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PREFACE

n June 2009, university and industry leaders from around the world gath-

ered in Glion-above-Montreux, Switzerland, at the VII Glion Collo-

quium to consider the role of research universities in an innovation-
driven, global society. Launched in 1998 by Professors Luc Weber (Univer-
sity of Geneva) and Werner Hirsch (University of California), the Glion
Colloquium brings together university leaders to discuss the future of higher
education, frequently joined by leaders from business, foundations and gov-
ernment. Topics have included the rapidly changing nature of research uni-
versities, university governance, the interaction between universities and
society, collaboration between universities and business, and the globaliza-
tion of higher education. The papers presented and associated discussions at
each colloquium are subsequently compiled in a book available through pub-
lishers or downloadable in full-text format on the Glion Colloquium website
at http://www.glion.org.

The context for the VII Glion Colloquium is an era in which educated peo-
ple, the knowledge they produce and the innovation and entrepreneurial
skills they possess have become the keys to economic prosperity, public
health, national security and social well-being. In particular, leadership in
innovation — the transformation of knowledge into products, processes and
services — has become critical to economic competitiveness, long-term pro-
ductivity growth, the generation of wealth and global sustainability. Of
course, innovation is more than simply new technology. It also includes eco-
nomic innovation in integrating and managing business processes, products

Xi



and services, and social innovation in formulating effective public policies
and actions that broadly benefit society.

Whether in the “old world” of Europe and North America or in rapidly
developing economies in Asia, Latin America and the Middle East, the mes-
sage is clear: innovation has become the key to prosperity and social well-
being in a hypercompetitive, global, knowledge-driven economy. The core
competency of a business, a region or a nation in the early 21st century has
become its capacity to innovate. While characteristics such as population
diversity, democratic values, free-market practices and a rational and predict-
able legal system provide a fertile environment for innovation, history has
shown that significant public and private investment is necessary to produce
the key ingredients of innovation: new knowledge (research), world-class
human capital (education), infrastructure (institutions, facilities, networks)
and supportive policies (tax, investment, intellectual property).

Today’s intensely competitive global economy requires not only leadership
in innovation, but also educated citizens capable of applying technology, tal-
ent and capital in new ways, with deep analytical skills and the ability to man-
age ambiguity. Institutions of higher learning must collaborate with industry
and government to create a climate and culture that enable innovation to
thrive. Here, part of the challenge is the changing nature of innovation itself.
It is far more open; it spans virtually all disciplines; and it is increasingly glo-
bal. And it arises not only in the laboratory and the classroom, but also in the
marketplace, the workplace and the community. It requires the development
of new academic disciplines, increasingly interdisciplinary research and
instruction across the traditional disciplines, and continual learning opportu-
nities to keep abreast of the fast-changing, dynamic nature of work.

Not only is this a challenge to our universities to provide the new knowl-
edge and broadly educate the graduates necessary for innovation, but it also
demands that higher education develop and demonstrate the capacity for con-
tinuous innovation and quality improvement at both the institutional and
enterprise level. Clearly, sustaining a nation’s leadership in innovation will
require institutions of higher learning capable of embracing innovation in
pedagogy, scholarship and organization as key, both to their quality and
capacity to serve the changing needs of our society. In fact, innovation in all
its forms (technological, organizational, social, financial) will also be of great
importance to the university itself as an institution and higher education as a
system to respond effectively to the needs of a rapidly changing world.

The VII Glion Colloquium brought university leaders and colleagues from
business and industry together with experts on innovation to consider ways
that universities can best contribute to an innovation-driven, global econ-
omy. This book contains the proceedings from the colloquium, along with
summaries of the discussions occurring in each session.



The first session laid the foundation for the colloquium by introducing the
importance of innovation in several guises — technological, economic, polit-
ical and social. The current economic crisis demonstrates that the dynamic
nature of innovation-driven economies raises serious challenges to sustain-
ability of growth as the explosion of new knowledge and innovation not only
creates new wealth, but also disrupts existing social structures — communi-
ties, companies and governments (Weber). New forms of economic and social
organizations and practices are evolving that tap human talent on a global
scale, so-called “open innovation”, and merge competition and cooperation in
shaping institutional relationships (Vest). As knowledge becomes more com-
plex, it not only evolves beyond traditional economic disciplines such as sci-
ence, technology, finance and management, but also encompasses humani-
ties, the arts and social sciences as it extends benefits beyond individuals to
social communities (Hazelkorn).

This broader perspective was illustrated in the second session concerned
with the various agents of innovation. Chameau provided examples of how
individuals of great intellectual span and creativity were frequently the source
of new economic activity such as spinoff companies and even entirely new
economic sectors. Organizations have also evolved to reflect both the breadth
and depth of the knowledge base required for innovation, from the large cor-
porate R&D laboratories of the 1950s such as Bell Labs to today’s organiza-
tions tapping the triple helix of industry, government and research universi-
ties (Johnson). Van Vught reviewed the diverse roles and approaches of
governments and local authorities, whether at the national or regional level,
to promote or drive innovation, suggesting the importance of information
feedback to reshape a policy learning and adaptation process.

The third session brought together university leaders from both long-estab-
lished (Winckler, Eichler, Munroe-Blum) and newly emerging institutions
(Andersson, Ulaby, Al Hammadi and de la Fuente) to compare and contrast
how regional and institutional characteristics shape innovation strategies.
Although international efforts, such as the Lisbon Agenda in Europe, can
facilitate collaboration and standardization, it was stressed that innovation
strategies are best addressed at the national and institutional level. The Cana-
dian experience illustrated the need for nations characterized by high quality
educational systems to build the infrastructure, such as national research foun-
dations, necessary to stimulate and sustain innovation and entrepreneurial
activities. Singapore, Saudi Arabia and Abu Dhabi provided examples of how
rapidly nations capable of focusing sufficient resources were attempting to
build world-class universities, not only as sources of innovation, but also as
change agents in their own societies. Yet, de la Fuente noted that nations
characterized by rapidly growing populations, high social diversity and income
inequality such as those in Latin America would, of necessity, take a more bal-



anced approach to the dual challenges of expanding educational opportunity
while achieving the high quality research programs necessary to drive innova-
tion.

The emerging role of innovation in achieving economic prosperity,
national security and social well-being in stimulating new approaches at both
the national and institution level was the topic of the fourth session. Crow
described the effort to transform one of the United States’ youngest universi-
ties, Arizona State, into “a new American university”, based upon a highly
entrepreneurial approach to social responsiveness, global engagement and
use-inspired research. Huber reviewed Germany’s effort to focus substantial
resources to elevate a limited number of its universities to world-class research
status as key to economic innovation. Duderstadt discussed a similar national
approach in the United States to create a number of translational research
centres to address the nation’s energy challenges — so-called “energy innova-
tion hubs” — capable of linking fundamental scientific discovery with the
applied research and development necessary for technological innovation and
economic impact. Such institutional and national strategies were of particular
importance as high-tech industry increasingly shifted to open innovation
strategies, developing partnerships with both universities and other compa-
nies on a global scale to address particular technology challenges rather than
investing primarily in internal R&D ventures (Bénard). Salmi concluded the
session with a broad discussion of the challenges of creating world-class uni-
versities, including the provocative subject of just how one knows when it has
been achieved, beyond simply using league tables, a subject stimulating a par-
ticularly vigorous discussion!

The last session addressed the deeper intellectual character of innovation
and its relationship to the academic mission of the university. Nam Suh pro-
posed a thermodynamic model of innovation in which the key to regional
competitiveness was the balance between the formation of nucleation sites for
innovation and the rate of knowledge diffusion. Lenzen returned to the early
ideas of Humboldt in creating the 19th century research university, in which
scholarship was not only conducted for knowledge’s sake but also to benefit
humanity, to suggest a broader, more diverse and flexible academic framework
capable of stimulating creativity. Deshpande demonstrated how innovative
organizations could be created both in technology-intensive environments
such as MIT and in entrepreneurial ecosystems such as India. Brown suggested
that the power of emerging information and communication technologies,
coupled with the new forms of social networking and learning of the young,
was driving an epistemological shift that integrated tacit and explicit knowl-
edge, from “learning to do” to “learning to be” to “learning to become”.

