that havihgd a positive experience with IPR regulations
increases significantly the probability of netwardiwith foreign actors for innovative activities,
especially wherGIN is the dependent variable. Chinese (Indian) fiaresless (more) likely to be
involved in a global innovation network, but thasenot a differential effect of IPRs on GIN
involvement among firms from a particular countihe control variablehardware resulted
positive and statisticallgignificant only when we looked &UT. This may indicate that in the
hardware segment the activity of offshoring andiatsourcing abroad is more widespread than
networking with foreign partners.

Table 2: IPRs as determinants of global R&D linkages forr@élsie and Indian ICT sector

Dep. Variable GIN out GIN out
[1] 2] 3] [4]
IPR 0.204 0.131 0.197*** 0.105
(0.058)*** (0.057)** (0.070) (0.067)
. -0.059 -0.113 -0.062 -0.130
IPR_China
(0.084) (0.070) (0.084) (0.071)*
Chi -0.150 -0.240 -0.087 -0.211
ina
(0.065)** (0.055)*** (0.068) (0.059)***
HR 0.092 0.146
(0.051)* (0.067)*
0.327 0.170
Foreign

(0.076)*** (0.072)**
IPR_foreign -0.183 -0.075

 The hardware segment includes (i) the manufacture of commuitnnaequipment and (ii) other information
technology and computer service activities, sughcamputer disaster discovery, setting up persooaiputers and
software installation.

Page 256 of 300



OWINE,

Sher o
"a%f D10.1: Comprehensive research papers on “Global lrovation Networks:
‘ challenges and opportunities for policy”
(0.095)* (0.091)

0.001 0.106 -0.093 0.014
Hardware

(0.041) (0.036)*** (0.061) (0.047)

0.425 0.289 0.306 0.267
Constant

(0.052) (0.050) (0.051) (0.049)
Obs 567 567 544 544
R-sq. 0.0706 0.1460 0.1193 0.1460

Robust standard errors in parenthesis; (*) p-vadukE<{**)p-value<0.05; (***)p-value<0.01

In column [3] and [4] we control whether human t@se availability can be another explanation
for the involvement of Chinese and Indian firmsgiobal R&D linkages and find IPRs to play a
more important role for th&IN variable. We then investigate the extent to whighrelevance of
IPRs as a determinant of R&D linkages may vary adiog to the type of ownership. The control
variableforeign indicates that being a subsidiary of an MNC insesasignificantly the probability
of being part of international innovation linkagéthe impact is greater when MNCs seek to
establish innovative collaborations abroad thannwtiey outsource and/or offshore innovation.
The negative coefficient of the interaction ternRIForeign shows that even if it turns out that
foreign firms arger semore involved in R&D linkages than domestic orlB&s tend to be a more
essential factor for the participation ddmesticfirms in global innovation networksG(N). It is
important to notice that the same argument doeshotat for international R&D value chains
(OUT). Moreover, including the new arguments result$PR losing its significance for theUT
variable.

Table 3: IPRs as determinants of global R&D linkages for Kiib-sectors

Dep. variable GIN ouTt GIN out
(1] (2] (3] (4]
PR 0.171 -0.008
(0.060)*** (0.043)
0.198 -0.065
fIPR
(0.060)*** (0.053)
-0.015 0.157
IPR_hardware
(0.083) (0.074)**
-0.070 0.153
fIPR_hardware
(0.083) (0.049)**
-0.020 0.003 0.010 0.017
hardware
(0.064) (0.057) (0.059) (0.057)
-0.172 -0.293 -0.225 -0.297
China
(0.042)*** (0.035)*** (0.042)*** (0.036)***
0.205 0.102 0.217 0.108
foreign
(0.045)*** (0.042)** (0.045)*** (0.042)***
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0.398 0.347 0.415 0.388
constant

(0.053) (0.049) (0.048) (0.035)
Obs 544 544 544 544
R-sq. 0.1031 0.1525 0.1043 0.1471

Robust standard errors in parenthesis; (*) p-valuk<(**)p-value<0.05; (***)p-value<0.01

In Table 3, we focus on hardware and software fwhen studying R&D linkages. Here we look at
the relevance of their experience with the inteéllat property framework (IPR) and to their need
for more stringent IPRs when considering their fe@tinnovation activities (fIPR). Again, we
control for country and type of ownership. Columi$ and [3] indicate that IPRs remain a
determinant of international networking activitieghile the hardware segment is not, per se, more
involved in global innovation networks or more rndae to IPRs. Perhaps more interestingly,
columns [2] and [4] reveal that IPRs do no playoge rin firm’s activity of outsourcing and
offshoring innovation abroad. The coefficient takesegative, although insignificant, sign for both
IPR and fIPR. However, IPR_hardware and fIPR_hardwaow that firms in the hardware sector
react positively to IPR protection when deciding the internationalization of their R&D value
chains.

12.3.3 Conclusions of the survey-based research and limits

The conclusions from our micro-analysis are threefdirst, the analysis suggests that the
protection of IPRs is among the determinants ofgdicipation of firms in the South to global
innovation networks, but not in the internationatian of their R&D value chain. Second, focusing
on differences between the foreign and the domsstitor operating in these countries we found
that IPRs are more relevant for domestic (henceheon) than foreign firms, even if foreign firms
are in general more involved in R&D linkages. Franbouthern perspective, these findings may
indicate that the capability of introducing and &ty new and sophisticated technology at home
and/or abroad determines the opportunity for a [8outfirm to be globally engaged in innovative
activities.

Finally, looking at both measures of experience aeed of more stringent IPRs across ICT sub-
sectors we find while securing intellectual assetsa determinant of international R&D
collaborations for the ICT industry, it proves mamdevant for the hardware segment when
engaging in international R&D linkages through outsing and offshoring activities

Even if the survey data allows us to differentinetween the type of global R&D linkages under
study, it does not let us allow for consideratiovith regard to the location of IPR enforcement.
Furthermore, the role of IPRs results ambiguous. dde side, the positive and statistically
significance of its impact (when considered alomay reflect the general argumentations on the
impact of the IPR framework on the business enwvitemt and its relevance for the
internationalization of R&D activities. However,sitlower significance when considered in
concomitance with other factors, under differenfirdgons of R&D linkages, or if observed for
specific countries or sectors may confirm thatrsger IPRs must be embedded in a broader set of
complementary initiatives, such as human capitabldgpment, to be effective. Furthermore, they
may indicate that there are emerging trends or festors affecting innovation and decisions
regarding the internationalization of R&D activiieSeveral issues that emerge from the above
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firm-level analysis could only be verified when aowpanied by a more general analysis that
applies global data. We undertake this task irfahewing section.

12.41PRs and internationalization of Southern R&D: macro-level analysis

12.4.1 Data and methodology

In this section we extend the analysis to a crossity level. Specifically, we try to generalizeeth
firm-level findings in the previous section to teuntry level, while concentrating on the impact of
IPRs on South-NorthR&D linkages. To this end, we look at the filing patents in OECD
countries’ patent offices by researchers resideMICs. We believe the foreign patenting activities
of the South could at least partially capture themaiof internationalization of innovation activity

the spirit we have highlighted earlier: theoretigathis would include a (team of) researcher(s)
working at the NIC-located branch of a MNC thakdila patent through its headquarters in an
OECD country*

Given the nature of our analysis, i.e. lookinglet tleterminants of NICs’ R&D linkages with the
OECD countries, we make use of anented empirical gravity model. Rather than considering
bilateral flows, the standard practice in gravisgimation of trade flows (see, for example, Frankel
and Rose, 2002) or international invention actigge Picci, 2010), we specifically look at the
number of patents filed in the patent office of @QBECD country (the destination country) whose
first applicant resides in a NIC (the origin coynt* Succinctly, our dependent varialé\Ti; is
the (log) average number of patents filed in theetperiod by an applicant residing in countryn

the patent office of country, where indexi runs over 14 NICs angruns over the 31 OECD
countries:® Note the different pools from whighandj are taken and that, in genef@AT; ZPAT;.
The variable PAT has been constructed using data from the Worl@lléatual Property
Organization (WIPO), that has information on 18umoies of origin of applicants and 139
countries (and groups of countries, such as thedirIntellectual Property Organization or the
European Patent Office) that host a patent offtdaformation is available for years 1995-2008, so

1 One could argue that foreign patenting could adsasent for instance Chinese researchers worki@dpinese firms
who seek protection in a foreign market. Howevergro90% of foreign (primarily OECD and the AsianQs)
applications for Chinese invention patents haverad foreign priority, suggesting that patent agations had earlier
been filed for the inventions with foreign jurisdams (Hu, 2010). See Appendix 2 for more detaiisoor dependent
variable.

2 We decided to look at the number of patent apptioatinstead of granted patents because has thentadye of
allowing an analysis of more recent data. Inde#étipagh any application is published by eighteemths after the
date of filing or the earliest priority date, thatent grant procedure takes about three to fivesyieam the date of the
application (EPO, 2010).

* Countries officially considered as NICs are: Bra@hina, India, Mexico, Malaysia, Philippines, Tlaad, Turkey
and South Africa (Mankiw, 2007). In our definitiofiNICs, we also included countries around whichsamsus in the
economic literature is not yet reached. They amgeAtina, Chile, Egypt, Indonesia and Russia, (P&8eeyk, 2006).
OECD countries are Austria, Australia, Belgium, &da, Switzerland, Czech Republic, Germany, Dennfapiin,
Finland, France, United Kingdom, Greece, Hungarglahd, Iceland, Italy, Japan, Korea, Luxemburg,xive
Nederland, Norway, New Zealand, Poland, Portugakden, Slovakia, Turkey, USA and South Africa.

¥ Since WIPO registers the residence of tinst applicant of a patent, our measure could undenesti the real
measure of patents whose applicants’ reside iruatop different by that of patent office. This lsetcase of multiple
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we construct averages for three periods: 1995-12000-2004 and 2005-2008, hereafter referred to
as 1995, 2000 and 2005 respectively. We take agsiag two reasons related to the IPR protection
index. First, data are only available for 5-yedeiuals and second, even if we had data on a yearly
basis, IPR protection varies slowly in generalhwérge jumps when agreements are set in place:
taking the averages helps to smooth out theseulaegnovement. Our framework partially draws
from Yang and Kuo (2008), that use the same depe¢ndeiable. However, their analysis is limited
to the 4 contiguous years of 1995-1998 and do tuatysSouth-North relations, but study bilateral
relation between 30 chosen WIPO members. While tiiei is to uncover the influence of trade
and IPRs in the destination country on outward miatg activities, we focus on the IPR regime on
both sides of the activity and its harmonizatiobnsen the country pairs. The empirical model we
estimate, written in general terms, is the follogvin

PATji=G¢+ Di+ Dj+ X+ Yje+ D+ Dy +uie (2)

The termG; is a common year-specific factor and we use yaarmies to capture for it. Similarly,

Di andD; take into account country-specific fixed effectfie monadic term¥;; andY;: include
variables common to both origin and destinationntoess, as well as variables only specific to
either one or the other set of countri@Among the monadic variables there are (logs of PGIer
capita and population: instead of having only GBR&ss variable, we separate size (population)
and development (GDP per capita) effects as in e¢adl (2010), so to better interpret our results.
We expect that both GDP per capita and populatiothé origin country should have a positive
effect on innovation activity, including the filingf patents abroad.

We have a measure of IPR protection from Park (R@8both the origin and the destination
country’® A priori, IPR protection in the destination coyntould have either a positive or a
negative impact on foreign patents: according tivpeflland Park (2007), a positive effect of IPR
protection on patenting in developed countries f@m increased appropriability of invention
and a market expansion effect (i.e. a larger madkeates innovation spillovers, so that new
innovations are easier to produce), while negagiffects can derive from defensive patenting or
market power effect. About the effect that IPR potibn level in the origin country could have on
innovation, Picci (2010) suggests that poor IPR tegmtion could result both in less
internationalization of innovation (due to standagpropriability considerations) or more, if the
branches of MNEs located in NICs patent innovationsgheir headquarters. We also have the
counterpart of the firm-level analysis’ variablentan resources, that is the Barro and Lee (2010)
data on the share of 25+ year old people holdirigest tertiary education in both the original and
the destination countries.

Djj includes all the time-invariant dyadic variablesllected by CEPII. We use (log of) distance
betweeni and j, commonality of borders and commonality of languaghese variables have
proved to have strong explanatory power in grawtguations for trade flows, foreign direct
investments and services. With this respect we w#nt compare the elasticities of
internationalization of innovation activity. Thert@ Dy collects dyadic time-variant variables, that

applicants of different residence, with the firpphlcant residing in the same country of the pat#fite in which the
patent is filed.

*» According to Baldwin and Taglioni (2006), we shoihdlude a full set of country times year fixedesffs, but the
short time variability would make it impossiblehiave enough degrees of freedom.

