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Abstract

Despite continued and widespread attention to R&D globalization, both within
academic studies and policy reports, micro-level measurement and monitoring
still lacks robust quantitative indicators. This paper introduces a measurement
methodology with regard to the internationalization of public-private research
cooperation, which is believed to be a key element in creating and fostering
innovative knowledge-intensive business sectors. University-industry co-authored
research publications constitute one of the key sources to assess and measure
organizational, geographical and temporal features of cross-sectoral cooperation.

The descriptive analysis presents country-level comparative measurements of
globalization patterns in recent years. An illustrative case study deals with the
multinational company Boehringer Ingelheim, one of the world’s major research-
active pharmaceuticals companies, which collaborates with a range of universities
worldwide including several South African ones. Overall, the findings reveal macro
and micro level impacts of R&D globalization on academic research collaboration

portfolio’s.
Keywords

Research collaboration; internationalization; multinational companies; South

Africa; statistics; knowledge flows
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1 Introduction

Economic globalization is more than movements of people, money, services
and goods. It is also about the flow of ideas and information (Storper, 2000). As
global competition for new ideas and innovative technologies seems to be
intensifying, the necessary knowledge and resources needed to conduct cutting-
edge R&D are gathered from an increasingly wider range of suppliers. Over the
last two decades R&D-intensive firms are looking more to universities for solving
fundamental problems and producing science-based technologies to fill their
corporate innovation pipelines. Many large R&D-intensive enterprises are now for
economic reasons increasingly inclined to outsource their basic science to, or
establishing close collaborative ties with, universities and government research
institutes wherever they can find the best suitable provider (Brostrém, 2010).
This is especially true in the advanced nations with well-developed research and
innovation systems.

Most of the academic studies on research collaboration focus on formal
relationships at the organizational level, such as the occurrence of joint labs,
contract research, university spin-off companies (Audretsch et al., 2010). These
relationships are visible and relatively easy to identify, classify and measure.
However, a large slice of industry-science interactions and relationships take
place through informal and indirect channels, or through unrecorded,
‘confidential’ direct channels (OECD, 2002). These hidden linkages often relate to
intangible processes and relationships between individuals that tend to attract
much less attention.

Geographical and economic factors exert a significant impact on these
processes. Despite the magnitude of the corporate R&D expenditure and on-
going economic globalization processes, the internationalization of corporate
science is largely uncharted territory in terms of comparative R&D statistics, both
at the macro level and company level (Tijssen, 2009).! Internationalization is
often examined and monitored by measuring R&D expenditures in home countries
and host countries. The conventional economic frameworks that are applied by
R&D analysts, such as the OECD, include several proxies of science-related flows
between the public sector and private sector (OECD, 2002):

e Capital (research income, contract research funds, equipment and facilities;

commercialization of research-generated intellectual property);

' The term ‘internationalization’ is understood as reflecting “the systematic geographical expansion of

the corporate research base in terms of in-house research, the location of external research partners,
or composition of research networks”. The term ‘globalization” denotes an advanced stage of
internationalization where a company’s R&D sites and partners are dispersed across several continents
(cf. Tijssen, 2009).
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e Human resources and tacit knowledge (business sector employment of PhD
graduates, R&D staff, engineers and technicians);

e Codified knowledge (access to research-based documents).

Unfortunately, these traditional R&D-expenditure statistics are less appropriate to
help determine and measure the globalization of corporate research and its
collaborations with the public sector. Data on corporate research expenditures is
not (fully) specified in company accounts, let alone at the level of (foreign)
affiliates and subsidiaries. Using publicly accessible sources of corporate
information (announcements, annual reports, accounts and financial statements,
or websites of companies) provides at best a crude insight into corporate research
activities. Not surprisingly, OECD’s current list of globalization indicators does not
include research-based public-private cooperation (PPC) between companies and
public sector institutions (OECD, 2005; 2010).2

The only information source in the public domain offering valuable systematic
data are research articles published in the open scientific literature. Data mining
these publications provides valuable detailed information on the distributional
characteristics of research globalization, at a level of detail hidden beneath the
macro level surface of national R&D statistics.

The remainder of this paper is structured as follows: section 2 introduces a
general theoretical framework that summarizes three decades of academic
studies on public-private research cooperation. Section 3 highlights the research
methodology and data source to produce novel indicators and statistics. Section 4
introduces PPC measurements at the macro level of countries as well as a cross-
validation study for the PPC indicator. Section 5 describes a micro-level case
study of Boehringer Ingelheim’s globalized network of research partnerships and
linkages, which include South African universities. Concluding remarks on the

methodology are collected in section 6.
2 Theoretical and conceptual framework
2.1 Innovation and R&D cooperation
Markets force companies to develop innovative products and services faster

than ever. Companies are increasingly opening their innovation processes and

collaborating on innovation with external partners (suppliers, customers,

2 The list of OECD indicators on international co-operation in science, technology and innovation
includes patents, co-authorship of scientific publications and formal co-operation arrangements. An
alternative source of statistical information on globalization processes worldwide - the KOF index
(http://globalization.kof.ethz.ch/) provides no information on science, technology or innovation.

Paper to be presented at the MEIDE 2012 Conf. (Cape Town, South Africa) 3



universities, etc.) and ‘open innovation’ platforms (e.g. Chesborough, 2003),
providing mechanisms by which corporations can pool R&D talent and capacity to
seek rapid innovation solutions to their R&D problems and questions. Only
through cooperation can innovative technology companies gain full access,
through the international exchange of new knowledge and ideas, to all relevant
science outside the company. Such distributed models also mark a next step
within corporate strategies to (co)operate more flexibly within globalizing R&D
and innovation environments.