Frank Rhodes contributed the “alpha and the omega” for the colloquium:
he first provided the introductory presentation to review the past decade



spanned by the Glion Colloquia. Then, very much in the spirit of the Glion
Declaration drafted in 1998 following the first colloquium, he led the effort to
draft a new Glion Declaration addressing the role of the university in meeting
the challenge of global sustainability, drawing on discussions at the VII Glion
Colloquium. This declaration, endorsed by the colloquium participants, has
been included in the final chapter of this book and will be distributed more
broadly as a separate document.

The VII Glion Colloquium was arranged under the auspices of the Univer-
sity of Geneva and the Graduate Institute of International Studies and Devel-
opment in Geneva and made possible by the generous support of the Hewlett
Packard Corporation in California, the King Abdullah University of Science
and Technology in Saudi Arabia, the Khalifa University of Science, Technol-
ogy, and Research of Abu Dhabi, and the Swiss Secretariat for Education and
Research. To all of these organizations, we express our deep gratitude for their
support for the VII Glion Colloquium, both the event and the publication of
this book. Without their assistance, it would not have been possible for us to
share so many insights of value to the university and the wider world, and then
to present these insights to an international audience through the means of
this publication.

We are also grateful for the efforts of those who contributed to the produc-
tion of this book, including Mary O’ Mahony, of Geneva, and Natacha
Durand and Anne-Sophie Bentz from the Graduate Institute of International
Studies and Development, as well as Edmund Doogue, also of Geneva, who
rigorously copy-edited the texts.

Luc E. Weber James J. Duderstadt
University of Geneva Uniwersity of Michigan
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table (GUIRR) and a Board member of Alliance for Science & Technology
Research in America (ASTRA).

Johnson’s work was also acknowledged in 2005 through a Harvard Business
School Case Study — HP Nanotech: Partnership with California NanoSys-
tems Institute (CNSI), which illustrates the challenges of managing industrial-
university collaborations and examines issues of US national competitiveness.
Johnson received his B.A. from Colgate University, Hamilton, NY, and his
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JOIDES Planning Office of the Ocean Drilling Program at the Graduate
School of Oceanography, University of Rhode Island.
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sity spin-outs globally.

Prior to establishing his own life science consultancy, Nadison was Vice Pres-
ident, Marketing and Planning, for a division of Deere & Company. Previ-
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f “[a] week”, as the late British Prime Minister Harold Wilson once point-

I edly remarked, “is a long time in politics”, so also, a decade is a long time

in higher education. It represents the graduation of two or three genera-

tions of students. It reflects the subtle influence of changing scholarly and

research priorities and, for all the treasured independence of the academic

world, it demonstrates the impact of government policies, social changes, eco-
nomic conditions and market forces upon universities.

It is now a decade since The Glion Declaration (1998) was published. This
Declaration, subscribed by a group of senior scholars, foundation executives
and educational leaders from Asia, Europe and the United States, stressed the
critical role of knowledge in the dawning new millennium, and emphasized
the unique role that the world’s leading research universities play, not only in
the conservation and transmission of existing knowledge, but also in the dis-
covery of new knowledge and in its testing, verification and benevolent appli-
cation to human needs.

1 I am most grateful to Ms. Rachel Parks, who has provided great help in obtaining the
data on which the tables are based and in preparing the manuscript.
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The Declaration emphasized the implicit social compact between the univer-
sities and their various publics, by which, in exchange for the benefits to society
provided by universities — the creation of new knowledge, the development
and nurture of informed citizens and leaders in every field, the provision of
expert professional skills and the training and certification of professional prac-
titioners — society grants them varying degrees of financial support and recog-
nizes their continuing need for a high degree of institutional autonomy and
scholarly freedom. In light of that compact, the Declaration called for universi-
ties to recognize their unique responsibilities toward the well-being of their soci-
eties by reaffirming their commitment to, and exemplifying in their practice,
teaching as a moral obligation and scholarship as a public trust. It urged the cre-
ation of new alliances within the university and new partnerships outside it, bet-
ter to address pressing social needs. It called for harnessing the power of infor-
mation technology (IT); the creation of imaginative, new career tracks and new
approaches so as to extend the universities’ contribution to public service; and
the development of new patterns of institutional governance, leadership and
management within the universities. It also stressed the continuing obligation
for accountability. In all this, the Declaration argued that both scholarship and
society would be best served by recognition of the university as the custodian of
the ancient values on which the growth of knowledge depends and by the uni-
versity community’s reaffirmation of the integrity, excellence, civility, openness
and responsibility that have provided the sturdy foundation for their various
contributions to society over the last 900 years.

The Glion Declaration formed an appendix to a 1999 volume of papers
from the first Glion Colloquium, Challenges Facing Higher Education at the Mil-
lennium (Hirsch & Weber, 1999). In this volume, the article most frequently
quoted by the 17 contributing authors was by Peter Drucker, who concluded
that “30 years from now the big university campuses will be relics. Universities
won’t survive” (Drucker, 1997). No symposium speaker thought that likely,
but virtually all expected that existing trends and looming challenges would
require universities to undergo major adaptation and that significant changes
would inevitably come with this adaptation. The writers predicted these chal-
lenges arising from such external trends as:

e Growing globalization and partnerships (Hirsch & Weber, 1999, p. 5).

¢ Growing need for and use of information technology (ibid, p. 5).

¢ Competition from “new vendors” (ibid, p. 60).

¢ Growing need for life-long learning (ibid, p. 136).

e Growing financial pressures and constraints (ibid, p. 31), including
decreasing state support and increasing internal costs (ibid, p. 16).

e Social, economic, political, ideological, religious and cultural pres-

sures (ibid, p. 19).
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e Changing public views of, and changing government attitudes
toward, higher education (ibid, p. 22).

¢ Global challenges, including balkanization of countries and societies,
increasing disparities in wealth, continuing growth in world popula-
tion and migration, environmental degradation and shrinking per
capita food production (ibid, p. 20).

What changes within the academy did these same Glion authors envision
in the new millennium? Again, there was no unanimity, but there was broad
expectation of changes involving:

¢ Increasing costs (ibid, p. 12).

¢ Improved patterns of governance (ibid, pp. 13-15).

e Restructuring, including possibly unbundling of functions, growing
commercialization, mergers and new providers (ibid, pp. 43-47, 59).

¢ Growing patterns of collaboration (ibid, p. 58).

e A reluctant attempt to address “structural inefficiencies” (ibid, p. 23).

® Some expected these changes to be revolutionary and transformative,
involving a “paradigm shift” (ibid, pp. 56, 63), while others saw them
as likely to be more gradual and incremental (ibid, p. 50, 158, 168).

Glion 2009: A Decade of Change

Our world has undergone profound changes in the 10 years since the Glion
Declaration, and most of those changes have made it less secure. In addition
to the inevitable toll of natural disasters, the economic collapse has brought
great hardship to many in every country, the Aids epidemic has ravaged the
populations of many parts of Africa and elsewhere, terrorism has become a
global issue, and the war on terror continues to exact a terrible toll in death
and suffering. Food shortages have increased in some areas, with famine in the
Horn of Africa and growing numbers of undernourished children in several
regions. Meanwhile, the sharp spike in energy prices has contributed to
increasing concerns over the impact of climate change and growing interest
in alternative energy sources.

In 2009, the mood is bleak. Moody’s sees the universities, especially private
colleges, facing “stiff challenges” from increasing pressure on tuition and
financial aid arising from a decline in household income, investment and
home equity; loss in endowments; pressure on liquidity; and volatility in vari-
able rate debt markets. (Carlson, 2009)

This view represents the first negative outlook by Moody’s for all sectors of
higher education since the credit-rating agency started publishing outlooks for
higher education in the mid-1990s. In the present situation, the author of the
Moody’s report concluded, “management and governance [are] extremely crit-
ical for how colleges weather this cycle.”
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How, then, have the universities performed over the last decade? How have
they responded to the societal and economic changes that have marked the
new millennium?