*The technical details related to the constructibtine index can be found in Park (2008).
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in some specifications will be the distance betwid protection between countirand country,
or the impact of harmonization of the IPR regimenaen each country pair.

The theoretical number of observations should*B€lr =1302, coming from 14 NICs, 31 OECD
countries and 3 time periods. However 3 countmescaded as both NIC and OECD (South Africa,
Mexico and Turkey) so we exclude these pairs. Thmber of observations we have for the
empirical work is therefore 1293 and for 649 ofnthéhe number of patents is positive. The
distribution of patents filed in countjyby an applicant residing in countrjhas a strong positive
skew: it takes values between 0 and 3563.25, taeage number of patents is 20.45, the median is
0.75 and standard deviation is 15%.2.00king at the time dimension, the number of ptstdited
more than doubles every five years: in 1995 medPAdfis 6.39, in 2000 it is 15.87 while in 2005
is 39.87, suggesting a remarkable increase inrteznational collaboration in patenting activity.
The rise in average patents is due to both th@snte and extensive margin. The latter refers ¢o th
number of zeroes, that represents country paitsatieanot collaborating: they are 87, 68 and 57 in
the 1995, 2000 and 2005 periods, respectively.

To look at specialization in the ICT sector, firstall from the previous section that the greatest
percentage of respondents requiring more strindféRt regulations where Chinese firms. This
could be driven by China’s ICT sector’s specialmatin hardware production, which may rely on
patent protection more than the software segmemtcantrol for this, we will use the share of
exported goods belonging to the ICT sector intexhetith the IPR protection Index among other
controls*® We use the share of exported goods belongingetdGfi sector in 2000, obtained from
World Bank’s World Development Indicators, to acebéor the degree with which NICs should
care about IPR protectidi.As discussed aboveeteris paribusthe more the production mix is
biased toward technological goods, instead of swftwthe more IPR protection should be a factor
that fosters innovation, since issues of appropitgtof patents are more relevant. This measure
varies a lot across NICs, ranging between 0% ofeCioi 69% of Philippines. Within this group,
India ranks fourth in 13 with 1.4% while China raminth with 18.996°

12.4.2 Empirical results

We start estimating the parameters of Equationn(2) parsimonious specification. First, we want
to pin down the values that the coefficients of skendard independent variables used in empirical
gravity model take, so to compare our results whibse established in literature. Our results are
collected in column 1 of Table 4, where OLS ardqrered using a specification in which distance,
dummies for common language and common border, latipu and GDP per capita are included
among the controls. In all the specifications régain Table 4, the dependent variable is the fog o
number of patents, so only country pairs showingpsitive number of patents is included in the

”The number of patents can take fractional valuealme we take the average across years.

8 Data on the share of exports in the ICT sectott @Relude software) comes from World Bank’s Worlevelopment
Indicators Database. They are relative to year 2000

® The definition of this variable is: “Information dncommunication technology goods exports include
telecommunications, audio and video, computer atated equipment; electronic components; and dtffermation
and communication technology goods. Software isuebet.”

2The rank is over 13 instead of 14 NICs becausegurds are available for Egypt.
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sample. As in all the following specifications, twWout of three) time dummies are included,
together with NICs and OECD country dumnfiés.

Table 4: Determinants of strengthening South-North formatbINs.

(1) () (3) (4) (5) (6)

DIST i -0.59 -0.59 -0.58 -0.49 -0.59 -0.59
(0.08)***  (0.08)***  (0.08)***  (0.09)***  (0.08)***  (0.08)***
COM_LAN i 1.11 1.12 1.13 1.25 1.13 1.12
- - (0.15)***  (0.15)***  (0.15)***  (0.17)***  (0.15)***  (0.15)***
0.00 0.01 0.03 0.19 0.03 -0.00
COM_BOR_j (0.31) (0.31) (0.31) (0.32) (0.31) (0.31)
POP it 6.99 6.44 5.14 4.88 5.14 6.37
- (1.73)***  (1.84)***  (1.85)***  (2.06)** (1.93)***  (1.79)***
poP it 8.49 7.74 6.69 5.09 7.47 8.59
(2.25)%*%*  (2.25)%**  (2.25)***  (2.64)* (2.25)***  (2.25)***
GDP pc it 1.04 1.07 1.02 0.74 0.90 1.05
- (0.23)***  (0.22)***  (0.23)***  (0.29)** (0.24)***  (0.22)***
6P pc it -1.08 -0.49 -0.49 -0.69 -0.47 -1.00
(0.40)***  (0.43) (0.43) (0.50) (0.43) (0.41)**
PR it 0.05 -0.01 -0.23 0.05
- (0.11) (0.11) (0.18) (0.11)
1PR_jt -0.77 -0.72 -0.65 -0.78
(0.21)***  (0.21)***  (0.25)%**  (0.21)***
ICT_IPR_it 1.>4 183
- - (0.49)***  (0.59)***
EDU_it 0.12
- (0.06)**
EDU_jt 0.02
(0.02)
dist_IPR_ijt ;g'g:)
Obs. 649 649 632 476 649 649
R? 0.79 0.80 0.81 0.78 0.82 0.80

Dependent variable: log of number of patents filedountry j by residents in country i (all
specifications include monadic country dummies timeé dummies).
Standard errors in parentheses. (***) p-value 4.0(®) p-value <0.05, (*) p-value <0.1

2 These dummies already control for a lot of variatia regression that uses only those delivers?af B.74.
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Distance shows an elasticity of -0.59 that is caomalpi@ with the upper bound found by Picci
(2010), even though he uses a different measurpdtants. Language proves to be an important
determinant, while the common border dummy does pratbably because of the low variability:
only 11 out of 649 observations report a one. ieasures (population) of origin and destination
country have a positive impact and comparable ntades, while income per capita has a positive
effect in the origin country and negative in thetdetion. Referring to GDP per capita, the former
effect could be the result of higher human cagtad/or higher R&D spending, measures that are
usually associated with higher GDP per capita. l@ndontrary, GDP per capita in the destination
country negatively impacts on international pategtctivity. This could be driven by the fact that
NICs tend to collaborate with countries that arerensimilar to them in terms of level of
development?

In column 2 we introduce the IPR protection indié@sboth origin and destination country. The
IPR protection index for the former country is po® but not significant, while the latter is
negative and strongly significant. These resules @gposite to those obtained in Yang and Kuo
(2008), who find a positive and significant relatibetween IPR regime of the destination country
and foreign patenting activity that takes placeéh@he negative effect could be a symptom of
defensive strategies by Northern firms that blockeas to important technologies needed by
Southern firms to realize their own innovationse3é could include the market power effect (a
more concentrated market impeding entry by newdjror increased incentives by firms in the
North to engage in defensive patenting (Hall anelddnis, 2001), most common in the hardware
and software industries. The strategy of defenpatenting, also referred to as ‘patent blocking’,
aims at preventing rivals from applying for the saan similar coverag€ As suggested by Allred
and Park (2007), while the market power effect nmagatively impact both developed and
developing countries’ markets, defensive patenitngiostly associated with Northern countries.
Also, since NICs are on average less technologi@dlvanced than OECD countries, the former
may find it easier to patent an innovation in OEQilntries with weaker IPR regimes. This occurs
because the technological frontier of the most kbgeel OECD countries is difficult to reach,
therefore few patent filings are recorded. We tiKe this into account in specifications that unsee t
distance between IPR protection indices within eamimtry pair. Note that the introduction of the
indices results in the loss of significance of G#? capita in the destination country, that cowdd b
due to the high correlation of this variable witle tPR index (0.70).

Column 3 reports a specification in which we adddtumn 2 the interactions of the IPR protection
index with the share of exported goods belongingth® ICT sector in 2000 for NICs. As

highlighted above, countries like China, whose potidn (and therefore exports) is oriented
toward ICT goods, should benefit comparatively nfooen the protection of IPR. As expected, the
interaction between the share of exports in ICTiaseand the IPR protection index in NICs is
positive and strongly significaft.In column 4 we replicate the last results exclgdinuntry pairs

2 A regression using the squared difference of GDiPcpeita of origin and destination country, rathiean the two
separate variables, gives a negative and signtfuxzefficient.

ZAn example of defensive patenting is the 17,00@mabortfolio held by Motorola Mobility Holdings ¢nand bought
in August 2011 by Google to protect HTC Corp. amthSung Electronics Co. who produce phones bas&ibonle's
Android software. Indeed, in April 2011, Apple sugamsung in the US and subsequently claimed agatosprevent
the imports of Galaxy Tab 10.1 and Galaxy Smartgkan Germany, Ireland, Netherland, Sweden and (Kivong,
R. and Jung-a, S., “Google’s Motorola deal a baamAsia”, Financial Times, 16 August 2011; Zeman, ‘Bpple
wins another round against Samsung in Germanydyinétion week, 09 September 2011)

#The direct effect of the share of ICT cannot bévested because it is collinear with NICs’ countigefl effects.
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involving China or India, two countries that hosamy headquarters of MNCs. In these cases PAT
would be a spurious mix between genuine cross-bont@vation collaborations and innovations
carried on within China (India) by Chinese (IndiaiNCs that only register their innovations in
foreign patent offices, subsequent to filing a dstieepatent. Results hold even if less signifigant
some cases, possibly due to the smaller sampleifiSpgon in Column 5 add tertiary education
measures for both origin and destination countrih&d in Column 2. Only education in the origin
country turns out to be positive and significante Wied to add the interaction term of tertiary
education and ICT, paralleling the regression inu@m 3, but nothing changes. In column 6 we
replicate specification 1 while using the squaréstathice between IPR protection indices within
each country pair instead of the two IPR indicesisTvariable is negative as expected but not
significant at conventional levels.

Table 5 collects results using different specifmad and different estimation techniques, that we
perform in order to check for the robustness of finglings. Our main concern with the results
obtained is that half of the observations are rs#dubecause PAT takes a value equal to zero,
causing a missing value for its logarithm. Alsdfatently from the case of bilateral trade flows,
PAT is a count variable, for which the Poissonmator has been suggested (see Picci, 2010 and
Santos Silva and Tenreyo, 2006 among others). lanoo 1 we report results for the Poisson
version of the specification 2 in Table 4. The a@lnste variable is precisely estimated and the point
estimate is around 0.3. Signs previously foundcaresistent, while now the IPR protection in NICs
turns out to be positive and strongly significafite significance being driven by the inclusion of
more than 600 zeroes in the analysis suggestsRRaprotection works at the extensive margin.

Table 5: Determinants of South-North formation of GINSs.

(1) (2) (3) (4) (5)
Method Poisson Poisson Poisson Poisson N.e gatlye
Binomial
DIST i -0.27 -0.27 -0.28 -0.27 -0.63
(0.02)*** (0.02)*** (0.02)*** (0.02)*** (0.07)***
) 0.53 0.53 0.54 0.55 1.06
COMILANLT  (ooap== (004 (004)***  (004)***  (0.13)***
) 0.19 0.16 0.17 0.17 -0.05
COM_BOR_ij (0.10)* (0.10) (0.10)* (0.10)* (0.28)
bop it 2.98 1.29 3.52 3.50 7.41
(0.56)*** (0.58)** (0.56)*** (0.57)*** (1.74)%**
pop it 1.86 6.18 2.92 -0.02 5.65%*
- (1.07)* (1.33)%** (1.07)%** (0.98) (2.30)
6oP pe it 1.33 1.10 1.08 1.30 1.27
(0.08)*** (0.08)*** (0.08)*** (0.08)*** (0.22) %%
. -0.99 -1.56 -0.97 -0.65 -1.08
GDP_pc_jt (0.16)*** (0.20)*** (0.16)*** (0.15)%** (0.39)***
) 0.61 0.59 0.43
1PR_it (0.02)***  (0.03)***  (0.03)***
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PR it -0.41 -0.37 -0.49
J (0.13)*** (0.13)*** (0.13)***
. 0.20
EDU_it (0.02)*+*
. 0.02
EDU_jt (0.00)**
. 3.29
. " -0.12 -0.07
dist_IPR_ijt (0.01)%** (0.03)***
Obs. 1293 1293 1293 1293 1293
Pseudo-R 0.95 0.95 0.95 0.95 0.43

Dependent variable: number of patents filed in ¢gujrby residents in country i (all specificatiomglude
monadic country dummies and time dummies).PAT
Standard errors in parentheses. (***) p-value 40(®) p-value <0.05, (*) p-value <0.1

Our explanation is that MNCs open up research Iesian NICs only if IPR protection is large
enough, while once research branches are opertiwégvel of IPR protection plays a limited role
in defining the intensive margin of innovation ati. In column 3 we add education variables to
the previous Specification. As in the OLS casdjasr education in origin country is positive and
significant and now also education in the destamatountry has a positive effect, even if ten times
lower than the effect in the origin country. In wein 3 we replicate specification reported in
column 4 of Table 4. There is little change wittspect to the results in column 1 and the
interaction term, as for the OLS case, is posiéind strongly significant. In column 4 we substitute
the two distinct measures of IPR protection (in 8llend OECD countries) with the distance
between IPR indices within country pairs, as weididolumn 6 of Table 4. The coefficient is again
negative but it is now strongly significant, suggas the extensive margin of patent production to
also be at play when the similarity between IPRmeg are concerned. Finally, in column 5 we
estimate the previous specification by means ohtrgative binomial method, that should improve
estimates when the dependent variable is oversdisgg§Hausman et al., 1984), i.e. the variance to
mean ratio is greater than one, as it is in oue.cResults are broadly confirmed, together with the
gain in significance of the positive effect of ptgdion in OECD countries.