Many R&D-intensive business companies are increasingly utilizing science-
based resources to support their in-house R&D efforts and technological
innovations. As global competition intensifies and innovation becomes riskier and
more costly, the business sector has been internationalizing knowledge-intensive
corporate functions including R&D. Networks of knowledge are increasingly
important agents of change within these evolving science-innovation ecologies
(e.g. Ramlogan et al., 2007). The development and maintenance of a high-quality
corporate R&D base, with sufficient levels of absorptive capacity, requires the
active engagement of R&D staff who are aware of, and actively participate in,
international frontiers of scientific and engineering research.

University-industry R&D linkages and cooperation have attracted considerable
interest in academic studies over the last three decades, either within the
framework of national innovation systems (e.g. Link, 1999; Mowery and Sampat,
2005), technology transfer and commercialization (e.g. Adams et al., 2001), or
the internationalization of corporate R&D (e.g. Audretsch, and Feldman, 1996).
These studies have identified two main motivations among companies for
engaging in industry-university research cooperation relationships: access to key
research staff and access to complementary research activity and relevant
results. The large research-intensive universities offer unique assets and
economics of scope and specialization that can induce the kind of agglomeration
effects to within national or regional research and higher education systems that
attracts foreign R&D partners and positively influence location decisions of firms
(e.g. Mansfield, 1995; Mansfield and Lee, 1996; Audretsch and Feldman, 1996;
Audretsch and Stephan, 1996; Thursby and Thursby, 2006a). Academic research
provides firms with promising new areas of applied R&D, they avoid wasteful
experimentation, and an understanding of novel directions on inventions and
technological innovations (Rosenberg, 1990; Fleming and Sorensen, 2004). The
literature review by Cohen et al. (1997) indicates that university research
augments the capacity of businesses to solve complex problems and enhances

R&D productivity, patenting activity and firms’ sales.
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University motivations to engage in applied commercial research and research
partnerships with industry are also divers (Cohen et al., 2002; D’Este and Patel,
2007; Fontana et al., 2006; Meyer-Kramer and Schmoch, 1998); partially
because the academics perceive opportunities for furthering their research
interests and (monetary) rewards, partially because of administration-based
financial pressures on faculty. Case studies of individual universities indicate that
joint research is among the most frequently mentioned modes of interaction and
knowledge transfer, but other linkages such as consultancy are also very relevant
(e.g. Martinelli et al., 2008). Nonetheless, collaborative research is often just one
of many ways to interact and liaise with corporate partners (Bekkers and Bodas-
Freitas, 2008).

Empirical studies indicate that most industry-university collaborations involve
the larger R&D-dependent firms of over 500 employees (e.g. Hanel and St-Pierre,
2006), that operate R&D units and laboratories to absorb and utilize the research-
related inputs from academia. OECD statistics reveal that the large innovating
companies (more than 250 employees) are still much more likely to collaborate
with universities than SMEs (OECD, 2007). These statistics also exhibit a wide
variation in share of those large companies active in collaboration, ranging from
50% in Finland (Nokia) to a mere 5% in Australia, owing to the presence of these

R&D-intensive and science-dependent companies within a country.

2.2 Geographical proximity and globalization

Some say that geographical proximity is also often no longer the main criterion
for selecting a suitable research partners; because of ‘value for money’ high-tech
businesses are now more inclined to cooperate with the most appropriate or best-
performing universities regardless of their physical location. A multitude of case
studies of public-private research cooperation have examined these trends and
the role of (close) proximity, and associated knowledge spillover effects (Arundel
and Geuna, 2004; Tijssen, 2004a; Tijssen, 2009; Ponds et al., 2010). The
findings strongly suggest that physical proximity is indeed becoming increasingly
irrelevant in contemporary R&D. This assertion is recently confirmed by results
from a macro-level study, which shows that the maximum distance between
research partners in general has increased fivefold since 1980 to more than 1500
kilometers in 2009 (Van Eck et al., 2011).

However, spatial proximity between partners, and their geographical location,
will remain key determinants in the years to come, which may seem surprising in

a world that is increasingly relying upon electronic communications, perhaps even
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paradoxical at first glance. The propensity to collaborate with foreign corporate
partners, and the chances of success, still heavily depends on the right R&D
framework conditions, notably research capabilities and pivotal positions in global
R&D networks (e.g. Gertler and Levitte, 2005). Empirical studies show that
spatial proximity is relevant to the R&D performance of science-based high-tech
firms (e.g. Cohen et al., 2002; Katz, 1994; Mansfield, 1995). The transfer of
contextual and embodied ‘tacit’ knowledge and skills is still best done via face-to-
face interaction and through frequent contact (e.g. Von Hipple, 1994). Moreover,
international partnerships are more difficult to manage and more costly. For these
reasons, as well as historical developments leading to personal relationships and
trust, many companies continue to prefer working with local academic research
partners, which is seen as critical for easy access to desirable facilities and for
recruiting highly skilled people from nearby universities (e.g. Arundel and Geuna,
2004).