It is not possible to give global answers, though I hope our discussion will
produce details of individual countries and regions. Let me, instead, seek to
provide responses from the two regions that I know best and for which reason-
ably comprehensive data are available: the United States and the OECD.

For these regions, virtually all the changes predicted at the first Glion Col-
loquium have come to pass, although changes within universities have been
limited. I propose to describe changes in six broad areas: finance, institutions,
students, faculty, partnerships and governance.

Financial changes

Rising costs in higher education in the U.S. over the last decade are now
attracting increased attention, having far exceeded those in housing, trans-
portation and even health care. The cost of tuition, room and board at a four-
year public college, even after taking into account financial aid, was equiva-
lent to 55% of the household income of the poorest 10% of American families
in 2007, compared with “only” 39% in 2000 (Blumenstyk, 2008). But, in spite
of these harsh realities, 18 million students still attend colleges where tuition
and fees average less than $2,400 a year, and most colleges are increasing their
contribution to financial aid. Private colleges increased financial aid from
their own resources by 173% in inflation-adjusted dollars from 1996-2006.
But at public universities, the loss of state funding has increased the overall
share of the cost borne by students and their families, from 35% in 1996 to 47%
in 2006. “Will Higher Education Be the Next Bubble to Burst?” ask Cronin and
Horton (2009). Consumers “are now asking whether it is worth spending
$1,000 a week to send their kids to college. There is a growing sense among the
public that higher education might be overpriced and under-delivering.”
Several recent studies suggest that these rising college costs have done little
to improve graduation rates or reduce educational inequities. One such com-
prehensive study, the Delta Project on Postsecondary Education Costs, Productiv-
ity and Accountability, published in 2009, concludes that over a five-year
period, the major increases in “private” financial support have failed to reduce
the growth of tuition, except at private research universities, and that,
although tuition is now covering a greater share of the costs of attending col-
lege, the proportion spent on classroom instruction is declining. Jane Well-
man, executive director of the Delta Project, has commented that in many
cases “people are paying more and arguably getting less” (Blumenstyk, 2009).
Over the period 2002-2006, each type of institution covered by the study
(public and private research universities, public and private master’s degree



Introduction: 7

universities, private bachelor’s degree colleges and public community col-
leges) increased tuition by an average of at least 12%, while at public master’s
degree and public research universities the average was about 30%. All cate-
gories except private research universities engaged in “cost shifting” from
teaching to research, administrative and service functions. At public research
universities, 92% of the tuition increases were attributable to cost shifting.
One single example will illustrate the issue. The University of Kansas is a flag-
ship state university that greatly increased its expenditure over the past
decade (Schweber, 2009), tripling its spending and raising tuition and fees by
a factor of five since 1988 in order “to compete with the best private univer-
sities”. Similar increases are reflected in the overall increase in tuition and fees
of 439% over the last 25 years, in contrast to median household income,
which increased by 147%.

Such studies provide no conclusion as to whether such cost shifting is
improper or inappropriate. What they do provide is information which allows
university leaders to raise these questions. And they should. It is time now to
reconsider expenditure patterns.

In contrast to U.S. universities, universities in some other countries, espe-
cially those of Western Europe, still offer low, or often what amounts to free,
tuition, with costs covered by government financing. Attempts to impose
even modest tuition charges of some 500 Euros led to organized student pro-
tests. In these countries, universities do not generally provide the expansive
range of collegiate facilities and services (residential, athletic, counselling,
health services and other amenities) that American students enjoy, class sizes
are generally larger, and teaching loads are substantially higher. Full professors
in German universities, for example, are expected to teach for nine hours a
week: the equivalent of two courses per semester. (Labi, 2009)

As one compares these strikingly different models of campus life, it is note-
worthy that pressure on U.S. universities to reduce “frills” and devote more
attention to “basics” is coming at the same time that many European univer-
sities are increasing private funding in order to increase just such “frills” and
services. But what continues to stand in stark contrast is the difference in
teaching expectations between the two systems. As international partner-
ships, comparisons and rankings of universities develop added significance,
the debate of the role, expectations, responsibilities and “productivity” of the
faculty is likely to become a matter of moment.

Responses to the economic downturn in European countries, where univer-
sities are heavily dependent on government funding, reflect the outcome of
varying governmental policies (Europe’s Response to Economic Crisis, 2009).
In Austria, for example, the recession is seen as an argument for the govern-
ment to discard earlier promises of increased investment in higher education.
In France, in contrast, there has been increased investment in universities,
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while in both Germany and Britain increased public investment in universi-
ties has been provided as part of a broad overall economic stimulus program.
The effect of the economic downturn on every university, from the wealth-
iest to the poorest, has been to turn our attention to rising costs, only to find
that the attention of our various publics was already there. As the economic
storm clouds gradually recede, we must not allow our attention to wander.

Institutional Changes

Changes in numbers of universities and colleges by category

In the United States, the total number of educational institutions grew from
4,096 to 4,276 over the course of the decade, with much of the increase com-
ing from for-profit institutions; the total numbers of traditional non-profit
institutions have changed relatively little over the decade. (Table 1)

Table 1

Educational Institutions 1999 2009
Public 4 year institution 615 640
Public 2 year institution 1092 1053
Private 4 year institution non-profit 1536 1534
Private 4 year institution profit 169 408
Private 2 year institution non-profit 184 113
Private 2 year institution profit 500 528
Total 4096 4276

Source: 1999-2000 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/1999/almanac.htm
2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm

For-Profit Universities and Colleges

The rapid rise of the for-profit university is one of the most striking features of
the last decade (Ruch, 2001). These businesses — for so they are — regard stu-
dents as consumers, faculty as “delivery people”, and administrators as
“bosses”, and they have developed a highly successful market strategy. Such
enterprises are not new, but their explosive growth in the last decade has
greatly expanded their influence. The major higher educational commercial
companies — the Apollo Group (University of Phoenix), Archer Education
Group, DeVry Institute of Technology, Strayer University — are publicly
traded, accredited and are eligible for Title IV federal funding. They, and sim-
ilar institutions, offer a broad range of baccalaureate, master’s and doctoral
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degrees. The University of Phoenix has almost 400,000 students and offers
typically vocational, part-time programs, taught by part-time faculty (New-
man, 2009). Hentschke has estimated (2004) that in addition to these giant
companies, each having revenues in excess of $100 million per year, there are
approximately 4,000 smaller for-profit institutions. These for-profit institu-
tions serve in a growingly important educational niche, providing instruction
attuned to local needs and employment opportunities, at a low cost generally
in rented space in shopping malls and office blocks. They are low-overhead,
high-volume educational “providers”, and their students are disproportion-
ately lower income and minority group members. Their students benefit from
an emphasis not only on job training, but also on job placement. In the decade
1990-2000 the number of for-profit institutions grew by 112% (Hentschke,
2004), and it continued to grow in the following decade. The growth of these
institutions tends to drive the price of postsecondary education closer to the
institutional cost. In 2004 the average cost of a two-semester program was
$6,940 at a for-profit institution, $17,026 at a public non-profit, and $23,063
at a private, non-profit institution. There is continuing debate over the future
role and prospects for such for-profit institutions, mostly among the more tra-
ditional proponents of higher education. They ask whether the consumer-
driven demand for services and expectation of “results for their money” may
not overwhelm the hardheaded need for consistent standards and objectivity
(Flanagan, 2002). For all these “academic” concerns, it seems likely that the
for-profit institutions will continue to play a valuable role in meeting society’s
needs for skilled workers.