12.5Conclusions

This investigation can be viewed as an initialrageto explore the different roles IPRs can play fo

the globalization of Southern innovation with redp® the location of enforcement, the identity of

firms/researchers and the (sub-)sector under siiiyle the debate on the protection of IPRs has
often been placed in a ‘North-toward-South’ perspec this paper addresses innovation that
originates in the South. The investigation attentpt@nswer the question whether stronger IPR
protection home and away or its harmonization tabal levels foster the internationalization of

R&D from the South.
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Using both survey-based data on Chinese and Iroiras in the ICT sector and country-level data
on the foreign patenting activities of NICs in OE@DBuntries our analysis confirms IPRs to play
varying roles in the formation of global innovatibnkages. While the survey data revealed that
IPRs do not necessarily foster innovation outsagr@nd offshoring activities of Southern firms,
our country level analysis showed that they couldeed have a negative impact in foreign
patenting by NICs. The firm-level tests pointed th relatively higher importance of IPRs for
domestic firms to engage in global innovation neksp whereas the macro-study showed the
necessity of a strong IPR regime at home for MN&eaech branches to be operative there in the
first place. Finally, both levels of study also gasgt the importance of sectors and subsectorsin th
role of IPRs in global R&D linkages. We found th€Tl industry, particularly the hardware
segment, to rely on IPRs when engaging in the natesnal outsourcing and offshoring of
innovation or in patenting activities abroad.
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Appendix 1 - Survey design and implementation

The survey was administered online from Novemb&920 June 2010 by the INGINEUS project,
25 after significant work in designing and pre-tegtifme questions. The overarching goal of the
survey was to establish the presence of globaMatian networks: how global, how innovative and
how networked the sample was. Each institute ctiessurvey delivering method according to past
experiences and knowledge of the best methodsedilin the country for high response rates.
Indeed, it was delivered electronically by mail lank, by face-to-face interviews, through
telephonic interviews or by written mail. Furthemapowhile in European countries and South
Africa the survey was managed at national leveBiazil, China and India, it was conducted at
regional level.

The survey included a number of questions relainthe respondents’ background, such as main
product (goods or services), firm size, percentafyeales activity abroad and R&D activity. In
addition, to extract information on firm behaviaruestions on (i) source of technology, (ii)
geographic networks and collaborations establisfigdfactors determining offshoring activities
and (iv) policy-factors for the internationalizatiof innovative activities were designed.

In Table 1 we report the distribution of the samgubeoss sectors, countries and firm Sizas well

as the response rate registered and the repragengss of each national sample within each sector
group. The survey received 1214 responses from1l#&20 companies contacted, which is a
response rate of approximately 8.3%. China and @eymegistered the lowest response rates of
respectively 2.7% and 5.585.The combined INGINEUS sample results dominatecthsy ICT
sector (77%). This is due to the size of the Indamd Chinese markets, which represent
respectively 26.7% and 20% of the entire sampld @h7% and 26% of the sample ICT firms),
but it could be also attributed to the nature &f #gro processing and automotive industries which
tend to be more concentrated.

Observing the number of R&D active firms over tatational sample, there is concern with regard
to the presence of a response bias in favour wisfthat perform R&D, mostly within the group of
Indian and Chinese ICT firnf€.Nonetheless, as we are interested in looking étdterminants
that make an innovative firm go global, such resgadnias should not affect our analysis.

% INGINEUS is an international research project fuhdy the European Commission that studies globabvation
networks. It involves 14 research institutes anvensities in seven European countries plus Br&fiina, India and
South Africa. For further information on INGINEUSqgpect please see www.ingineus.eu

% For instance, in both China and India, the surveas wun mostly through face-to-face interviews depbone
interviews give the low electronic response rateegienced.

2 Given the large number of small firms in the Swhdiad Norwegian ICT databases, it was agreed hieatinimum
size of a firm for the survey would have been fiveployees, while no upper ceiling was defined.

% Low response rate in surveys conducted to assemmiational innovation by Chinese companies has loie¢ected
also in other studies. See: Chen J (20@®)bal InnovationBeijing: Economic Science Press.

#This could lead to affirm that the ICT sector inexging economies is more R&D active than in Europe.
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Table A.1: Response rates and total sample distribution bpsemuntry and R&D activity.

R&D % of R&D
response % over total active active firms

Sector/country dataset responses rate (%) sector obs. firms  over national

sample
China™® 9119 243 2.7 26 181 745
Estonia 121 17 14 1.8 2 11.8
Norway 519 179 34.5 19.1 53 29.6
India™* 1287 324 25.2 34.7 195 602
Sweden 1662 171 10.3 18.3 76 44.4
Total EU 2302 367 15.9 39.3 131 35.7
Total emerging economies 10407 567 5.4 60.7 376 66.3
Total ICT 12709 935 7.3 100 507 54.2
Denmark 210 49 23.3 37.1 5 10.2
Norway 2 2 / 1.5 0 /
South Africa 325 81 24.9 61.4 27 333
Total EU 212 51 24 38.6 5 9.8
Total emerging economies 325 81 24.9 61.4 27 333
Total Agro-processing 535 132 19.6 100 32 24.2
Brazil* 241 69 28.6 46.6 17 24.6
Germany 963 53 5.5 35.8 31 58.5
South Africa 2 2 / 1.4 0 /
Sweden 168 24 14.3 16.2 13 54.2
Total EU 1131 77 6.8 52 44 57.1
Total emerging economies 243 71 29.2 48 17 239
Total Automotive 1374 148 10.8 100 61 41.2
TOTALEU 3645 495 13.6 - 180 36.4
TOTAL emerging economies 10975 719 6.6 - 420 58.4
TOTAL 14620 1214 8.3 - 600

® The Chinese sample was extracted from two regidatdbases: (i) th8eijing databaseand (ii) the Schenzhen
databaseThe questionnaire was distributed in the 5 mesetbped provinces in China: 146 questionnairesectiom
Beijing, which account for 60% of the total questiaires; 51 came from Guangdong province, whiclaaicfor 21%;
35 from Shanghai, 14%, 10 from the Zhejiang prosjmepresenting the 4%, and only 1 from Shandoagipce.

% The Indian sample was extracted from M®SSCOM Directory of IT firms 2009-2Q1distributed across the main
cities and regions as it follows: 281 in Bangalowdjich account for 21,8% of NASSCOM Directory; 246
Delhi/Noida/Gurgaorrepresenting the 19,9%; 185 in Mumbai(14,4%); 7Pime (5,6%); 147 in Chennai (11,4%);
184 in Trivandrum (14,3%); 107 in Hyderabad (8,384l 55 in Kochi (4,3%).

32 The Brazilian sample was extracted from the AnmRegjistry of Social Information (RAIS), a registrf/social and
balance sheet information collected by the Brazilimbour and Employment Ministry. The total numieérfirms
classified in the automotive sector in Brazil i$25. Out of these, 233 companies are located irstée of Minas
Gerais and, of these, 107 (46%) have employedP@8230 workers or more. From the dataset all aativea firms
from the state of Minas Gerais were selected, dexvithe firm declared over 30 employees.
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Appendix 2 — South-North foreign patenting

We consider all (and only) foreign-oriented pat&rnilies of NICs looking specifically at the
destination of their foreign applications, restrigtsuch observations to OECD patent offices.

As well-known, under the PCT, patent applicants s#ymit applications in multiple jurisdictions.
This implies that a single application can, in ttye@otentially lead to patent grants in 144 member
states. For the purposes of the analysis of inolisadf global patent activity by country of origin
PCT applications may not be appropriate as thegemteduplicated’ However, this is not our
objective. Our objective is to look at the deteramts of demand for protection of emerging
economies in high-income markets.

Patent activity of NIC in multiple OECD jurisdictis can provide a proxy indicator for
technological transfer and may let us advance denaiions concerning its impacts on competition
(i.e. exports) and other economic effects, suateastransfers to the jurisdictions of patent hodde

However, considering only the first applicant’s nty of origin in patent applications has some
limits: our measure doesn't catch the participatbforeign inventors in the research process of a
firm, that is, a German or Chinese engineeringistrdoution to an invention owned by an Indian
firm is not taken into account. Our dependent \dei@AT considers: (i) domestic firms set in NIC
who seek protection in a foreign high-income maeka (ii) foreign subsidiaries of an MNC set in
NIC who seek protection in a market different frahe one where they operate. Such foreign
market could be the country where the HQ of the MillGet as well as other third markets. For
instance, if one of the TATA steel production ptamh UK or Netherlands apply for patent
protection on a new rail steel in any European tryuor in India, such patent applications are
excluded from our observations. While, if the netTRA steel production plant set in South Africa
would apply for patent protection in UK, this woule included in our observations as South
African invention seeking protection in UK. Differdy, if TATA consultancy services Ltd, set in
Mumbai, applies for patent protection, for instanoe a new system for vehicle security able to
monitor the cardiac activity of a drivét,and it applies first for patent protection in ladas it is
generally done to save the priority date, and teough PCT procedure in UK, Germany, US,
Japan and Korea, this application is consideretbesign-owned’, namely Indian-owned, in each
designated destination market, but the Indian ®herefore, we focus on innovations (or potential
innovations) developed in Southern countries trat meet the supply of Northern markets,
including also innovations that both Northern amaditBern MNC subsidiaries set in NICs develop
not simply to adapt their products to the local kets, but that aim to meet the global demand of
technology. Another limit of our dependent variaBl&T is set in the possible presence of more
than one applicant in a patent application thafediin terms of country of origin. That is, joint
ownerships of patents between a firm set in an OEGUNtry and a firm set in an NIC is not
grasped. This may lead to an underestimation crmational collaborations in science and
technology as well as an underestimation of NICtrdontion to the global market of technology if
they are listed as second applicant.

3 Over the years, the percentage of patent famil®rning at least two patent offices has increasmtsiderably.
Among the top countries, there is considerableatiarn in this share. For example, fewer than 7%atent families
created by residents of the Russian Federatio®4)l.Ehina (3.4%) and Brazil (6.6%) contained asidao patent
offices between 2003 and 2007. In contrast, maxa tialf of all patent families created by residexitSrance (51.5%),
Sweden (54.3%) and Switzerland (60.5%) includeast two offices (WIPO, 2010).

*International application number W0O2111111056, ddtgublication 15-09-2011, priority date 12-03-201
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13 RESULTS FROM THE INGINEUS WORKSHOP ON
POLICY FORESIGHT

Author:
lan Miles, Manchester University

13.1Introduction

INGINEUS has been an FP7 research project - INGINHBing an acronym fdmpact of
Networks, Globalisation and their Interaction witJ StrategiesAs one of the concluding
steps of this project, Boresight Exercise was held in Brighton, Sussek. dn September
g"-9th 2011. This began with a presentation of th&6INEUS project, and a discussion of
issues arising from it. The workshop then proceedewugh a series of structured
conversations in plenary and break-out groupsxsmgne policy implications arising from
this work. This note summarises the major pointshef workshop. The participants in the
workshop are listed at the end of this report, Whecof course based on their contributions.
These were provided under Chatham House Rules'peisis of view are not attributable to
individuals. All participants are thanked for thigivariably valuable contributions.

As always, the rich discussion was extremely deevath ideas and conclusions expressed
in many different ways according to the specifiscdurse that was underway. It has been
necessary to impose some consistency in ordedtreadability, and an effort has been made
to formulate points in terms that reflect the githe argument. Any failure to capture the

content or spirit of the workshop is the resportisybof the author of this report.

If there is one major conclusion from the workshiops almost certainly that INGINEUS has
identified an extremely important topic, with praat implications for many stakeholders;
just how the topic affects the broader innovatidrategy for Europe is a matter of
considerable debate. The need for further resemraloutinely identified in social and

economic studies: in this case, however, the neqghiticularly strong, with many themes
deserving sustained and systematic attention. INERISI was welcomed for providing good
insights into a complex and rapidly changing topicis more than the first word on the
subject, but it is far from being the last one.