PPC globalization is driven and shaped and by trade-offs between close
proximity partnerships and long-distance connections, and by these processes of
mutual attraction and integration between cutting-edge academic science and
innovative corporate R&D (Bjerregaard, 2010). The leading actors this process
are the world’s largest science-based multinational enterprises (MNEs), operating
decentralized R&D structures with geographically dispersed R&D sites (Kleinert,
2003; OECD, 2008). The large MNEs active in science-oriented industrial sectors
(biopharmaceuticals, electronics, chemicals, food) are at the frontier of these
developments, setting up R&D units abroad and outsourcing research (Cloodt et
al., 2006; Laursen and Salter, 2004; Roijakkers and Hagedoorn, 2006). R&D
performed abroad by their foreign affiliates now represents on average some
16% of total industrial R&D expenditure within the OECD area (OECD, 2007).
R&D by their foreign affiliations was traditionally focused on ‘home base
exploitive” R&D to adapt technologies to foreign markets, but with the
establishment of increasing numbers of science-oriented R&D units, suggest that
the strategic objectives now also include ‘home base augmenting’ R&D that is
meant to create or improve science-based innovative technologies (Von Zedtwitz
and Gassman, 2002).

Nonetheless, science-based technology companies often continue to perform
the bulk of their basic scientific research in their home country or in other
advanced economies (Thursby and Thursby, 2006a; Tijssen, 2009). The
preference for locating R&D in (home) nations with the strongest academic
science systems is however gradually giving way to decisions that involve

partnerships in emerging countries, most prominently China nowadays, but also
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others that are catching up in terms of rapidly increasing R&D budgets and stocks
of relatively cheap, high-quality human resources (OECD, 2007). Several studies
strongly suggest that the strength of the science base in host countries is one of
the key factors for foreign corporations to establish these innovation oriented
R&D affiliations (e.g. Belderbos et al., 2008). The research strength of local
universities ranks high among MNEs as a determinant of foreign R&D locations
(Thursby and Thursby, 2006b). Similarly, the availability of a large and high-
quality pool of scientists and engineers is also an attractor for off-shoring
corporate foreign R&D to host countries, especially when such human capital is

scarce in the home country.

2.3 Collaboration and co-authored publications

The research articles published in the peer-reviewed journal literature is one of
the main outputs of high-quality ‘discovery’ scientific and technical research. At
present, research publications in these journals and periodicals are the only
publicly accessible micro-level source enabling systematic international statistical
data across geographic and institutional borders. The large majority of the
publications are research articles (co)produced by scientists, engineers and
technicians employed by universities and public sector research institutes.
However, corporate R&D staff also publish; often for a variety of reasons and
sometimes in large numbers (e.g. Hicks, 1995; Tijssen, 2009). A significant
fraction of their publication output is jointly authored with research partners in
the public sector. These co-publications represent (successful) research
cooperation, or associated research related interactions, between the private
sector organizations (mainly business enterprises) and public sector organizations
(research universities mainly). Public-private co-publications (PPCs) contain at
least one address of private sector for-profit company and one public sector
organization. Where the latter refers to a university (either publicly or privately
funded) and the company is (predominantly) active in industrial sectors, the sub-
class of PPCs is denoted as university-industry co-publications (UICs).

It seems reasonable to assume that producing (relatively) large quantities of
UICs at the very least reflects their attractiveness of specific universities as
sources of research-based knowledge for science-intensive industries. Since
corporate partners will engage in joint research with academics if they are
sufficiently convinced of their research capabilities - in terms of quality, potential

utilization value, and (cost) effectiveness - UICs therefore also partially reflect the
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degree in which universities are able to meeting quality specifications imposed by
industry (Tijssen et al., 1996; Tijssen et al., 2008).

PPCs and UICs implicitly represent two intertwined dimensions of knowledge
transfer mechanisms that occur with research cooperation arrangements. The
‘knowledge stock’ dimension represents capabilities, both in terms of inputs of the
partners, the ability to cooperate (successfully), as well as joint results that are
published as co-authored research publications. The ‘knowledge flows’ dimension
represents interactions and processes before and during the research effort,
which becomes partially manifest in the content and structure of the publication
and the list of authors. These knowledge creation processes obviously imply some
degree of (in)formal research partnership, but also reflect associated knowledge
exchanges and spill-overs of research-based components between universities
and the business sector. As such, these co-publications can be seen as both an
indicator of collaborative activity as well as impacts of academic ‘brain power’ on
knowledge-intensive economies and economic sectors.

A series of empirical studies have explored and exploited this information
source for quantitative studies of public-private cooperation in general and
university-industry cooperation in particular (e.g. Calvert and Patel, 2003;
Tijssen, 2004a; Lundberg et al., 2006; Sun et al., 2007; Tijssen et al., 2009;
Abramo et al., 2010; Tijssen, 2012).

3 Measurement methodology and data source

The PPCs and UICs in this study were identified by extracting and processing
bibliographic records from the Web of Science (WoS), an international
multidisciplinary bibliographic database of worldwide research literature. The
WoS database contains of tens of thousands of PPCs and UICs each year, the
majority of which relate either to clinical trials or exploratory basic research.

The empirical information on the geographical and institutional origins of
collaborating staff was extracted from the author affiliate addresses on each PPC.
Using these organizational addresses reflect collaborative ‘brain connections’ that
at some point in time result in published research outputs for dissemination
within the public research community worldwide. The author addresses enable
detailed data analysis at the institutional level of individual organizations
(universities, research institutes, large enterprises, SMEs) as well as geographical
domains (cities, regions, countries, worldwide).

The information on the institutional affiliations was cleaned and harmonized in-
house by CWTS, where the names of the main organizations in the addresses

were standardized and organizations classified according to their main
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institutional sector: higher education sector (universities mainly) or the corporate

sector (business enterprises and other business sector organizations). The

delineation of the private sector and public sector is done at CWTS by allocating
individual main organizations. Rather than adopting legal status as a sole
criterion, the allocation is determined by a mix of economic objectives (i.e. for
profit or non-profit) and institutional sector of institutions.>

The computation of PPC and UIC frequency counts and indicators in this paper
are based on the following data specifications:

e WoS document types: 'articles’, 'reviews', ‘notes’ and ‘letters’.

e Counting units: (a) PPC/UIC publications related to publications with at least
one corporate author address and one non-corporate address; (b) PPC/UIC
co-occurrences related to and pairs of addresses within the same publication;

e Attribution of a PPC/UIC publication or co-occurrence to a country: according
to the countr(y)(ies) mentioned in the corporate author address(es). Each
PPC/UIC is assigned fully to all countries listed in a corporate author address.