Students

The broad patterns of enrolment over the decade within the various catego-
ries of institutions (Table 2) show a steady increase in overall numbers, with
notable growth in the proportion of women and a significantly greater growth
in full-time, compared with part-time, students. Although the rate of enrol-
ment growth in private institutions exceeded that in public, the private insti-
tutional share of total enrolment is still only about 25% of the total.

Perhaps the most significant change was the overall increase in enrolment

of 18- to 24-year-olds, from 29.6% in 1999 to 39.1% in 2009. (Table 3)

Demographic changes and enrolment patterns

Consider, first, broad demographic trends and changes in student enrolment
and graduation, access of various groups, such as women and underrepresented
minorities, and trends in graduate study.

In the discussion that follows, I deal chiefly with the United States, but
some of the policy implications raised by these trends and changes in the U.S.
have implications for other national educational systems.
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Table 2
Insti]j;‘:i‘(’)ﬁf‘gaﬁzgow 1999 2009 % Increase
Total 14,881,000 18,567,000 25%
Public 11,602,000 13,895,000 20%
Private 3,279,000 4,672,000 42%
Fulltime 8,449,000 11,757,000 39%
Part time 6,432,000 6,810,000 6%
Men 6,370,000 7,793,000 2%
Women 8,511,000 10,774,000 27%

Source: 1999-2000 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/1999/almanac.htm
2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm

Table 3

Enrolment % by institutional type, level of degree, sex, 2009
racial & national categories, and proportion of age group 1999 (projected)
Public 4 year institution 40% 40%
Public 2 year institution 37% 36%
Private 4 year institution 21% 23%
Private 2 year institution 2% 1%
Undergraduate 86% 86%
Graduate 12% 12%
Professional 2% 2%
Total 14,367,520 | 18,475,000
Women 55.8% 53.8%
Minority 26.2% NA
Foreign 3.2% NA
Proportion of 18-24 year olds 29.6% 39.1%

Source: 1999-2000 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/1999/almanac.htm
2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm
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Total numbers for college enrolment for 2009 are not yet available, the lat-
est available data being for 2006. If one compares these 2006 data with those
for 1996, the overall number of high school graduates has shown little change
(Chronicle Almanac, 2009), growing only by some 32,000 students to a total
of 2,692,000 (1999-2000 Almanac, 2000). Table 4 shows that, of this total,
an increased proportion of male high school graduates enrolled in college; the
percentage college enrolment of black high school graduates decreased
slightly, while the percentage of white students increased slightly; and that of
Hispanic students increased significantly, as did their overall percentage of
the total college population.

Table 4

 Hieh Sehoal Conpletons 1996 2006
Male 60.1% 65.8%
Female 69.7% 66.1%
White 67.4% 68.5%
Black 56.0% 55.5%
Hispanic 50.8% 57.9%
Total: 65.0% 66.0%

Source: Table 267. 2007. U.S. National Center for Education Statistics, Digest of Education Sta-

tistics, annual.

Projected, as opposed to actual, enrolment and graduation rates for 2009
are, however, available, and [ have used them in the tables that follow.

The overview of population trends, college enrolment and graduation rates
in U.S. colleges and universities over the decade provides some encouraging
trends, but gives a mixed picture of success between various groups.

The traditional U.S. college age cohort (18- to 24-year-olds) has under-
gone some change in overall composition.

The proportions of Asian, Black and Hispanic members within the 18- to
24-year-old population have all increased, that of American Indian members
has remained essentially stable, while the total White proportion has declined
(Table 5).

The college enrolment figures reflect these increases, and the relative
increase in enrolment of all minority groups over the decade is striking
(Table 6). The White non-Hispanic proportion of the enrolment showed a
decline, though the overall enrolment numbers increased.

World population continued to increase during the first decade of the new
millennium, though the rate of increase continued to decline, with several
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Table 5
Population 18-24 Year Olds 1999 2009
American Indian 1% 1%
Asian 4% 5%
Black 14% 15%
White 67% 62%
Hispanic 14% 17%

Source: 1999-2000 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/1999/almanac.htm
2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm

Table 6
Enrgirﬁ:itt g:oigdal 1999 2009 % Increase
American Indian 137,600 176,300 28%
Asian 828,200 1,134,400 37%
Black-non Hispanic 1,505,600 2,214,600 47%
Hispanic 1,166,100 1,882,000 61%
White-non Hispanic 10,263,900 11,495,400 12%
Nonresident Alien 466,300 584,800 25%
Total 14,367,500 17,487,500 22%

Source: 1999-2000 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/1999/almanac.htm
2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm

European nations experiencing negative growth. In contrast, many develop-
ing African countries and several wealthy Middle Eastern countries continued
to experience substantial growth (Chart 1).

Student Access

One consequence of the present economic downturn is the increased demand
for student financial aid. Some universities and colleges have been able to
increase their funding for such aid, partly by budget reallocation and partly by
targeted fundraising. Cornell, for example, has mounted a fundraising cam-
paign targeted at raising an extra $125 million for undergraduate financial aid,
to allow it to increase its existing $130 million annual aid budget.



Introduction: 13

Chart 1
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Smaller and less well-endowed colleges and universities have been less able
to support needy students, and many have had to reduce financial aid
(Blankinship, 2009).

Meanwhile, reductions in state funding for public institutions have
inflicted their own damage on financial aid, but plans for future federal fund-
ing promise to restore the value of federal financial aid.

These changes increase the financial pressures on needy students, and stu-
dent borrowing has consequently doubled in the last 10 years (Schweber, 2009).

Graduation Rates

Graduation rates provide another measure of participation in higher educa-
tion. The data show a marked difference in graduation rates between different
types of universities and colleges and also among various racial and ethnic
groups. (Table 7 and Table 8).

The “very high research activity” research universities (with a 72.8% fresh-
man graduation rate) and the total private non-profit institutions (with a
63.8% rate) had far better graduation rates than all other categories of insti-
tution. It is not clear whether this is the result of recruiting more able students,
or of more effective teaching, or other factors. But it is a feature whose impli-
cations need to be explored.

The changing enrolment pattern of various racial groups at all levels of
higher education has led to significant improvement of educational attain-
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ment by all groups in almost all degree categories. Hispanic doctoral and pro-
fessional degrees and Asian associate degrees are the exception, all exhibiting
a very slight decline. (Table 8)

The graduation rates by racial/ethnic groups continue to show striking dif-
ferences. (Table 9), with Asian students out-performing all the rest.

Table 7

6 Year Graduation Rates for Freshmen 2009
All 56.4%
Public 53.3%
Private nonprofit 63.8%
Private profit 48.2%
Res U v high res act 72.8%
Res U high res act 56.3%

Source: 2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm

Table 8
by o o+ 1999 2009
Associate Degree
Asian 7.0% 6.8%
Black 6.9% 1.7%
Hispanic 5.0% 6.2%
White (non Hisp) 8.4% 9.1%
Bachelor’s Degree
Asian 22.7% 30.4%
Black 7.5% 12.6%
Hispanic 5.9% 8.8%
White (non Hisp) 13.9% 20.2%
Master’s Degree
Asian 9.4% 13.4%
Black 4.2% 4.3%
Hispanic 2.2% 2.4%
White (non Hisp) 6.5% 7.9%




Introduction: 15

Table 8 continued

by Rocil e+ 1999 2009
Doctoral Degree

Asian 3.1% 4.1%

Black 0.3% 0.5%

Hispanic 0.5% 0.3%

White (non Hisp) 1.3% 1.4%
Professional Degree

Asian 2.7% 2.9%

Black 0.6% 0.8%

Hispanic 0.7% 0.6%

White (non Hisp) 1.7% 1.8%
TOTAL in millions: 175.2 194.3

Source: 1999-2000 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/1999/almanac.htm
2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm

Table 9
Graduation Bates by Racial/ 1996 2000
Ethnic Group
All Total 54.4% 55.9%
American Indian 36.7% 38.3%
Asian 62.6% 65.2%
Black non-Hispanic 38.2% 40.4%
Hispanic 44.8% 46.7%
White non-Hispanic 57.2% 58.8%
Race unknown 52.1% 50.5%
Nonresident Aliens 58.0% 59.3%

Source: 1999-2000 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/1999/almanac.htm
2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm
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The educational attainment of the U.S. population as a whole has also
shown significant improvement over the ten-year period. (Table 10).