13.2INGINEUS: main results and issues arising

INGINEUS is concerned with Global Innovation Netk®r- GINs - and the opening
discussion clarified the nature of GINs and expddasome major conclusions from the
empirical research. Whether through firms that'laoen global’, developing open innovation
strategies through global networks more or lessftbeir foundation, or through more
established firms gradually transforming their agwh from traditional in-house innovation

Page 271 of 300



5. 43 D10.1: Comprehensive research papers on “Global lrovation Networks:
‘ challenges and opportunities for policy”

activities towards open and network-based innowgpimcesses, or through other patterns of
evolution, the general assumption is that Globabiration Networks (GINs) are becoming
more important. The project has set out to estabiiiew far it can get a handle on these
networks, and then assess their scale and impertanc

Helena Barnard and Susana Borras kicked off thé&stamp with a pair of presentations that
summarised the project methods, the concepts afitibms used, and the major results
achieved. One definitional issue is that GINs amrerthan global production networks and
supply chains. (They may well come into being tigtowpgrading of the knowledge
exchanges and innovation cooperation within sucledyction networks, but this
transformation cannot be assumed. Indeed, it setithso be relatively rare.) The starting
definition of GINs was that they are “globally orgzed network[s] of interconnected and
integrated functions and operations by firms and-fion organizations engaged in the
development or diffusion of innovations” (Barnard).view of globalisation as inexorably
extending into more and more features of econoifécnould lead us to expect that firms
will move on from exporting their products intenoaially, from producing their goods and
services with operations and partners across thigeglto undertaking innovation globally,
drawing on a rich network of partners (includingaal as firms also such bodies as business
schools, research institutes, and the like). Bahsudeepening of globalisation may not just
be an extension of the activities of transnatiarmaporations. As implied by the distinction
between “born global” and multinational firms, teerould be scope for new players to play
leading and leadership roles in GINs. The extenwldch this is happening is an empirical
guestion — the scope for its emergence in the déutakers us into the territory of Foresight.

As well as examining existing research, INGINEUSveyed firms in 10 countries (6 in
Europe, plus a set of important emerging economiaszil, China, India, and South Africa)
The survey was intended to aimed at determiningettient to which innovation is taking
place in GINs, and was designed to enable the cosgpaof either traditional low-tech (e.g.
agro-processing), medium-tech (e.g. automobilefhigh-tech sectors (e.g. ICT), in a more
developed and an emerging economy. Few of the faungeyed were participating in GINS,
but then relatively few were actively innovatiorgtworking, or operating on a global scale!
Of the firms that were global and networking, ab@uwjuarter were actively engaged in GINs;
more of the innovating firms were in GINs than wareovators who were networking for
innovation, or operating at a global scale; thoagire innovative firms were doing none of
these things.

The sectors differed — the automobile industry appe to have a tiered hierarchy and limited
networking, while GINs did exist in the IT industayd the agro-processing sector (note that
this did not necessatrily fit the low-tech imagewewoer, since biotechnology firms producing
enzymes by novel methods featured here). GINs émmse be emerging from two quite
different processes, as hinted above — (1) muitinats (mainly US-originating) improving
their innovation capacity for a range of reasonsl, @) emerging economy firms (not always
multinationals) accessing global knowledge to comspée for local shortages. Very small
firms were not taking leadership roles - firms betw 50 and 1000 employees were involved,
presumably since they were large enough to neaddess resources globally, but were small
enough to manage that complex process.

GINs do exist, but certainly do not dominate th@owation landscape, let alone the
international economy. Nevertheless, the existarfcennovation-related networks with a
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global scale is of considerable potential signiica to firms' strategies, their competitive
positions, and to the countries and regions in likiey actors are or are not located. The
guestion also arises of how far innovation-relgpeticies, and some of the foci of these
policies (knowledge producing institutions, natibaad regional innovation systems, etc.)
have a shaping influence on GINs and the outcontleedf activities. Under what conditions,

to what extent and in what ways, do innovationteglapolicies, institutions and systems
enable or constrain the globalization of innova®ion

European firms surveyed by INGINEUS were askeadhdicate the extent to which a range of
factors represented a challenge or barrier for thdman developing a new good or a new
service in collaboration with firms, universitiesaiher organisations located abroad. Most of
the firms did report barriers, though not generafiyigh intensity; the difficulties are not so
strong as to deter European firms from engagin@IMs. The most prominent barrier is that
of “managing globally dispersed projects and caltutifferences”, followed closely by
“changing the current locations of operations drelassociated costs thereof”; “harmonizing
tools, structures and processes” is third. Othetofa like “Overcoming organizational
barriers and gaining management acceptance”, “Rgndrelevant knowledge” and
“harmonizing tools, structures and processes” aghtl/ less problematic. Thus the main
problems emerge as the management of cultural dilmes in the process of collaboration,
and the costs of changing location, are the mogbitant challenges for European firms
when operating in GINs. The results seem to beequonsistent here across different areas.
The implication may be that policy-makers shoulg¢ p#ore attention to the importance of
supporting and improving the organizational and aganial skills within European firms for
them to operate successfully in an increasinglgrivdtionalized innovation process.

The most important driver for European firms’ pagation in GINs is access to human
capital, followed by the rather similar issues atess to specialised know-how, and to
knowledge infrastructures and services. Since the-1990s:there has been an overall
increase of European firms’ off-shoring of R&D — sty to the Triad countries but with an

increasing role for BRICS, where India is the masportant country of destination.

Significant drops in R&D FDI have followed the ecwonic crisis since 2007. There has also
been an increase of inward R&D FDI in Europe. Laddgterences across industrial sectors
are apparent.

The discussion that followed these presentatiomscfwhave only been summarised in scanty
fashion above) took up many issues. There were sdrakenges to the data, with mention
made of other studies (such as a DG Research eatomrof corporate R&D flows). There
was considerable uncertainty about how best to equnalise GINs, with much of the
experience which participants could draw upon cgnfiiom cases which are not necessarily
full GINs (e.g. examples of single bilateral linksy. Different definitions and data sources
all seem to be yielding only fragments of a verynpicated picture, with clear requirements
for further empirical research into the topics agrip by INGINEUS. The point was also
made that Foresight in this area will need to baravof the possibility of trend breaks. For
example, with the economic crisis in the West, @hmay emerge as an increasingly
important player in GINs, and one that takes ortequnew roles here. There are numerous
different stakeholders to take into account, ingigdnot only the firms choosing to
participate (or not) in GINs, but also firms in ithgalue networks, regional and national
policymakers, Higher Education Institutions (HEE)d others.
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What also became clear is that the phenomenon N§ @&l so new — and quite possible so
diverse — that it is rather unclear as to whatsastl benefits they may offer different parties.
While there may be win-win situations across cdeatand regions, this need not always be
the case. In competitive environments, some firnesvary likely to be winners and others
losers. When this spurs efficiency improvement beider goods and services, in a context of
growing employment opportunities, the concerns tha raises are liable to be relatively
localised. But if we see the realisation of threafsmigration of R&D and high-tech
production out of some areas, then matters are roongplicated. A participant from an
emerging economy expressed concern that a newnattenal division of labour might be
emerging, in which lower value-added activities wrdely dispersed but higher value added
activities are substantially agglomerated (albeitnew ways, with MNCs are organising
within networks to take advantage of locationatdeg); there are some experiences of firms
effectively disconnecting their high-value actiegifrom their countries of origin, or from
other locations where they have historically hadrgj bases. There was some debate as to
how far this might work in favour of countries aregjions of different type¥?®

From an EU perspective, the rationale for suppgrity companies’ involvement in GINs
was seen as problematic by some discussants. Bngagén GINs is not an end in itself.
Companies follow this strategy (or choose not toj feasons of profitability and
shareholder/manager value, rather than for someegpodrof the public good — though some
companies are taking corporate social responsitaiitd sustainability to heart. Fears that
European companies may be “too footloose” are ewdryas strong as those that these
companies are failing to involve themselves sudhitly in global activities. From a purely
European perspective it is widely seen to be delgirfor non-European firms to be attracted
to make FDI into innovation activities within Eumpespecially if they are networking with
local firms (and of course with the research bagéeé public sector). The levers of action are
a matter of debate; topics such as access to Eamdgeiversities and laboratories, and some
features of Intellectual Property rules, look todmes where some impact on practices within
GINs might be attained. This may not be an areaoofpetition across European regions
where we risk a “race to the bottom” — rather tltamcentrating on providing low-cost
environments, the challenge may be to establishwladge hubs (with good facilities,
expertise, quality of life, etc.).

Some of the researchers’ experience did suggesinir@vement in GINs can be beneficial
for innovation networks among firms within Euro@ne set of results concerning the more
technologically advanced parts of the agro-foodtsein Denmark found that firms’
networking overseas to access new knowledge anticappns of that knowledge, was
associated with strong mobilisation of Danish instgyn networks. (The dynamics behind
this were complex ones, with, for example, one camypwith global networks leaning on
other local firms to build up their competences aagabilities to work with global partners
to access cutting edge knowledge and markets. $Sgbkening of national innovation
networks, prompted by GIN experiences, was not, dvew the case in the lower tech
segments of the sector.).

18|t was also pointed out that the bulk of existiegaarch focuses on MNC experiences, and it is itapbalso
to take into account the role of SMEs and otheygiia INGINEUS suggests that SMEs are currentlynipai
focused on intra-European networks, but this sihtdfairs may change with evolution of the globabnomy.
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Among the uncertainties that were expressed inligrission are the following:

. What sort of taxonomy of GINs and of GIN stratega&soss firms might be most
useful for thinking about the implications of netking and the scope for, and possible
impacts of, policy interventions? Are variationsraas early-stage research, more
applied research and development, across projeutdaat different sorts of outcome
(different technologies, complex products of vagystales, etc.) liable to be influential,
and if so would policies (and strategies for athksholders) need to be tailored
differently?

. A GIN of a particular type might have different ihgations depending upon how it is
operated, not just on how it is constituted. Siitde likely that there are process and
management considerations within GINs that alscarhpipon their outcomes for the
stakeholders involved, to what extent can thesebdémechmarked and targeted for
action?

. Are the benefits and impacts of GINs simply relatedh linear fashion to degree of
network involvement, as we typically assume, orl@¢dhere be an inverted U-curve
relationship, so that there can be too much, akasdbo little, participation?

The policymaker perspective on these discussionkldme summarised as “tread carefully”.
More understanding is needed before launchingainrgs aimed at promoting or shaping one
or other type of GIN. This is particularly importamas policy-making should address real
identified problems. And those problems can only defined on the basis of a good
knowledge of the features of Global Innovation Naixg.

13.3Foresight exercise: trends and drivers of change

The Foresight activities proceeded through fairgditional stages, first assessing different
forces influencing change in GINs (“drivers”) arth reviewing some major implications of
these.

Some major trends and factors motivating partiogpatn GINs had been presented in the
opening sessions. The text that follows combinespbints made in a series of break-out
groups. Each of these was assigned two of the madsgof the STEEPV (Social,
Technological, Environmental, Economic, Politiddhlues) system, and asked to discuss and
report back on the main drivers arising under thesadings. Inevitably, these drivers are
likely to influence each other in numerous wayswitle range of drivers need to be taken
into account by those concerned with the futurdugian of GINs. Some are relatively stable
features of the world economy, that are likely évsost and influence the evolution of GINs
across any scenario we might care to consider. Ssmmenuch more uncertain, and could
fruitfully form the basis for alternative scenarios a fully-fledged exercise of multiple
scenario analysis, should this be undertaken an Etdies.
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Key sets of drivers, then, included:

Technological and knowledge/skills factors

Information Technology is anticipated to contineebie increasingly widely available and
powerful, although security risks and other vulbdites should not be neglected. ICT is a
vital infrastructure supporting the operation oblgdl innovation networks (GINs), and new
approaches to its use (social media were mentionad)be expected. Major innovation
opportunities are opening up around a range ofrddwhnologies, and there are hopes for
breakthroughs in developing solutions (or at letst, technological elements of solutions)
for many of the major problems that confront therldio(*Grand Challenges”, in European
terminology.) The increasing reliance on advancahrologies is underpinning a global
trend to a knowledge-driven society, where manyed#ht disciplines and professions
frequently need to be brought together in the aup$ innovation and diffusion of
innovations.

A wide range of expertise and skills is requirekimowledge-driven economies (though the
picture is far too complicated to be summarisederms of an upgrading of all work — if
anything, there are signs that middle-range posstiare being squeezed in the more
advanced economies). There is great disparity @ dbality of education and the skills
available across regions of the world. Actors ilN&lare influenced by perceptions of the
guality of — for example - engineering graduatesnmerging countries like India and China,
where there are large numbers of young people engefgom training (even though they
may constitute a small share of the overall workdoat present|). GINs are often forged in
order to access high quality or highly specialiskils in regions of excellence, though firms
also take the cost of access to skills into accdbatisions as to where to locate production
may follow a different logic.

Economic factors

There was a strong emphasis on the econgrowth of BRICS (Brazil, Russia, India,
China and South Africa) during the exercise. It was widely believed thairenBRICs
would become players comparable to China on thédwstage. Some other countries might
also begin to enter the picture, though relatively have the scale to make such an impact as
these.