The extent and growth rate of globalization is measured in terms of the
physical distance between author addresses that are listed in PPCs and UICs. The
authored addresses were reduced to a city and country name. The 11000 most
frequently occurring addresses were tagged with their latitude and longitude
coordinates, using the website www.gpsvisualizer.com/geocoder/. Using these
coordinates, the geographical collaboration distance (GCD) was calculated of each
selected publication; i.e. the largest distance between two addresses mentioned
in a publication’s address list. Two GCD-based measures are applied in this
paper:

e mean geographical collaboration distance (‘MGCD’) of a set of publications;

e percentage of PPCs/UICs that include very long-distance collaborations with a
GCD of more than 5 000 km (*%>5000 km")

For technical reasons a PPC is defined here as a WoS-indexed publication where

either the public or private organization are based in the country. Further

technical details on the information source, data processing and the geo-coding

methodology are provided in Waltman et al. (2011) and Tijssen et al. (2011).

4 Macro level indicators of globalization

PPCs represented 4.2% of all WoS-indexed publications in 2006-2010, an

average of about 40000 publications per year. Correlation analysis in Table 1

3 Further details on the CWTS classification scheme of institutions assigned to the public sector or
private are available at the author.
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shows that the PPC indicator corresponds very significantly with the “Extent to
which business and universities collaborate on research and development” as
measured in the Global Competitiveness Survey, an annual survey among
thousands of corporate representatives worldwide (WEF, 2007). Restricting the
analysis to all OECD countries (member states and affiliated countries) results in
a correlation coefficient of R=0.70. Similar analyses applied to the 27 member
states of the European Union produce comparable positive coefficients. In other
words, the PPC indicator appears to be a robust proxy measure of public-private
R&D cooperation. A further confirmation of the indicator’'s cross-validity is
derived from the significant positive correlation (R=0.74) with another country-
level indicator of public-private cooperation: ‘the share of all firms cooperating
with higher education institutes’ within the Community Innovation Survey
administered among the EU27 member states. The correlation coefficient hardly
changes when the scope is restricted to the subclass of ‘innovating firms’ (rather

than ‘all firms’).

Table 1. Correlation between PPC intensity and other international comparative
indicators of public-private R&D interaction, 2007-2008 (Pearson correlation
coefficients R)*

EU-27 nations OECD countries
Extent to which business and universities 0.82 0.70
collaborate on research and development*
% of all firms cooperating with higher 0.74 N/A
education institutes**
% of innovative firms cooperating with higher 0.65 N/A
education institutes***

* Data source: Global Competitiveness Survey, 2007-2008
**  Data source: Community Innovation Survey, 2008
N/A Data not available.

¥ An extended version of this table is published in Tijssen (2012).

Having established that PPC statistics constitutes a reasonably valid and
meaningful indicator, at least at the aggregate country-level, we can now present
PPC data at this level and expand the scope of the analysis to capture
globalization rates. In both cases the units of analysis are the countries in which
the PPC-producing companies are located according to the author address
information on the WoS-indexed publications.

Table 2 presents the share of PPCs in a country’s total WoS-indexed scientific
publication output - the PPC intensity - and two indicators of the physical
distance between PPC partners: the Mean Geographical Collaboration Distance
(MGCD), and the share of PPCs where the GCD exceeds 5000 kilometers
(%>5000 km) The latter is considered a key indicator of globalization of public-
private research cooperation, where the locations of the company and its public

sector partner are at a large distance.
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Table 2. PPC summary statistics by country of company location*, **

PPC Intensity (%) MCGD (km) % >5000 km OECD country

Australia 2.0 9844 63 Member
Austria 4.5 2449 22 Member
Belgium 3.9 3961 40 Member
Brazil 1.0 6078 56

Canada 3.5 4003 33 Member
China 1.8 5745 47 Associated
Czech Republic 3.3 2365 20 Member
Denmark 6.5 2663 26 Member
Finland 5.0 2171 19 Member
France 3.2 2907 28 Member
Germany 6.4 2745 26 Member
Greece 1.3 4315 37 Member
Hungary 3.7 2277 21 Member
India 1.8 3979 32

Iran 1.0 3898 33

Israel 2.3 5829 50 Member
Italy 2.7 3052 28 Member
Japan 8.8 1636 13 Member
Korea 6.8 1839 16 Member
Netherlands 5.1 2407 24 Member
New Zealand 4.2 7279 44 Member
Norway 5.5 2743 26 Member
Romania 2.0 2207 18 Associated
Russian Federation 1.1 5646 53 Associated
Singapore 3.4 6019 44 Associated
Slovenia 3.4 1228 9 Member
South Africa 1.9 7052 55 Associated
Spain 1.7 3124 28 Member
Sweden 5.6 2786 27 Member
Switzerland 7.1 3303 33 Member
Taiwan (Chinese Taipei) 2.6 2573 20 Associated
Turkey 0.6 5095 45 Member
United Kingdom 3.7 3194 32 Member
United States 6.4 3605 25 Member

* Countries with @ minimum of 2000 WoS-indexed publications and 500 PPCs in 2006-2010.
** PPC intensity refers to 2006-2010; MGCD statistics refer to 2000-2009.