Table 10
Educational Att(;;jirérlrll:;tl(e)f] f:i‘;)dult Population 1999 2009
Associate’s Degree 6.2% 7.4%
Bachelor’s Degree 13.1% 17.2%
Graduate or Professional Degree 7.2% 10.0%

Source: 1999-2000 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/1999/almanac.htm
2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm

Doctoral students

The number of doctoral degrees conferred in the decade 1999-2009 increased
by 6.8% (Table 11). The proportion of women receiving degrees grew
steadily. Black and Hispanic recipients showed significant increases, whereas
the percentage of Asian recipients declined. The largest percentage increases
occurred in the sciences and engineering, with modest declines in education
and social sciences. The overall percentage of U.S. citizens receiving doctor-
ates in all fields declined from 64.8% to 59.0%, reflecting, presumably, the
increasing numbers of international students.

Table 11
Doctoral Degrees Conferred 1999 2009
Total 42,705 45,596
Men % 58.5% 54.8%
Women % 40.6% 45.0%
Business 3% 3%
Education 15% 13%
Engineering 14% 16%
Humanities 13% 12%
Life Science 19% 21%
Physical Science 15% 16%
Social Science 16% 15%
US Citizens all fields % 64.8% 59.0%
Asian % 10.3% 5.9%
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Table 11 continued

Doctoral Degrees Conferred 1999 2009
Black % 4.8% 6.3%
Hispanic % 3.8% 5.2%
White % 77.8% 80.3%

Source: 1999-2000 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/1999/almanac.htm
2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm

Social Conditions and Employment Prospects

Within the U.S. population, social conditions showed modest improvement.
The poverty rate declined slightly, and the high school dropout rate declined
significantly (Table 12).

Tertiary education is defined as “programs designed to provide sufficient
qualifications for entry to advanced research programs and professions with
high skill requirements”. Unlike any other country except Canada among
members of the OECD, the United States has a slightly higher percentage of
“tertiary educated” individuals in the 25- to 64-year-old working population
than the percentage of the same age group working in “skilled jobs” (Chart 1).
If provision and growth of tertiary education are to be linked to particular
needs for a skilled workforce, further expansion of higher education should
then be linked to the growth in skilled jobs. Advocates for higher education
will, of course, properly argue that the purposes of higher education are far
more comprehensive than “job training”.

In all OECD countries outside North America, the proportion of skilled
jobs in the economy is markedly higher than the proportion of the working
population with tertiary education. In the Netherlands, for example, 30% of
the working population has enjoyed tertiary education, but over 50% of the

Table 12
Social Conditions 1999 2009
Per Capita Personal Income $26,412 $36,276
Poverty Rate 13.5% 12.7%
High School Grads 2,840,170 3,186,940
High School Dropout Rate 10% 7%

Source: 1999-2000 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/1999/almanac.htm
2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm
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Chart 2: Proportion of population in skilled jobs and proportion of population
with tertiary education (2006)

The chart depicts the proportion of the 25-to-64-year-old working population in skilled jobs
and the proportion of the 25-to-64-year-old population with tertiary education (2006).

B Tertiary attainment (5B, 5A/6) [[] Skilled jobs (ISCO 1-3)

Large proportions of the workforce have moved into skilled jobs in OECD countries. Along with
experience gained in working life, education provides a principal source of skills for the labour
market. In OECD countries, the proportion of skilled jobs in the economy is generally larger
than the potential supply of tertiary educated individuals. For countries in which work-based
learning is central to occupational advancement, this difference is large. A broader initial skill
base might require additional investment in higher education. In a few countries, tertiary attainment
matches or marginally exceeds the proportion of skilled jobs, so that further expansion of higher
education will to some extent depend on the growth of skilled jobs in the coming years.
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population occupies skilled jobs. The corresponding figures for Germany are
24% and 45% and for France, 26% and 42%. The increase in skilled jobs in
most OECD countries in the last decade has been matched by corresponding
increases in the participation in tertiary education. Comparison of younger
and older age groups (Chart 2) thus show striking differences in educational
attainment in most countries (though not in the U.S. and Germany). In
France, Ireland, Japan and Korea, for example, there is a difference of 25 per-
centage points in rate of participation in tertiary education between the
youngest and the oldest groups. The average participation rate in tertiary edu-
cation in OECD countries is 33% among 25- to 40-year-olds, which suggests
that overall participation rates will continue to rise.
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Chart 3: Population that has attained at least tertiary education (2006)
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On average in OECD countries, tertiary graduation rates increased by 15 per-
centage points over the 11 years between 1995 and 2006. In part these changes
reflect structural change in the duration of degree programs (OECD, 2008).

These average graduation figures reflect wide differences between OECD
member countries, however, ranging from 20% or fewer in Greece and Turkey
to more than 45% in Australia, Finland, Iceland, New Zealand and Poland.

Faculty

The composition of the faculty shows the increase of women far exceeding
that of men, as well as significant increases in recruitment of Asian and His-
panic members. In 1999, women constituted 35% of the total faculty. In 2009,
they are projected to constitute 41%. (Table 13)

The increase of overall faculty numbers of 22.7% from 1999-2009 is only
slightly less than the overall increase in the number of full-time students dur-
ing the same period, 25%, suggesting that “productivity”, whatever the precise
definition, has not markedly improved or declined.
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Table 13

Members by Race 1999 2009 Incrense
All 550,822 675,624 22.7%
Men 360,150 401,507 11.5%
Women 190,672 274,117 43.8%
Asian All 21,572 48,457 75.7%
Black All 26,835 35,458 32.1%
Hispanic All 12,942 22,818 76%
White All 468,518 527,900 12.7%
Race unknown 1,946 9,703 398.6%
Nonresident Aliens 10,853 28,057 158.5%

Source: 1999-2000 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/1999/almanac.htm
2007-2008 Almanac. The Chronicle of Higher Education.
http://chronicle.com/free/almanac/2007/almanac.htm

New Partnerships

In Europe over the last decade the Bologna process has allowed more than
40 countries to harmonize their academic calendars and degree cycles, antic-
ipating the prospect of a European Higher Education Area by 2010. The cre-
ation of this area recognizes the positive educational value of international
study in creating transferable skills and increased mobility for the graduate
work force (Labi, 2009).

In contrast, most U.S. “study abroad” programs last less than a full year and
are generally poorly integrated either into their home university’s curriculum
or into their host university’s programs.

Ceritics of the Bologna process have raised important matters of policy. For
example, the process has been criticized for encouraging “undemocratic” deci-
sion-making, for being closer in the UK-Irish model than to the traditional
continental model, for inviting “privatization” of degrees, and for making the
economic purposes of higher education more important than its traditional
scholarly purposes.

But what the Bologna process has provided is a degree of standardization and
reciprocity that has already created a new foundation for international coopera-
tion and inter-institutional partnership, as yet unthinkable in the United States,
where institutional autonomy and “academic freedom” have long been highly
prized and fiercely defended. This autonomy generally resists any pressure for
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standardization, except to the extent that the right to award degrees is recognized
by a process of regional review and accreditation. But even this relatively benign
oversight is carried out by self-perpetuating bodies of academics, rather than
appointed government officials or civil servants. Self-regulation is generally
regarded by U.S. universities as synonymous with institutional autonomy.

In the Middle East there are now several successful examples of inter-insti-
tutional partnerships. In Qatar, for example, a newly constructed campus
complex houses programs offered by Cornell in medicine, by Georgetown in
foreign studies, by Northwestern in communication and journalism, by Texas
A&M in chemical, electrical, mechanical and petroleum engineering, by Car-
negie Mellon in computing and engineering and by Virginia Commonwealth
in design. The independent programs are established and offered by faculty of
the sponsoring institutions, which also award their own degrees to successful
students. The arrangement is based upon 10-year contracts between the Qatar
Foundation and the various institutions.