These new sources of economic dynamism were expézteecome increasingly important
markets for Europe, though tapping into them successfudlyliable to be a highly
competitive business. GINs could be an important glathis, and European firms should be
aware, if they are not already, that technopolesnfrarable to Silicon Valley, according to
some speakers) are appearing in new places. Neles#h the current prospects are for a
world of continuing large economic inequalitiestibacross and within major global regions.
These economic disparities might serve as constraim growth, through limited economic
investment in times of crisis, or through domeststability and international conflict.

Political factors were seen thus as liable to affiee development of BRICS, and also that of
more industrialised regions. The economic integratif Europe is of course very contingent
upon European politicEEuropean integration was seen both as an influence on GINs, a
factor to be considered, and as being in many ots@an unfinished project. How far and
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under what conditions, engagement in GINs suppmrtsven acts against such integration,
and is itself facilitated by moves in this directipvhich were generally felt to make Europe
more attractive for FDI), remains unclear. Someiomaiistic/protectionist sentiments in

public life, however, might portray GINs as in somay being anti-European (integration).

Similar sentiments, and political action based loent, might also be apparent ion regions
like the USA, possibly part of wider obstaclesuater opening of international trade.

Regional integration extends beyond the EU enlargement and integradios could also be
influencing the pattern of global innovation adiies$, the cross-cultural flow of knowledge
and the development of global innovation hubs. &&g)i economic dynamics are complex,
with relationships crossing countries, but not sea€ly engaging all geographic territories
of these countrie¥’ Thus there are geographic regions within EU, @ Greater China
region (some of the regions of mainland China, tlogre with Hong Kong, Singapore,
Malaysia and Taiwan), the Andean countries, an@rsoSuch regional communities may
have close economic cooperation combined with adgms of shared cultures (and perhaps
some disadvantages of these, too) The regionagratien would mean greater growth
opportunities for globally active MNCs in terms aew market opportunities, greater
possibilities to combine the knowledge accessedn frearious regions, and greater
collaboration on product development. In the contéxegions, there are the). However, the
Supra-regions are considered to be above the métolicy framework and conditions.
Hence the challenge here is that this would meaeeal to look beyond the state. On the
other hand, there are the specialised sub-regidunaters or other intra-national regions,
which again challenges the state to balance threefieompetition for regional resources,
skills etc, arising from conflicting regional pasi within the country.

Environmental factors

While future environmental conditions are a highbntested topic, it was widely expected
that we will seeClimate Change and Its Impacts(whether anthropogenic or otherwise).
This will certainly influence the attractivenessdaim some cases the viability of specific
locations, and quite possibly the economic perforceaof some major nations. The
implications of GINs are ambiguous, and may be nposminent as the indirect influences
that might follow the disruption of existing globptoduction chains. “Climate refugees”
might affect cross-border mobility of highly quail labour — both by rendering some
professionals more footloose, and by triggeringréffto establish new immigration controls
on the part of regions experiencing surges of iawaigration.

Possibly a more direct influence would be on thebfams which innovation is required to
address, with efforts to address various “inseile#it- water, food, energy security — and to
achieve more sustainable modes of operation (usenafvable energy, overall reduction in
energy and materials intensity, etc.). GINs miglallvbe mobilised around new energy
technologies, agro-biotechnology, new techniquesvater purification, and the like. There

“"The word “region” can apply to subnational regioas,well as to supranational ones. The point rethat
often a country’s economic dynamism is in realigrgely accounted for by the performance of a few
particularly active subnational territories — oftgty regions. While regional integration acrossiminies may be
reflected ion treaties and trade agreements, famele, there is often a de facto process of netwgrketween
subnational regions, for examples city-regionsiffecent countries that border each other.
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was also some emphasis on the resosecegcitiesthat many commentators anticipate. GINs
themselves would be expected to be more efficiantheir use of resources, but the
implications of this might be diverse across défgrtypes of network and innovation.

Political and values factors:

Numerous topics were raised here. We have alreadgtiomed the role ofpolitical
instability — which is not confined to emerging economies (theent case of Greece was
mentioned) - and the prevalence of various formsoofuption was also noted as a source of
resentment and a factor influencing GINs memberahigh behaviour. There are often great
differences inenforcement of institutional norms between the developed world and the
developing world. While not wishing to claim thateeything in the developed nations is
perfect — far from it, constant vigilance is shownbe necessary, not least by the current
economic crisis — they do tend to feature greatditigal will to ensure that the rules and
regulations are adequately and transparently eefiodo the GIN context, it is suggested that
robust intellectual property rights (IPR) regimesdaeffective implementation of the
corresponding rules has been a significant factaatiracting R&D FDI in Europe and the
US. In contrast, it is suggested that multinationampanies (MNCs) are reluctant to
undertake some R&D and innovation activities intaier developing countries due to the
risks arising from weaker IPR enforcement there.

A topic that relates to regulations, but also hagrang linkage to more general issues of
values, isthe establishment of technical standards- which was considered to be a major
attractor for inward FDI, networking, and R&D lomat, and indeed as a driver of
networking more generally, not least in relatiorcédiaboration to define technical standards.
In the advanced countries higher standards preMaist governments have defined a set of
mandatory technical standards in areas of conspnoéection, human health and safety, as
well as environmental protection. Relevant regataiare stronger and strictly enforced. In
general there is a greater demand for the developraed in the implementation of
mandatory, quasi-mandatory or voluntary technidahdards etc. Those institutions and
companies that take a leading role in developing teehnology and industry standards can
gain advantages. Globally accepted technical stdedaffer tremendous market potential
and opportunities for revenue generation, so greateovation activities are instituted to
establish and meet those technical standards.

We have also already noted the topi@tftudes to, and Policies concerning, Migration—
which received a good deal of attention. This a#tuénce GINs through affecting firms’
domestic innovation activities (in Europe or elsevd) and their strategic decisions on where
to locate and network with R&D and innovation attigs. Stringent migration policies can
already make it difficult to employ the knowledgenkers needed for highly specialised
functions, leading to offshoring (including offsleosutsourcing) to different regions in search
of new skills. The group heard personal testimohjaw researchers from outside the EU
faces barriers to working in the EU — requiremdatsvisas and the like can seriously affect
networking, limiting mobility other than simply atiding meetings. The issue of regional
specialisation will be mentioned in the next segtibut in the present context, it was noted
that different types of knowledge worker may beuregf in different regions, so migration
policy would do well to take account of these dseerequirements.
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Finally, there was much discussion around the thourestion of the role of cultural factors
such as attitudes to risk taking and entreprengurshterest of young people in STI and
related educational opportunities, and to natidme identity (influencing who one wants to
work with and for, as well as what products onehess to acquire). A great many such
factors are ones that are evidently highly impdrtdut in ways that are often poorly
understood, and that are ones where “social engmggecan be highly problematic.

13.4Normative views: success in a world of Global Innation Networks
(GINs)

Having reviewed the various forces shaping the ldgweent of GINs in the first afternoon of
the workshop, in the following morning a sessiorswaganised to discuss: what would be
the elements constituting a successful future imofe in the GIN context? We considered
the period up to 2020 as the horizon which showddcbnsidered. Again, a mixture of
brainstorming and group discussion was used tooexplarious features of success, and to
choose those that appeared most important to amgidher. The focus was “features of
success”, though in practice the discussion sonestislipped into the related, but distinct
one, of “success factors”. The point was understtrat we should not be viewing GINs as
good or as bad things — they are a phenomenoreimtidern world, and the question is one
of how to most effectively live with them. Thereeanany uncertainties — in this discussion,
for instance, the question of whether and whes ibatter to join in with existing GINs or
seek to build new ones was posed, but few answers forthcoming! Likewise, reference
was made to work by Dieter Ernst as suggesting ttf&tcompanies are more engaged in
GINs than European ones, and are making more ptiwducse of them — but how far and in
what ways this is accurate, and what the implicetiare for practice of European firms and
other stakeholders, remains unclear.

Many possible aspects of success were considerddthe ultimate criteria very much being
seen in terms of a continuation of the Lisbon ageAdEurope as a sustainable knowledge-
driven society, generating more and better employnaed a higher quality of life with
stronger social cohesion and inclusion. Thus weldveee the achievement of targets for
reduction in Greenhouse Gases, alongside the @neatftifull and meaningful employment, as
indicative of a successful EU. (Phrases such as-Bbsed”, “post-carbon”, “closed loop”,
“industrial ecosystem” were used to describe thust what GINs mean for this is still not

altogether clear, but several critical aspects Weagklighted.

First, GINs should be used as far as possible tameeCohesion across Europewith
Europe taking advantage of its diverse industmal aultural landscape. This would mean
developing many thriving industrial clusters andihg more distributed science, technology
and innovation activities within Europe. Much dission concerned the extent to which
leadership and excellence involved concentratioreftdrts in relatively few centres, or
whether a more networked environment would perméat dispersion of (coordinated)
activities across many locations. The challenge seen to be that of balancing two things.
On the one hand, success means avoiding a fragthEnotepe in which regions and member
states compete fiercely and effectively undermiaeheother’s performance. On the other
hand is the promotion of centres of excellence, takihg on board the point that it is
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impractical for every locality to aim to be at tfugefront of every line of innovation — some
regional specialisation is inevitable. There arenyngpheres of productive activity in which
regions may excel — the generic technologies tleae@olving so rapidly have a vast range of
potential applications, and thus the range of thimgwhich regions can specialise are also
immense. Thus, instead of a “race to the bottongr@gch, we could see a rising up across
numerous innovation frontiers. This is not someghithat can be imposed by some
centralised planning committee, of course - butramass of social cohesion as an element of
European success in world of GINs appears to iher&indamental.

Each of the three break-out groups in this sessictnally specified some elements of

cohesion as important for European success — ®tinpats to success, and as desirable
outcomes. Given the current crises around the éuveas not even to be taken for granted

that the European Union will survive as an entilgsirable though this was generally felt to

be. Participation in cross-European networks was ses favouring cohesion of this sort.

How far participation in GINs could do so is amlngs, though if this can boost sustainable
growth, such participation would be positive. Rethissues that were raised included aiming
for further reductions in digital divides acrossrépe, with GINs being yet another argument
for improving information infrastructures in genlera

The general aspiration was for Europe to be dispéasind maintaining STI leadership across
many areas of innovation — perhaps especially tiseh can help ensure security in terms
of energy, food, water and the like. This was sasrma matter of leveraging the diverse
regional strengths — cultural as well as economit scientific - and fostering innovation in
both technology and business models. It would endiins to gain and maintain
competitiveness in global markets. Europe wouldlbeib for excellence in applied as well
as fundamental science, and operating in a sublairend efficient way. (As the term
“efficiency” implies, innovation would be exercised public services, as well as in globally
competitive firms and networks of firms; public wee innovation might also serve as the
basis for expert activities and GINs, and is lidolde involved in the sustainability agenda.)
One indicator of success would be a substantiabfigan role in establishing new global
standards.

13.5Implications for action

Finally, with the various features of a successifuiire specified as discussed above, the
discussion turned to the actions that might helpiea® progress toward this vision. The
discussion concerned a range of actors, sincestolear that national and EU policy makers
are only part of the equation, and numerous stdéel®will need to play their roles in the
evolving system. Policy settings can encourage faaiditate action, but firms of all types,
higher education institutes (HEIs) and researclamsgtions, civil society actors, all have
vital roles.

13.5.1 Policymakers

There seem to be two particularly important typkaation for policymakers at EU, national

and local levels. First is creating an attractieetisg for GIN partners. This means creating
the skills and expertise, the STI infrastructurad anstitutions, and the quality of life

conditions that are attractive to inward investordR&D and innovation activities, and to
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potential partners in GINs. This could be “the netelp in cluster policy”. Second is helping
to empower local stakeholders to articulate on heaé terms with GINS, hopefully in
leadership roles but in other types of roles whki®is a reasonable option. This can involve
awareness raising and providing knowledge, skalfg] access to various support resources.
Both of these lines of policy activity can and sldoloe infused with the broader policy goals
that are being pursued, since there is not yetctegr consensus on how far and when GIN
engagement is beneficial for EU innovation systems.

It will be apparent that a third line of policy et is not outlined above. This is the rather
classical approach of actively seeking to buildaaeks, providing funding for participation
in them of at least the academic/research parhtspaand the like. There were several
reasons for caution here, including:

. There is still considerable uncertainty about:

—  The distribution of costs and benefits of GINs (eprecisely, of different types
of, and different types of participation in GINS),

—  The policy levers that might be most effective hemed how far existing policy
tools (like incubators, public procurement, IPRegjl support for academic-
industry links*® can be “tuned” to take advantage of GIN potestial

-  The impacts that policy actions might have on nsmentaneous initiatives. (That
said, it is likely that some policy actors will pesd to GIN developments with
tactics of their own, and these should be carefslsessed.)