The findings show that the world’s PPC profile is skewed across countries.
These differences reflect the presence of large R&D-active companies within their
borders. These PPC co-producing companies account for 8.8% of all publications
with at least one Japanese affiliate address. Many of those PPC active Japanese
companies are in the electronics sector. Switzerland is second, with an PPC
intensity of 7.1%, largely owning to its Swiss-based pharmaceuticals and
biotechnology companies. The world’s most PPC-intensive countries are advanced
industrialized nations with open economies, all of which are OECD member states.
The BRICS countries (Brazil, Russia, India, China, and South Africa) is
represented in this list, each with a PPC intensity less than 2%. This list of PPC
active countries, and the ranking, seems credible and valid at face value: at the
top we find those with the largest number of R&D-based technology companies,

the most advanced universities and public sector research organizations, along
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with the resources and commercial incentives to cooperate and co-publish
research findings.

The geographical location of countries on the globe is a key determinant of PCC
globalization rates. Overall, the MGCD between 2000 and 2009 has fluctuated
around 3000 km (Tijssen et al., 2011). But clearly the geographically peripheral
countries, like Australia and South Africa, show much larger MGCD values than
those located near other advanced countries and OECD member states. In the
case of Australia, the average distance in PPCs between public and private
research partners amounts to almost 10000 kilometers, where 63% of the PPCs
have a distance of more than 5000 kilometers. In Slovenia, a small centrally
located European country, the MGCD is less than 1500 kilometers where only 9%
of the PPCs reach beyond 5000 kilometers. South Africa is the most globalised of
the non-OECD member states. Note that these distances may also occur within
the same country. Hence the geographically large countries - such as the United
States, Canada, China and Russia - are likely to produce a larger share of long-

distance PPCs irrespective of their degree of R&D globalization.

5 Micro level indicators of globalization

The pharmaceutical sector has a long tradition of close and successful
collaboration with public sector research partners (Toole, 2012). Intense local and
international competition in conjunction with rising R&D costs, are forcing the
pharmaceutical industry to innovate faster and more efficiently. As one of many
managerial responses, R&D-active pharmaceutical companies have started to
internationalize their research activities (Gassman and and Reepmeyer, 2005), en
cooperate more. Most of the large research-intensive pharmaceutical companies
have, in varying degrees, become MNEs with organizational units scattered across
the globe. The volume and geographic dispersion of an MNC’s research activity,
and the cooperation between central R&D labs in the home country and foreign
sources of knowledge, are considered key characteristics of underlying
organizational structures (Cockburn and Henderson, 1996). Boehringer
Ingelheim, with its R&D headquarters in Germany, presents an illustrative case.
This is one of the world’s most globalised pharmaceutical companies in terms of
its share of research cooperation projects involving their foreign research centres
(Tijssen, 2009).

Figure 1 depicts a ‘micro level’ view of the organizational network structure of
Boehringer Ingelheim’s within-company collaboration links and external partners

derived from it's WoS-indexed co-publications with a German in-house author
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address. The co-authorship network reveals strong ties between the company’s
subsidiaries in Germany, Austria and the USA, each spanning a range of external
co-publication partners. Although this network is by design predominantly
European, some of the public sector partners are located outside Europe, such as
UCLA in the USA. An extended research cooperation network including Boehringer
Ingelheim’s R&D-units outside Europe would provide a more comprehensive

picture of the company’s PPC globalization profile.

Figure 1. Research co-authorship network of Boehringer Ingelheim’s ‘home
country’ co-publications (2005-2006)*
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BUEHRINGER INGELHEIM [AT)
MED LN VIENNA (4T]

ES IHST MOL PATHOL [AT)
AUSTRIAN ACAD 5C1 (AT)

i\

HEDFORMA [FR) UMV SMSTERDAM (NL]

UNIY BARCELONA Sk,

UNIV HANNOVER (DE)
CEANER HLTH INSIGHTS (U5 ‘B‘» UNIY COLL LONDON HOSP (UK '

UMY KIEL (DE)

UNW HEIDELBERG [DE]

fe L LT OO UKy )"(/
X
ERASMUS LINIY ROTTERDAM [NL

gLINTY MAINZ [DE)
sl UNIV BERGEN (M)
PFIZER INC [US)

yABBOTT GMEH & COKG (DE,

LNV LUND (SE)
UNIV FREIBURG ([DE)

HOP HECKER ENFANTS MALAD (FR]
BUSKERUD CENT HOSP (NOJ

SAHLGRENS UNI [SE

TECH UNIY MUNICH [DE]

SANODF| AVENTIS (DE) BASF AG (DE)

* Based on Boehringer Ingelheim’s co-publication with a German author address.

One of Boehringer Ingelheim’s foreign subsidiaries is located in Randburg,
South Africa: Ingelheim Pharmaceuticals (Pty) Ltd. These local subsidiaries of
MNEs tend to act as collaborative bridges between South African universities and
the globalising world of corporate pharmaceutical R&D. The summary overview of
the corporate research partnerships in Table 3 that involve South Africa’s Big Five’
universities: University of Cape Town, Stellenbosch University, University of the
Witwatersrand, University of Pretoria, and University of Kwazulu Natal.