King Abdullah University of Science and Technology (KAUST), in which
I must declare an interest, is the most ambitious of these international part-
nerships. It is an independently governed, coeducational, graduate level insti-
tution which will open its doors to some 360 M.S. and Ph.D. students in
September 2009. Some 85 faculty have been appointed, and the university
will offer degrees in 11 fields of study. KAUST is governed by an independent
board of trustees and supported by a multi-billion dollar endowment, and is
open to men and women from around the world. Its research and teaching are
supported by partnerships and alliances with other major universities, includ-
ing such institutions as University of California-Berkeley, Cambridge, Stan-
ford, University of Texas at Austin and Imperial College London. It has
research partnerships with a dozen or more international companies. My
friend and former Michigan colleague, Fawwaz Ulaby, will describe this
remarkable venture, in which he played a notable role (Chapter 11).

New private universities in Kuwait and elsewhere have become affiliated
with American institutions: the American University of the Middle East, for
example, is affiliated with Purdue (Mills, 2009). The American University in
Kuwait has partnered with Dartmouth in a private response to the need for
more university places in Kuwait, as the government-supported University of
Kuwait reaches capacity. More than 100 new colleges and universities are
opening in Saudi Arabia, including some that are private (Krieger, 2007).

Some established universities are also opening branch campuses in other
countries within the same region. Two Turkish universities, for example —
The Middle Eastern Technical University (ODTU) and Istanbul Technical
University (ITU) — recently announced the opening of new campuses in

Dubai, U.A.E. (Hurriyet Daily News, 2009).
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Other inter-institutional partnerships are more precisely targeted. Colum-
bia, for example, is building a network of six to eight research institutions in
capitals around the world. These Columbia Global Centers, as they are called,
are multidisciplinary in character and are intended to support faculty and stu-
dent groups in collaborating on international projects. A centre has already
opened in Beijing and others are planned for Paris and either Mumbai or
Delhi (Labi, 2009). These centres will engage local universities, agencies and
other organizations in international partnerships.

Even as such new international programs are being created, financial con-
straints have led to the closure of others. George Mason University will close its
branch campus in the United Arab Emirates this year after financial, construc-
tion and recruitment difficulties (Mills, 2008). Its original plans were to establish
a 2,000-student branch campus offering courses taught by George Mason faculty
members and leading to a George Mason degree. The University of Illinois also
has significantly reduced its ambitious “global campus” program (Labi, 2009).

Meanwhile, other international partnerships are taking root, including one
in Dubai with Michigan State University and another in Abu Dhabi with
New York University and MIT (Krieger, 2008). Abu Dhabi is also supporting
an MBA program offered by INSEAD and a graduate program in public health
sponsored by Johns Hopkins.

Increasingly, new international partnerships seem likely to rely on virtual
networks, such as that developed in 2008 by the U.S. Agency for Interna-
tional Development (Lindow, 2008) in partnership with African universities.
The Africa Education Commons, as it is called, is designed to promote coop-
eration between American and African institutions on projects involving
education, economic development, food and health.

At least a dozen new Islamic universities have been opened in Sub-Saharan
African countries in the last decade, sponsored and financed, in part, by char-
itable Muslim initiatives and foundations in other countries.

In India, foreign universities are not permitted to offer independent pro-
grams, but at least 130 foreign academic institutions (including 66 American
and 59 British) have created partnerships with local, mostly private, unac-
credited Indian institutions. Typically, the Indian institutions offer the first
two years of instruction and the students then proceed to study on the foreign
campus, from which they receive their degrees. These and similar arrange-
ments have proved profitable revenue sources both for foreign partner univer-
sities and for investors in the Indian institutions. Western Michigan Univer-
sity, Purdue at Calumet, Marshall, and Union College have all participated in
these partnerships, as has North Dakota State, which also has partnership pro-
grams in Sri Lanka, Malaysia and Thailand (Neelakantan, 2008).

Peking University has recently established a Joint Institute for Social Sci-
ences with the University of Michigan and has an active partnership in ger-
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ontology, social work and policy planning with the University of Southern
California (Hvistendahl, 2009).

The U.S. Department of Energy announced in 2007 a new partnership in
bioenergy, involving the collaboration of 18 universities, seven national lab-
oratories and several corporate partners in constructing three new research
centres on bioenergy, each of which will receive $125 million.

Such international partnerships in both teaching and research seem likely
to become more frequent, providing the benefits of pooled knowledge in
addressing major regional needs and social concerns.

Governance and Management

Each of the areas of higher education we have reviewed — finances, institu-
tions, students, faculty and partnerships — has undergone significant changes
during the course of the last decade. In one major area, however, there has
been almost no change: institutional governance and management. This sta-
bility is cause for satisfaction because governance by public-spirited lay boards,
with the responsibility and authority for the conduct of academic affairs delib-
erately delegated to the faculties, has served universities well over the centu-
ries. It has brought tangible benefits, not only to the universities and all their
members, but also to the societies that support them.

The administrative pattern of internal management and institutional lead-
ership has, however, been less effective. A decade after the expansive opti-
mism of the new millennium and high aspirations of Glion I, the current eco-
nomic downturn has affected all segments of society. Few universities appear
to be dealing decisively and effectively with the grave financial difficulties
that have arisen over the past year and continue to confront them.

The current economic crisis will require all universities to accommodate
the new financial realities. And this will place a premium on effective gover-
nance and courageous leadership. The typical response to reduced income has
been to distribute the impact by across-the-board budget reductions. Hiring
freezes, salary cuts and construction caps are typically part of this avoidance-
approach. It is thought to avoid even more painful choices; it limits faculty
complaint, it reduces student uproar, it avoids confrontation and it “does the
job”. It produces a new balanced budget. It also sidesteps the most serious
structural problems, it ignores inherent inequalities, it neglects differing con-
tributions, it overlooks relative importance and meaningful priorities. Far
from “doing the job”, it may diminish the institution’s capacity to pursue its
longer-term goals. It represents, in short, an abdication of responsibility.

The alternative course is to use “financial exigencies” to make informed,
though often difficult, choices and to do so in a way that promotes the long-
term well-being of the institution. In the absence of major new sources of rev-
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enue over the next few years, choices will need to be made, and success will
belong to those institutions whose boards and leaders are bold enough to make
them deliberately and courageously.

PROSPICE

Adversity as Opportunity

I have attempted to give a thumbnail sketch of the development of higher
education over the last decade. The changes that have taken place in both the
United States and in Europe have been significant: in the former case they
reflect much less central planning and coordination than in the latter, though
some of the overall results are not dissimilar.

As we face the new decade, it seems increasingly probable that real economic
recovery will be slow and that financial constraints may be a longer-term feature
of higher education than we would have wished. We live in the anomalous sit-
uation where universities both compete for and contribute to the generation of
public funding and private support. This is especially true because at the close
of the first decade of the new millennium, we face a daunting range of social
challenges, ranging from climate change to water management, from recession
to deforestation and soil depletion, from poverty to epidemics, from energy to
agricultural production. Serious as each is, and daunting as all are collectively,
none can begin to be addressed without the skills embodied and practised
within the universities, and without the particular blend of creativity and reflec-
tion which are the distinctive products of our institutions.

In this situation, it seems to me useful to consider together three broad pol-
icy questions:

¢ In financial terms, are we becoming so expensive in relation to other
social needs that we jeopardize our own support?

® |n educational terms, how can we become better in what we do?

¢ In societal terms, how can we be more useful to society in the vast
range of services we provide?

These are large, difficult and controversial questions, and there may well be
so many differences among our many institutions and systems that no com-
mon answers are possible. Yet to fail to address these questions would be to
deny the very critical study universities exist to promote. To address them
courageously could lead to innovation, and perhaps even to radical change.