. There were very mixed feelings about the ways irclvisupport for research networks
have proceeded in the past through EU institutiovid) much criticism from some
participants of the past experience with Network&xcellence under the Framework
Programme. The experiences with that particularunsent, whose terms of reference
were modified dramatically in a nontransparent pss¢ was not seen as boding well
for top-down efforts to establish a framework folNG. While that instrument did in
principle encourage bottom-up identification of aseor collaboration, the case was
that a much more bottom-up steerage was requirerking with existing and nascent
centres of excellence across Europe.

. Policy intervention might be better aimed at enagurg entrepreneurship and start-
ups, and building innovation capacities and netwaak local and European levels;
strengthening European networks continues to bershw goal, with such networks
allowing for participation in GINs on better terma)d hopefully enabling better local
capture of the value created through GINs.

Thus the main issue was seen as empowering Eurcgiakeholders to themselves take
decisions about GIN participation. This might in®lsome financial support — e.g. tax
breaks for SMEs that are undertaking such actscitidhere might also be need to consider
how migration and other regulations might need éo‘tweaked” to allow for the access to

“8One idea proposed in this context was that of ta&aks on the line of R&D tax breaks, or creditsilsinto
innovation credits, for firms collaborating with HEand RTOs.
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knowledge that is required. There might be awarenaising and similar forms of gentle
encouragement, as mentioned above.

Despite the reservations about policy action torwt@ GINSs, the point was made that public
bodies have a vital role to play in promoting inabon that can help us deal better with
Grand Challenges. Here the ways in which fruitfollaboration can be fostered should be
examined carefully.

Finally, there was a case for examining the waysvimich some of the more problematic
features of GINs might be regulated. Global produchetworks have often been criticised
for allowing offshoring of polluting activities tmore tolerant countries, creating local and in
some cases more general environmental impactdpasdipporting poor working conditions
in developing countries. GINs might be thought éddss prone to such problems, but among
the possibilities mentioned were — GINS that migatactively aimed at undertaking risky
geoengineering projects whose governance shouldusbtbe a matter of an innovation
consortium; GINs that involve dubiously ethical gedures by way of trials of drugs and
other medical (and reproductive) interventions aurdries with limited control over such
trials; GINs that involve working with toxic chenails and other hazards (e.g. some types of
GMO, some nano-artefacts). GINs are like any othenan activity, with risks as well as
opportunities, and policymakers are beholden tosiclem the wider risks — even if they
should attempt to do so in ways that which notestipportunities. There are policies — and
also initiatives from the private sector around fidvate Social Responsibility and
sustainability — that already bear on the more flamrisks (environmental degradation,
health and safety at work), and the task is to exarmow these might need to be extended in
the GIN context.

It is also necessary to examine the contributionothfer key stakeholders — firms and
HEIS/RTOs. Highlights of the discussion are outlitelow. Policymakers are encouraged to
consider whether and how they may support the @Eetoentioned.

13.5.2 Firms

Firms are critical players in practically all inragion processes, and in global innovation
networks (GINs). They are active partners, and éen(not unbiased) source of intelligence
about the evolving ecology of GINs. For that reasmms might be encouraged to share their
experience in open and transparent ways. GINs puse challenges to innovation
management. In particular, they are a challengardagg the skills and capabilities required
to decode whether or not to participate in thend (aow), and to make the most out of them.
For that reason, firms of all types might be fortedadentify and nurture these skills, as well
as to engage in proactive recruitment and trairstrgtegies. This may be particularly
difficult for small and medium-sized enterpriseMEs), and larger firms may play a role,
together with higher education institutions (HEIs)sharing knowledge of good practice and
learning opportunities.

In particular, it was seen as important for firrmddarn to engage in sustainable GINs, where
the risks of network collapse as a result of ondnga pulling out, or as a result of one
partner sucking out the key knowledge, are minichise
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GINs are underpinned by modern information and comipation systems, and there have
been a variety of significant developments in réggrars in terms of providing tools for
design, project management, knowledge managenwlabaoration, crowdsourcing, decision
making, and the like. There are many players activdeveloping such tools, many of them
private sector firms in their own right. Having ass to the tools, and capabilities to use
them, is important for the main players in GIN8More generally, there are tangible assets —
laboratories and other physical facilities — argsl&angible ones — access to local market and
labour market knowledge, capacity to undertakecéffe risk management, etc. — that are
requires in the GIN context. These are things ldrger firms may be able to establish single-
handedly, but often they will benefit from collabton between firms, HEIs and public
authorities in specific localities.

13.5.3 Higher Educational Institutions (HEI) & Researchechnology Organisations (RTO)
There were many ideas about the roles of theselsbéders, and while some of this may
have reflected the fact that many of the workshagigpants came from this sector, it also
derives from the important role of these institntdn the knowledge-driven economy. To
some extent these bodies have been seizing opf@suassociated with the globalisation of
innovation, but it was felt that there was much entitat could be done. As noted at the
outset, more research, leading to a better unahelisig of the GIN phenomena, is essential —
HEIs are places where such research can be coddacté their own strategy should benefit
from the results that are forthcoming.

In general, the message with regard to HEIs and Ris@imilar to that developed for firms
and industrial clusters. This is that enhancingolgals innovation strengths in general will
provide a better base for decisions about participain GIUNs, and for capturing the
benefits of such participation. Universities hakeit role to play, for example, in ensuring
that innovation matters are properly incorporatetb ithe curriculum, and in supporting
training in innovation management and the like, vesl as in encouraging academic
entrepreneurship and enhanced academic-indusk. lin

By engaging in the delivery afew academic courses on GIN managemerfor students at
several levels, from both within and outside Europkls could gain funds, maintain
relevance, and play an important role in facilitgtiand mobilising networks. The courses
could address such problems as the challenges magiray IP, human resources, and cross-
cultural and cross-disciplinary teams. Executivacation, MBAs, and research degrees are
all possible here, often in collaboration with aesas HEIs, corporate sponsors, and alumni
networks. Cross-cultural management was repeatddhtified as an important capacity to
build — one where Europe may be able to draw orstitengths of its population with origins
in other world regions.

Taking part in GINs: HEIs and RTOs can often have roles to play asd&s research in
GINs, as well as in some instances playing “hobester’/neutral roles where there may be
competing interests across industrial partners.véfsities often act as intermediaries or

“Though it was stressed that there are big iss#eg.-different time zones and cultures — that casimaply be
resolved by applying new technology!
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agents by creating a platform to bring togetherousr parties with complimentary ideas and
to enable strong linkages between interested asghons for sharing scarce resources and
knowledge. GINS could be used proactively by EuanpldEls and RTOs to help them better
commercialise the results of their research — agmeént activities may be facilitated
through international linkages, which can also hedfablish new markets for knowledge, for
knowledge generation and reproduction (teachingyiaes, and for the products that result
from this knowledge. This may require investmertbiphysical and virtual facilities to
facilitate technical collaborations and associatedal and educational interactions; some of
this investment may stem from FDI or other indatfunding. At least some regions in
Europe should be able to enhance their attractssefor foreign MNCs’ R&D activities, and
to become indispensable hubs in the GINs. HEISRIhGs can also seek to achieve specific
goals through GINs. For example, they may suppatentry of SMESs in their own regions
into the networks (through training, incubatorgraductions, joint projects); their role as
intermediaries can be substantial.... Or again, thmay work to strengthen indigenous
capacities in BRICS and elsewhere (through collatan with HEIs and RTOs in these
regions, through sharing best practices in the stigusuch as efficient and transparent
research contracts, clinical trials, IP licensidgyelopment of standards, etc).

HEIs are important venues for the development t&frpersonal links and social contacts, and
this role should be encouraged. Such linkages dfiem the underpinning of subsequent

economic and scientific collaboration. In this ligthe high fees charged by many European
HEIs may be acting against some of the GIN potkntlzat exist here. Administrators and

strategists in the sector should take this intcoant Creating opportunities for exchange,
and for students to travel outside the EU will ioportant — as will efforts to ensure that such
activities actually build networks in which the Bpean institutions participate.

13.6 Final comments

The world of global innovation networks (GINS) isnaplex, with different participants, in
different locations, experiencing very differenintends and outcomes from engagement in
these networks. It is evolving rapidly, and thegdarm impacts of the current economic
crisis remain to be seen. While individuals thatehbeen involved in specific activities may
have richly detailed knowledge of the dynamics loé fparticular cases, there is much
uncertainty about the broader contours of the toRether than reiterate the call for more
research into this phenomenon, at this point wéepte stress another issue that was a steady
undercurrent in the workshop.

This is that while we are unclear about many aspeftthe costs and benefits, the risks and
opportunities, associated with GINs, there is msobpe for mutual learning. Policymakers
and stakeholders of all kinds need to look for, baild, occasions when experiences can be
shared, where different attitudes can be expreasddconfronted with the lessons acquired
by those who have participated in such networkinghis way, those who may be able to
join in with, and contribute to the framework camnatis for, GINs can make better informed
choices. Indeed, such occasions may themselvesdreas a form of networking that can
underpin Europe’s fruitful embedding into GINs.this light, it is important to include more
than the usual suspects — the MNCs who are alreaubt active (and most studied) - and
take account of linkages that are forming among SMEiversities, and other such players.
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This workshop could be seen as a small-scale vedisuch an event, and one weighted
more toward the research community than to thatloér practitioners. The liveliness of the
contributions demonstrated the salience and tapicaf the theme; the openness of the
contributors demonstrated the eagerness to leane afmut it. These are good omens for
future building and sharing of knowledge.
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14 CONCLUSIONS AND POLICY IMPLICATIONS

Author:
Susana Borras (Copenhagen Business School, CB&dlkenparticipant no.4)

14.1INTRODUCTION

The previous chapters of this comprehensive rdpare presented the most significant findings and
evidence collected over the course of the INGINEtdSearch project. The objective of this
research project was to determine the extent tachwlduropean firms are involved in global
innovation networks (GINs), and consider the effeat this in a wider sense. Many European
firms, particularly large multinationals, have eggd with and created GINs. However, the extent
to which the existing anecdotal evidence is wideagrpraxis is still unclear. With this purpose in
mind, the main research questions of INGINEUS wevbat are global innovation networks and
why are they created?; How are European firms gdlgeperforming in terms of creating and
participating in these global networks?; Is Eurapegmportant node within those networks in terms
of knowledge competences and knowledge sources\drat can European policy makers do in
terms of reaping the benefits and reducing themialecosts and risks associated with the current
trends towards global innovation networks?

The methodological framework of INGINEUS was basedthe collection of three different but
interrelated sets of data. The first data set caaprdescriptive statistics from different sources,
with a special focus on R&D outward and inward stweents to and from Europe. Second is a set
of qualitative data derived from original case s#gdbased on in-depth desktop analysis combined
with interviews with the relevant firms. Finallyhd third data set is quantitative data collected
through a specifically designed survey that ingegés the patterns of GINs. The methodological
considerations regarding the overall INGINEUS degm be found in chapters 2 (Borrds and
Lorentzen 2011) and 3 (Barnard and Chaminade 26flth)is comprehensive research report, and
in other relevant deliverables of the INGINEUS puatj

This concluding chapter focuses on the policy icgilons for European and emerging market
policy-makers that might be suggested on the hafstbe findings of the INGINEUS project. In
order to address this, and make sense of the éangeint of findings from INGINEUS project, this
chapter takes the following three steps.

Firstly, the general policy implications relatedttee gradual emerging phenomenon of GINs are
addressed. These general policy implications wagatified in the course of the foresight exercise
organized in the last months of the INGINEUS prgjé@t which top civil servants, policy-makers
and stakeholders from European governments, engeegionomies and the European Commission
participated.
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Secondly, this chapter looks specifically at thedpean policy implications (both for the EU and
national governments), drawing from the INGINEUSrvey's findings on European firms’

perceptions about the challenges and barriers #reounter when engaging in GINs. The
INGINEUS survey findings offer a unique insightariEuropean firms’ explicit and direct views on
this matter. This data is of paramount importandeenv thinking about policy implications

specifically geared to ease the problems for Elangiems that engage in GINs.

Thirdly, this chapter examines the policy implicais for emerging economies, as the policy-related
issues are related to competence building and dewednt in a different way than in Europe. The

findings of INGINEUS on how GINs affect innovati@amd economic dynamics in those countries
provide the building blocks of this specific pafttioe chapter.

Finally, the concluding section will summarize ttesults of this chapter and offer some general
remarks that will put all this into a broader padjpre, namely the challenges of globalization and
the deep financial and economic crisis in Europe.