These five South African universities create and sustain a localized competitive
mass of knowledge and skills, acting as critical assets and change agents within
local knowledge-based economies, not only in terms of knowledge creating and

utilizing organizations, but also as suppliers of highly skilled work force, and
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participants in local R&D networks. With the increasing global competitiveness in
R&D-intensive industrial sectors, and the rise of science-based industrial sectors
during the last decades, one may safely assume that these research-intensive
universities, and many others based in the advanced industrialized nations, have
become more responsive to their economic environment to make effective use of
internal and external sources, attract funding and human resources, improve and
expand research capabilities, and accelerate knowledge creation and transfer
processes. The list of companies in this table provides ample evidence that many
business enterprises engage in joint research with these South African

universities.

Table 3. Corporate research partners of South African universities: occurrences of
corporate co-author addresses in university research publications and breakdown
by geographical origin, 2009-2010% ** ***

AstraZeneca 14
SRI Int. 12
Merck 11
Novartis 11
GlaxoSmithKline 10
Novo Nordisk 9
Tibotec 9
Microsoft
H Lundbeck
Pfizer 2
BHP Billiton
Boehringer Ingelheim
Bayer
Sasol 20
Anglo American 12
Necsa S. African Nucl. Energy Corp. 11
Mondi Business Paper 6
Ergotech Ergon Consultants 5
Eskom Holdings 5
Pannar Res. Serv. 5
5
4

APONOO N
=N WW

Sappi Forests Pty
Distell

*  Truncated names of companies as they occur in the CWTS Web of Science database.

** Data related to the occurrences of company names in the author addresses of co-authored
publications in 2009-2010 co-produced by the universities of Cape Town, Stellenbosch, Pretoria,
Witwatersrand, and ZwaZulu-Natal.

*** | ower threshold: 4 occurrences of company in 2009-2010 publications.

This overview of partner companies also nicely illustrates how these research-
intense universities attract a diversity of corporate partners; large and small,
from South Africa or abroad. The corporate organizations listed within UICs were
split into two broad geographical classes: ‘domestic’ (corporate partners based in
the same country as the university) or ‘foreign’, depending on the physical

location of corporate partners as mentioned in the author affiliate addresses. The
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international partners include a host of pharmaceuticals MNEs (AstraZeneca,
Merck, Novartis, GlaxoSmithKline, Novo Nordisk, H Lundbeck, Pfizer, Boehringer
Ingelheim, Bayer), where the latter four also collaborate through their local South
Africa subsidiaries. Not surprisingly, the list of the Big Five’s indigenous research
partners features South Africa’s largest R&D-active company, Sasol, as the
number 1 most frequently occurring partner. This short list of prolific partners

also includes South African SMEs.

6 Concluding remarks

Current geographic trends in the physical (re)location of industrial R&D, and
the rise of ‘open innovation’ models, signify accelerating shifts toward global
‘networked’ architectures of collaborative relationships (Chesborough, 2003).
Given the growing importance of public-private collaboration in R&D, the need for
new metrics to compare and to track collaboration patterns is high. In times of
'flattened world' views, it is therefore necessary to better understand the
phenomenon of globalization, also in this field of activity. Globalization in the
realm of economic activity is also not as 'flat' as some previous work has stated
(e.g., Friedman, 2005; Ghemawat, 2011). The findings in this paper show that it
is too coarse a hypothesis and that agglomeration effects in internationalization
and globalization definitely are a reality (Florida, 2005).

The PPC/UIC model and performance indicators presented in this exploratory
paper critically hinge on the assumption that the underlying empirical data are
valid proxies of public-private research cooperation linkages. Even though these
data may provide a somewhat restricted and biased view of reality, they
nonetheless define a unique and useful international frame of reference to gauge
worldwide patterns and aggregate-level trends. In the absence of counter
evidence, one may assume that country-level PPC/UIC statistics reflect joint
knowledge production and, by association, cross-sectoral knowledge flows
between industrial R&D and scientific research done within public sector
organizations and universities. PPC and UIC data can therefore be used as a
macro-level performance indicator of these linkages and flows - and have been
used as such for the European Innovation Scoreboard (European Commission,
2008; 2009) and its successor report series under the heading of the Innovation
Union Scoreboard (European Commission, 2011a, 2011b). However, countries are
often too heterogeneous for policy relevant analysis, as they comprise of areas
and regions with distinctly different R&D landscapes and PPC/UIC patterns.

Hence, macro-level statistics provide little insight into the R&D environments and
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economic frameworks affecting collaborative activities. We need more nuance and
fine-tuning to understand and explain what is happening and why it does happen
the way we observe it. Disaggregated data at the micro-level are required.
Obviously, PPC and UIC magnitudes and intensities may vary significantly
within and across R&D-intensive industrial sectors and large R&D-active
technology companies. Only in those cases where sufficiently large numbers
occur, may one expect a reasonable degree of validity and a meaningful statistics.
Further research is needed into the nature of PPC and UIC indicators as
quantitative proxies to support and advance empirical studies of globalization
processes and strategic analysis of corporate R&D trends. Enhancing the
robustness of these indicators will lend further credibility to the usage of PPC and
UIC statistics as performance indicators within evidence-based policy reports on
research and innovation (Tijssen, 2004b). Additional data gathering of macro and
micro level information is therefore essential to enhance the quality and scope of
these quantitative indicators. Such information sources may gradually become
available through case studies and dedicated surveys amongst business
enterprises, universities and public research organizations worldwide. The
outcomes should not only help assess the relevance of public science for external
industrial R&D and innovation, but also the potential of universities and other
public research organizations to engage in industrial relevant basic science,
knowledge transfer, the commercialization of their assets and related

entrepreneurial activities.

Acknowledgement

I am grateful to my CWTS colleagues Ludo Waltman and Nees Jan van Eck for
their valuable research assistance.