Consider first, then, the difficult and controversial question of costs.
Former U.S. Education Secretary Margaret Spellings, commenting on the
report of the Commission on the Future of Higher Education, has declared:

Our universities are known as the best in the world. And a lot of people will tell you
things are going just fine. But when 90% of the fastest-growing jobs require postsecond-
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ary education, are we satisfied with “just fine?” Is it “fine” that college tuition has out-
paced inflation, family income, even doubling the cost of health care? Is it “fine” that
only hdlf of our students graduate on time? Is it “fine” that students often graduate so
saddled with debt they can’t buy a home or start a family? None of this seems “fine” to
me. Not as a policy maker, not as a taxpayer, and certainly not as the mother of a college
sophomore (Rhodes, 2006).

Jared Diamond, whose best-selling book Collapse: How Societies Choose to
Fail or Survive, published at mid-decade, used comparative historical methods
to explore the decline and collapse of societies, concluded that the root prob-
lem leading to collapse was overpopulation and thus, exhaustion of the carry-
ing capacity of the environment.

Diamond’s analysis made it clear that it was important to distinguish bio-
logical survival from cultural survival. Societies can have the most admirable
cultural values — love of freedom, peace and democratic rights, for exam-
ple — but still become extinct.

It seems to me we face comparable challenges in our present situation. We
can still embrace admirable academic values, defend academic freedom, insist
on institutional autonomy, maintain the societal benefits and personal
rewards of creative scholarship, liberal education and professional training,
but if our appetite for funding overwhelms the carrying capacity of our envi-
ronment, we, too, may be headed for decline. One has to ask whether we may
now be approaching such a point in some of our best universities and colleges.
In state after state, food programs for the hungry, health care for the sick, and
public services to communities are now being reduced to the point of real
hardship. It may be that society will no longer choose to support institutions
where the total annual cost of tuition, room and board amounts to as much as
$60,000 for an undergraduate student. If one regards the student as being in
residence on the campus for 30 weeks of the year, that tuition, room and board
would amount to $2,000 per week of residential instruction, or a total cost to
the student of some $167 per hour of instruction. It will be argued, of course,
that these are crude estimates and that they conceal many hidden factors. No
doubt they do, but we must be willing to explain the subtleties and complex-
ities of the fundamental issues they involve. We must also be ready, I think,
to explain why we are constantly appealing for donor support in order to allow
us to give full financial aid to students when, in some cases, their families are
earning as much as $180,000 a year.

[t is easy, of course, to reply that academic excellence is expensive. But does
excellence accept any bounds to its appetite, or does it require unlimited sup-
port to pursue unlimited aims by unlimited methods? I submit that this Glion
group is one of the few that has the ability to look at the larger financial pic-
ture and to talk in a collegial way about some of the practical funding issues
that this theoretical question raises.
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Let me explain what I mean. Schweber (2009) has described the University
of Wisconsin at Madison as having 30,000 undergraduates, who can choose
from among 161 majors and 35 certificate programs. But, in addition to this
huge undergraduate program, in 2005 the university employed 9,100 in uni-
versity research programs, had partnerships with 218 companies and gener-
ated $764 million in research-related revenue for the state of Wisconsin. It
also consumed half of the state’s appropriation for higher education. Now
Waisconsin has 12 other public universities and colleges, enrolling some
175,000 students. The success of Madison in generating research revenue,
Schweber argues, comes chiefly from the natural sciences, and he asks
whether these should be favoured and supported at the expense of other areas.
Even to raise such a question will be regarded as heresy, or even blasphemy,
within the academic community. But if, as now seems possible, the financial
stress within the universities is not simply a short-term phenomenon, we shall
have to confront just such painful questions.

Of course, costs cannot be separated from the pattern and scope of instruc-
tion. In instructional terms, we have to ask the question “How much is
enough?” For example, how many courses are required to provide a satisfactory
range of choices for an undergraduate program in a contemporary English
Department? Should it be 50, or should it be 100, or should it be 200? How
many graduate courses are necessary! How many courses, do you suppose, a
large English Department offers each year?

At one vy League university it is 140 undergraduate courses and 35 gradu-
ate courses. At a large Big Ten university it is 153 undergraduate courses. The
numbers [ have quoted are not necessarily unreasonable, and we must ask the
same questions for every discipline, from psychology to civil engineering.
What is needed is to confront the question.

Also, in instructional terms — how many faculty members are necessary to
provide a balanced undergraduate and graduate program, not only for under-
graduate majors, but also for those students in general education? For example,
the chemistry department at one large state university in California has
111 faculty members and graduated 1,000 majors last year. Other science
departments graduate fewer baccalaureate students each year than they have
faculty members. What is the appropriate faculty-student ratio?

In professional and personal terms, we need to ask comparable questions
about cost. Why is it, for example, that teaching loads at the nation’s leading
universities have declined from an average of two per semester, when some
people here were active faculty members, to one per semester now? Has some-
thing changed? Has research productivity, for example, become strikingly
higher? Has teaching notably improved? Why in Europe do professors teach
roughly twice as many weekly credit and contact hours as those at leading uni-
versities in the United States? These are painful questions and ones that we
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should discuss, if they are to be discussed at all, in a gathering such as this,
rather than have others discuss them for us.

In institutional terms, we have to ask: “Must a university take in every
aspect of human knowledge and of human interest in order to pursue excel-
lence? For example, is Princeton an inferior university because it chooses not
to have a medical school and has decided not to include a law school? Is
CalTech a lesser university than, say, UC-Berkeley, because it chooses to be
less comprehensive? Is Chicago a lesser institution than, say, the University of
Illinois because it is highly selective in the range of programs it offers?”

Some will argue that if particular universities have already embraced a com-
prehensive mission, it is too late to change. That has particular relevance, of
course, in the case of land grant universities, which were created on the
assumption of breadth in certain areas. It is not, however, the case in most
universities. The question of the growingly expansive offerings of many uni-
versities is one that we need to address. Are there any bounds to institutional
aspirations to provide the most comprehensive knowledge?

The voices of academic leaders have been strangely muted concerning these
major choices. An honourable exception is Mark Yudof, president of the Uni-
versity of California (Hebel, 2009). Yudof asks whether new models of financing
and operating the great public research universities should be developed. He
argues that it is vital for the U.S. to invest in human capital, because that is the
essence of economic and competitive advantage for the United States. He asks
whether radical review of our current “delivery model” and our method of con-
ducting research is not now urgently needed. Of our delivery model he con-
cludes “it’s awfully expensive because it’s so hands-on. It works. It’s great quality.
But can we deliver a high quality education with a higher student-faculty ratio?
Can we shorten up the time to degree?...We need to look at the delivery system,
and we need the faculty to look at it because they’re the experts.” He also argues
that if we are to build our research capacity and nurture those who can both cre-
ate and convey knowledge, we need some measure of research productivity.

A few of our faculty colleagues have argued for just such a “paradigm-shift”,
its urgency sharpened by the present financial stress, together with widespread
hiring freezes and layoffs.

“End the University as We Know It”, reads the title of an op-ed article in
the New York Times (27 April 2009) by Mark Taylor, chairman of the religion
department at Columbia. “Graduate education is the Detroit of higher learn-
ing,” he concluded. “Most graduate programs... produce a product for which
there is no market, and develop skills for which there is diminishing
demand... all at a rapidly rising cost... The dirty secret of higher education is
that without underpaid graduate students to help in laboratories and teaching,
universities couldn’t conduct research or even instruct their growing under-
graduate populations.”
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Among the radical remedies proposed by Taylor to address this “crisis” were
the abolition of permanent departments, the imposition of mandatory retire-
ment and the abolition of tenure. These remedies will commend themselves
to few within the academic community, but we need to consider responsible
alternatives. And we should honour those who are bold enough to confront
our present situation.