Hence, this chapter addresses the following:

. General policy implications regarding GINs
. Policy implications for Europe
. Policy implications for emerging economies

14.2GENERAL POLICY IMPLICATIONS

What are the general policy implications of the INGUS project? The foresight exercise
organized by the INGINEUS project in September 20fhar the end of the INGINEUS project’s
lifespan, brought together key policy-makers aradamic experts from the EU and national levels
in a two day session. The participants of the igrgsexercise discussed the findings of
INGINEUS, paying particular attention to the poliggplications in a future context. The
participants took part in a series of sessions Imckv they brainstormed on a series of policy
implications. These brainstorming sessions lefargd number of (not always entirely coherent)
lines of possible policy action. This material Heeen further elaborated within the work package
10 of the INGINEUS project, in terms of identifyinthe general guidelines for policy
recommendations that are most suitable from a wlangerpretation of the evidence provided by
the project. In other words, not all the ideas ttate out of the foresight exercise have been
slavishly taken into consideration, as some of thegre open-ended ideas and some contradicted
other ideas. Hence, the INGINEUS team made an tefforsystematize and organize those
suggestions, and in so doing, gave priority togyotecommendations that are both consistent with
the findings of our research and are coherent wdbh other. With this purpose in mind, the
objective of this chapter is to provide a useful gepolicy recommendations. On this basis, we
formulated the following six general policy impltaans.

Firstly, the evidence of INGINEUS shows that GINg atill not a widespread phenomenon, but
rather an emerging one. As demonstrated by theepe@lin this comprehensive report, particularly
in chapter 3 (Barnard and Chaminade 2011), theabshare of firms in our survey with high levels

of globalness, innovativeness and networkednesa fact, quite small. This means that there are
few global innovation networks of high intensitya tontrast, there seem to be many global
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innovation networks of low-medium intensity. In faaround 50% of our respondent firms indicate
some degree of these three variables (‘globalrnfes$iwvorkness’ ‘innovativeness’). This implies
that there is a cautious implication for policy-reek namely that so far there seems to be little
reason to create policy interventions that direatlgress GINs. The trends towards GINs are still in
an emerging stage; their limited nature meansttiexe are no identifiable problems that require
direct policy action. Hence, it calls for policy-keas to be extremely careful and avoid engaging in
public action directed toward GINs in the abserfoeal problems. To quote the popular saying: “if
it ain’t broke, don't fix it”. Time will reveal whiler the trends we have found, in terms of gradual
emergence of GINs, become consolidated and expandetthat future situation, direct policy
intervention towards GINs might be relevant if c@te problems are identified. Therefore, since
GINs are still a limited phenomenon, policy-makengght consider policy actions of a more
indirect nature, creating policy actions that addrhe more general context in which GINs operate,
as opposed to policy actions that are explicithgclied towards GINs themselves.

The second general policy implication of the INGIME findings is that any policy action that
addresses issues towards firms’ GINs must takedobsideration the knowledge base upon which
GINs are based. As the previous chapters of thispecehensive research report have shown, the
dynamics and reach of GINs based on ‘home-augngnkimowledge are different from those
GINs based on ‘home-exploiting’ knowledge (Kuemraetb99). ‘Home-augmenting’ knowledge
refers largely to knowledge of analytical naturesti@im, Ebersberger et al. 2010) which is more on
the “R” side of the R&D acronym; it is cutting-edgew knowledge. By contrast ‘home-exploiting’
knowledge is synthetic in the sense that combinxesieg knowledge in new ways, and hence is
more on the “D” of development side, exploiting &g knowledge to develop new products or
processes that fit into specific needs. The findiofjINGINEUS (chapter 6 of this report) indicate
that innovation networks based on home-augmentimayviedge tend to be more globalized and
have a more positive impact on the national system those based on home-exploiting knowledge
(Borras and Haakonsson 2011). From a policy agiemspective this is an important aspect to take
into consideration in any measure affecting thedd@ns in which GINs operate, as policy-makers
need to understand the specific dynamics of theseanks.

Thirdly, and related to the above, the INGINEUSdiigs tend to underline the importance of
continuous support of the knowledge base and cdgpbwilding at national level. Extensive
research prior to the INGINEUS project showed thatstronger the knowledge base of a firm is,
the greater its chance of innovative success gmulrtg successfully into other external sources of
knowledge (Laursen and Salter 2006). This feedsthn findings of the INGINEUS project, which
indicate that European firms’ and universities'tggpation in GINs is largely associated with the
pre-existing knowledge capacities of these firmd aniversities. In other words, the increasing
globalization of innovation, and the gradual emaogeof GINS, requires a continuous effort on the
part of policy-makers to maintain and build knovgedcapabilities in their firms and universities.

Fourthly, the role of small and medium enterprié@BMESs) in GINs might merit some attention
from policy-makers. SMEs are typically more locadiyd regionally anchored than large firms. For
this reason, SMEs can work as an important linchqgtween the emerging GINs and the local
dimension of innovation. GINs can also be seensecand stage of innovation networks’ historical
evolution: they are first anchored regionally/asrdsurope, and in a later stage they become
engaged globally. Policy-makers must be aware @fctintext in which SMEs are embedded, and
facilitate the way in which SMEs could play a mawtive role in linking local-regional innovation
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networks to global networks. More precisely, thiggim require policy-makers in Europe to
encourage the entrepreneurship of so-called ‘bdobatj small firms’, namely SMEs that are
globally oriented from their very origin, throughcubators and other local-based /university-based
relations.

Fifthly, many national and regional governmentsoasrEurope have defined internationalization
strategies of their research and innovation a@mitQuite often those strategies put emphasis on
attracting inward research-oriented foreign diréetestment (FDI), and on improving the
knowledge aspects of export products for expantiit@ynew foreign markets. These are obviously
very valid goals from a national point of view. Tfiedings of the INGINEUS project tell us that
the network-based interactions in innovation areob@ng increasingly globalized, and that
internationalization or globalization is occurringrough bi-directional dynamics (inward and
outward dynamics from the national system). Thighhirequire policy-makers in Europe (local,
national and EU levels) to re-examine the inteowatlization strategies of their research and
innovation policies, in order to bring in this ‘mairk’ approach which takes into consideration the
mutual benefits of cross-national and global nekwoteractions.

Last but not least, the case studies of the INGINEbject in the industrial sectors of automotive,
ICT and agro-food, tend to show that the managerE@INs is not easy or without problems.
European policy-makers must consider the posgibibf supporting the development of
management techniques in European firms for a tbettanagement of complex innovation
networks, particularly GINs. This might include iaasing the supply of international business
management courses and improving the cultural déioes in business education. Likewise,
support for the development of ICT platforms forlio@ meetings or managerial aspects of
geographically distributed innovative activitiesgiii also need some policy attention.

14.3SPECIFIC POLICY IMPLICATIONS FOR EUROPE: OVERCOMING
INSTITUTIONAL BARRIERS

During the past decade, Europe has become an shitgyalestination for R&D-based FDI. The

figure below compares the amount of inward R&D RDIEurope and in the major emerging

economies in the world. Overall, figure 1 indicatéesimportant trend towards the globalization of
science, technology and innovation (STI), partidylprevious to the financial and economic crises
of 2008. The figure also tells us that the EU amnds to be an attractive location for R&D FDI.
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Figure 1: FDI in R&D by destination country, capital investme
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(Borras and Haakonsson 2010)
Source Financial Times FDI intelligence 2009

* EU + Norway data is the aggregated incoming itwesits from all countries, including intra-EU
investments. According to the OECD intra-Europea@stments account for approximately between 95-
98% of total (OECD 2010).

** INGINEUS countries in Europe: Denmark, Norwayy&len, Estonia, UK, Italy and Germany.
Aggregated data, see above.

The other aspect of relevance here is the outwdeddf these dynamics. Therefore, it is important
to analyse the reasons why European firms takeip@iNs. This is still largely unknown in the
literature; what are the driving factors behindi® engagement in GINs?

The INGINEUS survey put this question to almost Ei@opean firms: Which regional factors in
the host region/ regions to which you moved wegitant in your company’s decision to offshore
production and/or R&D and innovation activiti€sAs figure 2 shows, most firms indicated the
reason of Availability of human capital for innovatiGnand to a lesser extenAvailability of
special know-hoivand ‘Access to knowledge infrastructure & servic#sis important to note that
these three factors share an important ‘knowledfgghent. Therefore, our findings point to the fact
that ‘knowledge capabilities’ are factors with telaly higher importance for firms rather than
strictly market-related factors (likétcess to new markétsr follow clients’ off-shoring) (Borras
and Haakonsson 2010).
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Figure 2: European firms’ reasons for taking part in GINs.
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(Borras and Haakonsson 2010)
Source INGINEUS survey, N=76

These findings seem to confirm the widespread aggamthat the main driver for globalization of
R&D activities and innovation is largely associateih the access to appropriate and advanced
forms of knowledge production. Tapping into compéetary knowledge sources in the form of
human resources, infrastructure or services thatatside the national boundaries seem to be a
major reason. These are interesting results, bué nimormation about why and how this happens
is needed. According to aggregated data, muchisfptlenomenon happens within the same firm
(multinationals intra-firm cross-border R&D investnts) or within pre-existing linkages with
‘foreign affiliates’ (foreign companies whose admstration is under control of the R&D investing
firm) (OECD 2008). Combining our survey resultswihese aggregated data would suggest that
what we are witnessing is a process not only opitap existing knowledge resources in a
decentralized way within pre-existing networks, lalgo that there is a genuine decentralized
creation of new knowledge largely embedded in dpetbcal contexts (Chaminade and Vang
2008). Locational factors seem to be visible inraggted terms as well, as patent data show a high
degree of intra-country concentration in a few sabional regions that are internationalized,
measured by the number of patents with co-inventocated abroad (OECD 2009). Another
important finding is that proximity to clients angarkets is an important reason to engage in GINSs,
though less so than is access to knowledge. Thasniiy has been confirmed by qualitative case
studies in the INGINEUS project.

When asked about their own experiences during #s¢ fhree years regarding the policy-related
factors in the internationalization of their inntiea activities, our sample of European firms were
generally positive. In figure 3, most of the fastgcore above the 2.5 threshold on a scale fram 1 t
4. This means that European firms have a mediuel |gasitive view on the policy-related factors
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in relation to their internationalization of inndiam. In particular, the three factors that weresimo
positive for firms’ internationalization of innovah activities are: 1) the availability of relevant
labour force training and skills; 2) the internatib exposure and contacts of universities, public
research and administrative structure; and 3) trelability of public incentives and economic
support. It is interesting to note that the intéioraal exposure of research institutions like
universities plays an important positive role (cated in chapter 1 of this report) (Borrds and
Lorentzen 2011). This might suggest that, in mamgumstances, there is a positive relation
between the local networks of innovators and therirationalization of firms’ innovative activities.
These findings seem to indicate that the impadBids in European innovation systems is more
positive than hitherto assumed, contravening uagwusd political concerns about the ‘hollowing
out’ of innovation systems in Europe. In fact, thasirvey findings seem to support the hypothesis
that GINs might have a mutual ‘mobilization effecf local and national networks in terms of
knowledge sources and national networks’ own iratonalization (Borras and Haakonsson 2011).

Figure 3: Policy-related factors in the internationalizatiohinnovation activitieduring the past 3 years
(European firms)

The availability of risk capital for innovation activities
with an international dimension

The regulations, practice and jurisprudence around
intellectual property rights

The rules and practice regarding foreign direct
investmentand trade policy

Practical supportfrom centres for the
internationalisation ofinnovation and technology...

The corporate governance environment (rules
concerning firm ownership, shareholder’s rights, etc.)

The rules and practice regarding migration policy
regulations for employing foreign...

Publicincentives and economic support

The international exposure and contacts of universities,
publicresearch and administrative structures

Relevantlabourforce training and skills

2 21 2,2 2,3 2,4 2,5 2,6 2,7 2,8 2,9 3

(Borras and Haakonsson 2011)
Source: INGINEUS survey

Legend: Average responses of the following scatehighly negative factor; 4= highly positive factor
N=495. All respondents are European companies.

In contrast, the three factors that have been megative are: 1) the availability of risk capitat f
innovation activities with an international dimems;j 2) the regulations, practice and jurisprudence
around intellectual property rights; and 3) theesuhnd practice regarding FDI and trade policy.

It is not at all surprising that our respondentspto the limited availability of risk capital diag
recent years. Apart from the current problems aasat with the economic and financial crisis,
Europe suffers from a more structural problem dwehie relative scarcity of venture capital
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(Mohnen, Palm et al. 2008). In a context where wation processes are becoming more
international, venture capital seems to play anoitgmt role (Saxenian and Sabel 2008). Our
respondents also indicated that regulatory issikesitellectual property rights and trade-related
regulations are problematic in their eyes. The dewity of these regulations requires a detailed
and careful analysis that is beyond the scope®iNGINEUS project. Intellectual property rights
protect different aspects of innovation (industdakign, trademarks, patents, copyrights, etd.), al
of them in different regulatory sets at severalisgictional levels (national, European and
international). Yet, it is worth noting that in Eyoe the least complete and integrated regulatdry se
of intellectual property rights (IPR) is precisahe one legal figure that has most importance for
innovation, namely patents.