References

Abramo, G., D'Angelo C.A., Solazzi. M., 2010. Assessing public-private research
collaboration: Is it possible to compare university performance? Scientometrics.
84. 173-197.

Adams, J., Chiang, E., Starkey, K., 2001. Industry-university cooperative
research centers. Journal of Technology Transfer, 26, 73-86.

Arundel, A., Geuna, A., 2004. Proximity and the use of public science by
innovative European firms, Economics of Innovation and New Technology, 13,
559-580.

Audretsch, D.B., Feldman, M., 1996. R&D Spillovers and the Geography of
Innovation and Production. American Economic Review, 86, 630-640.

Audretsch, D.B., Stephan, P.E., 1996. Company-scientist locational links: The
case of biotechnology, The American Economic Review, 86, 641-652.

Audretsch. D.B.. Bonte. W.. Krabel. S., 2010. Why do scientists in public research
institutions cooperate with private firms? Copenhagen: DRUID Working Paper
No. 10-27.

Paper to be presented at the MEIDE 2012 Conf. (Cape Town, South Africa) 16



Bekkers, R., Bodas-Freitas, I., 2008. Analyzing knowledge transfer channels
between universities and industry: to what degree do sector matter? Research
Policy, 37, 1837-1853.

Belderbos, R., Leten, B., Suzuki, S., 2008. Does excellence in academic research
attract foreign R&D? Paper presented at the INIR ‘Global Lab’ Research
Seminar, Catholic University of Leuven, Belgium.

Bjerregaard. T., 2010. Industry and academia in convergence: micro-institutional
dimensions of R&D collaboration. Technovation, 30, 100-108.

Brostrom. A, 2010. Working with distant researchers — Distance and content in
university-industry interaction, Research Policy, 39, 1311-1320.

Calvert, J., Patel, P., 2003. University-industry research collaborations in the UK:
bibliometric trends, Science and Public Policy, 30, 85-96.

Chesbrough, H., 2003. Open innovation: the new imperative for creating and
profiting from technology. Harvard Business School Press, Boston.

Cockburn I., Henderson R., 1996. Public-private interaction in pharmaceutical
research, Proceedings of the National Academy of Sciences of the United States
of America, 93, 12725-17230.

Cohen, W., Nelson, R., Walsh, J., 2002. Links and impacts: the influence of public
research on industrial R&D, Management Science, 48, 1-13.

Cloodt, M., Hagedoorn J., Roijakkers, N., 2006. Trends and patterns in interfirm
R&D networks in the global computer industry: an analysis of major
developments, 1970-1999. Business History Review, 80, 725-746.

D’Este P. and Patel. P., 2007. University-industry linkages in the UK: what are the
factors underlying the variety of interactions. Research Policy. 36. 1295-1313.
European Commission, 2008. European Innovation Scoreboard 2008, European

Commission, Brussels

European Commission, 2009. European Innovation Scoreboard 2009, European
Commission, Brussels

European Commission, 2011a. Innovation Union Scoreboard 2010: The
Innovation Union's performance scoreboard for Research and Innovation,
Brussels: European Commission/DG Enterprise, PRO INNO Europe Paper No.
18.

European Commission, 2011b. Innovation Union Competitiveness Report 2011
(Executive Summary - English edition), Brussels: European Commission/DG
Research and Innovation.

Fontana, R., Geuna, A., Matt, M., 2006. Factors affecting university-industry R&D
projects: The importance of searching, screening and signalling, Research
Policy, 35, 309-323.

Fleming, L., Sorensen, O., 2004. Science as a map in technological search,
Strategic Management Journal, 25, 909-928.

Florida, R., 2005. The world is spiky. The Atlantic Monthly, October 2005, 48-51.

Friedman, T., 2005. The world is flat: a brief history of the twenty-first century,
Macmillan Press.

Gassman O., Reepmeyer G., 2005. Organizing pharmaceutical innovation: from
science-based knowledge creators to drug-oriented knowledge brokers,
Creativity and Innovation Management, 14, 233-245.

Gertler, M., Levitte, Y., 2005. Local nodes in global networks: the geography of
knowledge flows in biotechnology innovation, Industry and Innovation, 13,
487-507.

Ghemawat, P., 2011. World 3.0: Global Prosperity and How to Achieve It.
Harvard Business Press.

Hanel. P.. St-Pierre. M., 2006. Industry-university collaboration by Canadian
manufacturing firms. The Journal of Technology Transfer. 31. 485-499.

Hicks, D., Published Papers, Tacit competencies and corporate management of
the public/private character of knowledge, Industrial and Corporate Change, 4,
401-424, 1995.

Paper to be presented at the MEIDE 2012 Conf. (Cape Town, South Africa) 17



Katz, J.S., 1994. Geographical proximity and scientific cooperation,
Scientometrics, 31, 31-43.

Kleinert, J., 2003. The Role of Multinational Enterprises in Globalization,
Berlin/Heidelberg: Springer Verlag.

Laursen, K., Salter, A., 2004. Searching high and low: what types of firms use
universities as a source of innovation? Research Policy, 33, 1201-1215.

Link, A., 1999. Public/private partnerships in the United States. Industry and
Innovation, 6, 191-217.

Lundberg. J., Tomson. G., Lundkvist. I., Skar J., Brommels M., 2006.
Collaboration uncovered: exploring the adequacy of measuring university-
industry collaboration through co-authorship and funding. Scientometrics. 69.
575-589.

Mansfield, E., 1995. Academic research underlying industrial innovations:
sources, characteristics and financing, Review of Economics and Statistics, 77,
55-62.

Mansfield, E., Lee, J., 1996. The modern university: contributor to industrial
innovation and recipient of industrial R&D support, Research Policy, 25, 1047-
1058.

Martinelli, A., Meyer, M., Von Tunzelmann, N., 2008. Becoming an entrepreneurial
university: a case study of knowledge exchange relationships and faculty
attitudes in a medium-sized, research-oriented university, The Journal of
Technology Transfer, 33, 259-283.

Meyer-Kramer, F., Schmoch, U., 1998. Science-based technologies: university-
industry interactions in four fields, Research Policy, 27, 835-851.

Mowery, D., Sampat, B., 2005. Universities in national innovation systems, In:
Fagerberg, J., Mowery, D., and D. Nelson, (Eds.), The Oxford Handbook of
Innovation. Oxford University Press, Oxford (UK).

OECD, 2002. Benchmarking Industry-Science Relationships. Paris: Organization
for Economic Cooperation and Development.

OECD, 2005. Handbook on Economic Globalization Indicators, Paris: Organization

for Economic Cooperation and Development.

OECD, 2007. Science. Technology and Industry: Scoreboard 2007. Paris:
Organization for Economic Cooperation and Development.

OECD, 2008. The Internationalization of Business R&D: Evidence, Impacts and
Implications, Organization for Economic Cooperation and Development, Paris.
OECD, 2010. Measuring Globalization: OECD Economic Globalization Indicators

2010, Paris: Organization for Economic Cooperation and Development.

Ponds, R., Van Oord, F., and Frenken, K., 2010. Innovation, spillovers and
university-industry collaboration: an extended knowledge production function
approach. Journal of Economic Geography, 10, 231-255.

Ramlogan R., Mina, A., Tampobolon, G., Metcalfe, J.S., 2007, Networks of
knowledge: the distributed nature of medical innovation, Scientometrics, 70,
459-489.

Roijakkers, N., Hagedoorn, J., 2006. Inter-firm R&D partnering in pharmaceutical
biotechnology since 1975: Trends, patterns, and networks, Research Policy, 35
431-446.

Rosenberg, N., 1990. Why do firms do basic research (with their own money)?
Research Policy, 19, 165-74.

Storper M., 2000. Globalization and Knowledge Flows, In: J.H. Dunning (Ed.),
Regions, Globalization, and the Knowledge-Based Economy, Oxford: Oxford
University Press, 42-63.

Sun, Y., Negaishi, M., Nisizawa, M., 2007. Co-authorschip linkages between
universities and industry in Japan, Research Evaluation, 16, 299-309.

Tijssen, R.J.W., Van Leeuwen, Th.N., Korevaar ].C., 1996. Scientific publication
activity of industry in the Netherlands, Research Evaluation, 6, 1-15.

Paper to be presented at the MEIDE 2012 Conf. (Cape Town, South Africa) 18



Tijssen. R.J.W., 2004a. Is the commercialization of scientific research affecting
the production of public knowledge? Global trends in the output of corporate
research articles. Research Policy, 33, 709-733.

Tijssen, R.J.W., 2004b. Measuring and evaluating science-technology
interactions: towards international statistics. In: Moed, H., Glanzel, W.,
Schmoch, U., (Eds.), Handbook of Quantitative Science and Technology
Research: The use of publication and patent statistics in studies on S&T
Systems, Kluwer Academic Publishers, Dordrecht, 695-716.

Tijssen, R.J.W., 2006. Universities and industrially relevant science: Towards
measurement models and indicators of entrepreneurial orientation, Research
Policy, 35, 1569-1585.

Tijssen, R.J.W., Van Leeuwen, T.N., Van Wijk, E., 2009. Benchmarking university-
industry research cooperation worldwide: performance measurements and
indicators based on co-authorship data for the world’s largest universities.
Research Evaluation. 18, 13-24.

Tijssen, R.J.W., 2009. How globalized is corporate pharmaceutical research? An
analysis of Europe’s multinational companies. Technology Analysis and
Strategic Management. 21, 859-879.

Tijssen, R.J.W., Van Eck N.J. and Waltman L., 2011. Globalization of public-
private research: co-publication monitoring of trends in worldwide science,
Proceedings of the Atlanta Conference on Science and Innovation Policy,
Atlanta, United States.

Tijssen, R.J.W., 2012. Co-authored research publications and strategic analysis of
public—private collaboration (forthcoming in Research Evaluation).

Thursby, J., Thursby, M., 2006a. Where Is the New Science in Corporate R&D?
Science, 314. 1547-1548.

Thursby, J., Thursby, M., Here or There? 2006b. A Survey on the Factors in
Multinational R&D Location, National Academies Press, Washington DC.

Toole, A., 2012. The impact of public basic research on industrial innovation:
evidence from the pharmaceutical industry, Research Policy, 41, 1-12.

Van Eck, N.J., Waltman L., Tijssen R.J.W., 2011. Globalization of science:
geographical distance measurements of research collaboration. Proceedings of
the ISSI12011 Conference, Durban, South Africa.

Von Hippel, E., 1994. Sticky information and the locus of problem solving:
implications for innovation. Management Science, 40, 429-439.

Von Zedtwitz, M., Gassman, 0., 2002. Market versus technology drive in R&D
internationalization: four different patterns of managing research and
development, Research Policy, 31, 569-588.

Waltman, L., Tijssen, R.J.W. van Eck, N.]., 2011. Globalisation of science in
kilometers, Journal of Informetrics, 5, 574- 582.

WEF, 2007. The Global Competitiveness Report 2007-2008, Report by World
Economic Forum, Palgrave MacMillan.

Paper to be presented at the MEIDE 2012 Conf. (Cape Town, South Africa) 19