The INGINEUS survey poses another question abolityprelated factors. European firms were
asked about their views on the future. Specificaty question in the survey read€ohsidering
your future innovation activities, please assegsrbed for improving the following facttr3he
findings are shown in figure 4 below.

Figure 4: Firms’ needs for policy-related factors in relattortheir future innovation activities

Highcr skills in the labour force

IMore public incentives and economic support

Greater availability of risk capital for innovation
activities with an international dimension

Practical support from centres for the
internationalisation of innovation and technology . ..

Better and clearer rules regarding foreign direct
investment and trade

Better access to international research network

IVlore stringent regulations, practice and jurisprudence
around intellectual property rights

More open and flexible migration policy regulations
for employing forcign scicntists/technicians/experts

2 2,1 2,2 2,3 2,4 2,5 2,6 2,7 2,8 2,9 3

(Borras and Haakonsson 2011)
Source: INGINEUS survey

Legend: Average responses of the following scatehifihly negative; 4= highly positive; N=495. All
respondents are European companies.

Figure 4 provides very relevant results. Firstlbfjast as in the previous figure, most of thetfas
score just above the 2.5 threshold, indicating tfwahs have a medium level of positive
expectations for policy needs in the future. Kvisrth highlighting the fact that the factors that a
most positive or negative in the past and futueedaiferent. From the point of view of their needs
for the future, it seems that European firms wdikd to have more open and flexible migration
regulations for employing foreign scientists anchtacians, as well as more stringent regulations,
practice and jurisprudence around intellectual proprights. Other policy-relatedareas for future
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improvement include better access to internatioesg¢arch networks, and better and clearer rules
for FDI and trade.

All in all, the INGINEUS survey revealed that Euegm firms encounter low-medium levels of
barriers when collaborating with other firms or angzations from abroad. In general this is good
news, as the current level of barriers is not highms also pointed out at some current and future
policy needs, though they indicated only a mediexrel of ‘need’. On this basis we might identify
four policy implications for Europe.

First, and perhaps most importantly, there is adnfee policy-makers to focus their efforts on
making Europe a hub for GINs. Policy-makers neefbster a view of Europe as an innovation
centre with constant movement inward and outwather than as a magnetic pole only attracting
talent. This is so because the globalization obuation is taking place through very dynamic
networks that aim at tapping into knowledge resesii@and market opportunities in mature and new
markets, and therefore there is a need to accepbitidirectionality of these activities. These
dynamics require a policy approach that praiseofieness of research and innovation activities
as virtually the only possible way to keep aheadpidly changing scientific and knowledge-based
environments, as well as market developments. Viaws of Europe as a hub is particularly
important in times of economic and financial crisihen scarce public and private resources might
tend to foster attitudes of protectionism and otasm. Such a view would have pernicious
effects on Europe’s ability to stay ahead of rapitbvative developments taking place everywhere
in the advanced capitalist and in the emerging ecoes.

Second, Europe must make an effort to strengtisdmivwledge-intensive competences. The recent
proposal of the European Commission of the HoriZ820 programme (December 2011),
suggesting a bolder and larger investment in rekeand innovation in Europe, is a step into the
right direction. However, in view of the substahtietrenchment of public budgets at the national
and regional levels in Europe, policy-makers at lallels must make sure that there is an
appropriate level of public investment in the prattibn and dissemination of knowledge. A lack of
adequate levels and forms of advanced knowleddeumope will hinder the hopes for economic
growth and recovery in Europe, particularly sinoenpeting on labour costs is no longer an option
in a globalized economy. Besides, reducing knowdetgmpetences in Europe will force European
firms to seek that knowledge abroad in a much gegoway we are seeing today, hence potentially
undermining the idea of Europe becoming a hub forovation. Strengthening the knowledge
competences in Europe is one important aspect ¢od av potentially negative scenario in the
medium-term.

Third, openness and flexibility of migration pobsi and creating a true European labour market
might be necessary. During the past decade, finnssiine European countries (Germany, Denmark,
Sweden, etc.) have consistently complained abaaitstiortages of specialized and knowledge-
intensive labour skills in some specific technieaéas (engineers, biotechnitians, etc.). This is
associated with the problem of young Europeansllergdess and less in scientific and technical
education programs. The current economic crisish Wigh labour unemployment, might have
levelled this down a bit (lower job demand fromfg and higher enrolment in technical education
programs). However, there still seems to be a gaywden European firms’ skills needs and labour
force availability in some specific segments of leour market of highly advanced skills. While
this continues to be the case, and Europe is urtabjgoduce the necessary specialized skills,
developing more flexible migration policies for hlg skilled workers at the national level and
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fostering a true European free labour market aEilm®pean level, are important areas of action. In
fact, our European firm respondents made referémdhis matter in their opinions regarding the
future needs of public policy action, in spite loé tcrisis.

Fourth, the survey above indicates with all clarihe need to focus on the regulation and
enforcement of intellectual property rights. Altlghuthe question in the survey did not specify
where (in Europe or elsewhere), it is importandte here that the network dynamics of producing
and sharing knowledge puts considerable stressraisfefforts to protect their knowledge. Fruitful
knowledge collaboration in networks takes placetloa basis of contractual agreements that
determine the mutual obligations and responsiedifor the use of existing and future knowledge.
Partners pool their resources only once they hafi@et the terms of the future accessibility and
rights over the new knowledge. For that reasonagheeliable and accessible intellectual property
rights and their legal enforcement, is of paramoumportance in this collaborative knowledge
production - more so when those networks have bafjloature and several jurisdictional matters
regarding national idiosyncrasies in IPR regimeghhibe a complex matter. Policy-makers in
Europe have struggled with this in recent yeatengtting to create a single regulatory framework
for IPR in the EU context, particularly the Commynpatent (a single patent right valid in all
EU27). These efforts are important, and are all ii@e relevant as the scope of innovation
networks becomes more international and global.

Last but not least, the issue of venture capitalilalility is an important policy implication for
European policy-makers. In continuation with themaeks above about the importance of SMEs in
GINs, many ‘born global’ firms operate in highlyegpalized market niches in the global context
and engage in GINs at an early stage. They neegsfito appropriate venture capital that values
this global dimension of their operations, but weatcapital has traditionally been a weak point in
Europe when compared to the USA. The ‘credit crunthhe financial and economic crisis since
2007 has made this even more acute. However, ibfgeuis to recover from this crisis by
strengthening its competitive position in knowledgensive industrial segments with highly
globalized innovation networks, then risk-willingapital is needed. The problem is that the
uncertain financial context in which Europe fintlself at the moment does not foster risk-willing
investment attitudes; on the contrary, small firamal high-tech start-ups are today facing their
hardest times to get access to capital. Yet, tle#sds an opportunity like no other to create new
types of business and engage in path-breaking edonactivities, here focusing on the rapidly
growing emerging markets.

14 4SPECIFIC POLICY IMPLICATIONS FOR EMERGING ECONOMIES

The INGINEUS project has generated a considerabimuat of evidence regarding the
organization and dynamics of GINs involving northgin this case European) and southern
partners (in our case the emerging economies). NEGIS has focused on the following countries:
Brazil, India, China and South Africa (BICS). Thmject's evidence brings forward some policy
implications that are specific for emerging econgsniWhen considered together, a series of four
specific policy implications seem to be relevant.

Firstly, many of our case studies highlight the amiance of intellectual property rights. Whereas in
Europe the problem is the high costs and multiplesglictions of patent regulations (in spite of
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effort towards legal harmonization in the contekibne single European market), the problem in
emerging economies is primarily an issue of coheitegal framework and its actual legal
enforcement as shown in chapter 13 of this reg@oin{une, Prarolo et al. 2011). Naturally, there
are no easy or ready-made solutions for that, esetlare complex problems. Nevertheless, policy-
makers in the emerging markets must be aware tmatlégal uncertainty associated with
unclear/broad IPR regulations and poor legal eefoent are a real obstacle for European firms to
increase their investments in innovation activitiesre including collaborative network-based
activities.

Secondly, building and expanding knowledge capdslis of paramount importance for the BICS
countries. BICS must consider expanding these resswand capabilities in view of becoming an
attractive partner in the high end of knowledgeegation, and not just being the ‘sweat floor’ and
assembling line of outsourced production as shawchiapter 11 of this report (Lorentzen and
Gastrow 2011). Furthermore, we know that investmeritnowledge and education is a crucial
factor in catch-up processes (Fagerberg and God2@0&). This is, of course, easier said than
done, as investment in education and knowledgesinte training and skills cannot be done
overnight; it takes a considerable amount of tinNonetheless, the BICS countries are
industrialized countries and have substantial kedgé resources already. Therefore, they are in a
position to create world-class universities andeaesh centres in some specific knowledge
segments that are related to their production stres. Such efforts would not only foster the
overall knowledge capacity in their regional andioral context, but would position them as nodal
points in the future, particularly if the emergitignds towards GINs expand in number and scope.
We know from the INGINEUS project that access towledge is a crucial factor for European
firms to engage in GINs.

Thirdly, some researchers have pointed out posqlbelems of ‘crowding out effects’ of the
labour market of emerging economies as shown iptelng 9 and 10 in this report. FDI in R&D
activities has created a high demand of specitibriieal skills in some regional contexts, like, for
example, in India, as this comprehensive report stesvn. Whereas Indian firms in the ICT
industry have upgraded their knowledge-intensiveiviies over time (Parthasarathy and
Ranganathan 2011), they have also created a ragidlying demand of labour skKills. It is still
unclear whether this has had a negative effechemdst of the local labour market, crowding it,out
however it is important to note that temporary gapshe demand of labour might generate
problems for existing local industry (Joseph andahlam 2011). Policy-makers in the emerging
countries must be aware of this possible problerd,raonitor it closely. If tensions emerge in this
direction, policy-makers could foster framework diions that create a sustained level of adequate
knowledge-intensive human resources.

Last but not least, some of the issues identifigdMGINEUS indicate that a certain level of
hierarchical relations continues to exist in somB<5 These hierarchical relations put pressure on
the autonomy of suppliers, customers and univesgiesearch centres involved in GINs, as the
strongest knowledge competences are still locat¢ke European multinational firms - as shown in
chapter 12 of this report (Albuquerque, Kruss et24l11). For that reason, policy-makers in
emerging economies must promote policies that airanchor external knowledge sources in the
local context. In other words, policy-makers fromexging economies might focus on how their
local economies and local knowledge organizaticas loenefit from the knowledge that comes
with the GINs. Other than making them less dependerhierarchical structures, this might help
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expanding knowledge capacity building in less depetl areas. Yet, this ‘anchoring’ is perhaps
easier to promote in local contexts with ‘thick tingions’ (as indicated in chapter 4 of this
comprehensive report) (Chaminade 2011), as theg Ameady good knowledge basis organizations
to link with.

14.5CONCLUSIONS AND PERSPECTIVE

This report has underlined the gradual and emerngimanomenon of GINs. A careful word on this
is in order. GINs, in their highest intensity, a#@l a limited phenomenon. However, the low-
medium level of networking, innovativeness and globss seems to be widespread (almost half of
our sample), and this might indicate that in thentm years there will be a gradual trend towards
more GINs. This, however, will largely depend omhihe economic and financial crisis in Europe
evolves. If Europe falls deeper into recession eo@homic downturn, these trends might stop or
even reverse. Likewise, deep economic crises hkeohe we are experiencing in Europe offer the
social conditions to generate path-breaking dynaniids too early to draw definitive conclusions,
as the crisis is perhaps showing its worst houdsuentertainty about the future of Europe has never
been higher. Yet the INGINEUS project has showrt thaing the past decade or so there have
been some exciting new dynamics as European fimasingreasingly linking with partners in
emerging economies when developing new knowledgiel¢ts them access new markets.

The general policy implications are that there asneed for direct policy actions towards GINs;

policy-makers must be aware of the differencesmigg the knowledge base of GINs; there is a
need to strengthen knowledge capacities in innonaystems; policy-makers must support SMES’
global innovative networking; policies for the imationalization of R&D must take a network

approach; and, last but not least, policy-makerstnconsider the need to improve international
business management skills & ICT tools.

Why are these issues relevant? Governments in EBuesp today facing one of the largest
challenges ever; coping with the problems assatmith loss of competitiveness and productivity
levels in a context of deep economic and financi&is. GINs in highly knowledge-intensive
segments offer opportunities for European firmsatcess new knowledge sources and markets,
while developing competences in niche markets witiobal reach. In other words, the possibility
to stay ahead of the intensified competition byitpmsng themselves as world leaders in specific
high-tech and advanced knowledge market nichessGihé mechanisms developed by firms in
Europe to achieve this, and hence constitute ameasting yet emerging phenomenon that is worth
monitoring and investigating further in future.
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