Perhaps the greatest service that the Glion gathering could perform is to
use our experiences in different educational settings to grapple with some of
these larger issues, and so make some meaningful proposals. To do so at this
moment would be particularly appropriate. In almost every area of society,
recalibration is presently taking place because of our current economic dis-
tress. If it is true that “sweet are the uses of adversity”, we should use our
present adversity creatively, not passively, or carelessly. With bold and
thoughtful leadership, universities can emerge stronger from the present eco-
nomic turmoil and can better serve society.

But education has never owed its success only to money. Excellence may be
present even in the most Spartan classroom; imagination may blossom even
in the poorest place, though the increasing sophistication of the equipment
required to translate discoveries into designs and convert insights into bene-
fits makes that less and less likely in science and technology. But whatever the
outcome of the debate over costs, there is a second question that we in the
academy must confront: How can we do better with what we have in what we
choose to do? How, given the already vast resources that we enjoy, can we be
more effective in our chosen role of teaching, research and service to society?

Part of the answer to that question involves the proportion of the popula-
tion served by our universities and colleges. Listen again to former Education
Secretary Margaret Spellings: “... times have changed. Nearly two-thirds of
all high-growth, high-wage jobs created in the next decade will require a col-
lege degree, a degree only one-third of Americans have. Where we once were
leaders, now other nations educate more of their young adults, to more-
advanced levels than we do.”

I believe we have to address the issue raised by Ms. Spellings. Should the
student population continue to rise as a percentage of the college age group?
What should society set as its goal? Should it be roughly 50% of the college
age group, which it now is in the U.S.? Or should it, perhaps, be 75%, or even
100%? Can everyone benefit from some college experience? Can society ben-
efit from everyone attending college? And what should be the distribution
among types of institutions? What do universities themselves have to say on
this particular issue? What should we, as a Colloquium, conclude? In the end,
who decides? Is it the marketplace? Is it elected officials? Is it the universities?

Performing better with what we already have also involves the richness of
the student experience. Some of our universities — those centres of creativity
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and agents of discovery — are now becoming so compartmentalized and sub-
divided that the common discourse on which both learning and discovery
depend is constrained and inhibited. How best can we liberate the departmen-
talized mental energy and segregated creative power of our institutions? What
were once bold experimental teaching styles, creative alternative learning
modes and common course initiatives have, in far too many institutions,
fallen victim to competing interests and become casualties to disciplinary pro-
tectionism. How can we rekindle the light of common learning in our increas-
ingly specialized institutions; how can we demonstrate anew the unique ben-
efits of the community of learning in addressing the needs of society?

These are matters not only of style, but far more of substance. Perhaps col-
legiality, like youth, is never what it once was, but the fragmentation of the
curriculum and the atomization of research make it increasingly challenging
to comprehend, still more to address, the great overarching social issues of our
time, from climate change to poverty, that sprawl across the guarded bound-
aries of our disciplinary territories.

This fragmentation is reflected in the change in student attitudes over the
recent decades. Since the 1970s, for example, the percentage of freshman stu-
dents saying they desire to develop a meaningful philosophy of life has plum-
meted from 86% to 45%, while those who express enthusiasm for cleaning up
the environment has waned by half to 20% (Rhodes, 2006).

There is one other aspect of quality that is related to the costs of our activity
and the levels of our tuition. The public understands that higher education is
not a production-line activity but instead reflects the individuality that lies at
the heart of the best teacher-student relationships. But there seems also to be
a nagging public concern about what appears to be a decline in commitment
to teaching, an increasing proportion of our students taking more than four
years to graduate, and a growing emphasis on the part of institutions on buying
the brightest freshman students with merit awards. These concerns have been
forcefully articulated in several recent independent reports, and they have
reinforced the calls for “standards”, “quality controls”, published graduation
rates, and broader transparency.

These calls for accountability have been echoed by some employers, who
have criticized the lack of critical ability in recent graduates. No simple tests
can measure the quality of our “output”, but we need to take seriously the
increasing public concerns for quality and accountability. If we in higher edu-
cation are unwilling to address quality and performance, others, less qualified
— the federal or state governments, for instance — may do it for us. That
would not be good, either for our universities, or for our students. We should
be prepared to demonstrate our performance by criteria, preferably of our own
choosing, which are themselves open to scrutiny.
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In the urgent priority we must devote to matters of great financial conse-
quence, who is to speak to these no less-consequential questions of substance,
scope and effectiveness? Who better than this group here in Glion? How, I
ask, can we become better — much better — in what we already choose to do?
How can we harness our now segregated talent into a common discourse that
will enliven everything we do and enrich everything we study?

And then the final question: How can we better serve society in the vast
range of services we provide? From medical services to food production, from
education to industry, from art to government, from energy supplies to envi-
ronmental systems, universities already provide essential public service, sup-
plying professional practitioners, providing scholarship, research and develop-
ment, and educating enlightened citizens and discerning leaders in every field.
But is there any way we can more effectively tap the universities’ great reser-
voirs of learning and expertise to grapple with some of society’s macro-prob-
lems: say, failing schools, or the HIV-Aids epidemic, or sustainable agriculture
or renewable resources or alternative energy sources! We have federal grants
and industrial partnerships for well-defined projects. What we lack is some
substantial articulation of our national and international expertise to broader
issues of society. Even to ask the question is to contemplate the difficulty, per-
haps even the impossibility, of the task.

There is, perhaps, one model that is worth consideration. In 1862, at the
height of the American Civil War, or the War Between the States, Abraham
Lincoln signed into law the Morrill Act, which granted to each state federal
lands, which could be either developed or sold to raise funds for the creation
and endowment of land grant universities to equip the nation to respond to
the social and agricultural upheavals of the Industrial Revolution. These insti-
tutions were to provide a broad education in “agriculture and the mechanic
arts... in order to promote the liberal and practical education of the industrial
classes in the several pursuits and professions of life.” This practical aspect of
higher education was seen as supplementing the historic offerings of earlier
colleges and universities. The mission of these land grant universities was
expanded by the Hatch Act of 1887 to establish agricultural experiment sta-
tions and by the Smith-Lever Act of 1914 to create an extension service, by
which the results of these “agricultural experiments” and new agricultural
skills could be carried to farmers and homemakers in rural areas of every
county in the country by “cooperative extension” agents, whose work was sup-
ported by both state and federal funds.

The work of these land grant universities transformed the nation, providing
the foundation for the agricultural revolution that made the United States the
major food supplier to the world and providing new graduates, new knowledge
and new impetus to every area of national life. The universities that Lincoln
created now account for 25% of all the nation’s baccalaureate graduates and
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60% of the doctorates. Can we devise some larger “extension system” that will
create the same beneficial impact for the age in which we now live?

These questions of cost, performance and public service are fundamental to
our universities. Should we not grasp the financial adversity that now con-
fronts all our institutions, indeed all our nations, as an opportunity to address
the most profound social problems that confront our world? Can we use our
present constraints to think anew, not only of our costs, but also of our perfor-
mance and our contribution to society?

Some will respond that the problems are too complex, that our resources
are too modest, that other tasks are too pressing. But listen again to Lincoln:
“The dogmas of the quiet past are inadequate to the stormy present. The occa-
sion is piled high with difficulty, and we must rise to the occasion. As our case
is new, so must we think anew.”

This symposium is devoted to “thinking anew,” to innovation. Can we and
our graduates rise to Lincoln’s challenge, as did his countrymen 147 years ago?
To address that question, to devise a new, workable model, might be the great-
est innovation of all.

Universities existed throughout most of the last millennium, as they will,
trust, exist through this. The crucial question is how effectively their work and
their graduates can contribute to the momentous challenges that now con-
front the world’s peoples. And that will depend in large measure on the cre-
ativity and boldness of those entrusted with the leadership of our institutions.
If ever there was a need for innovation, it is here, within our own universities.
Only then can they make a proportionate contribution to creating an innova-
tion-driven society.
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CHAPTER

The Next decade,
a Challenge for technological

and societal Innovations

Luc Weber

“Itis not the strongest of the species that survive, nor the most intelligent, but the one
most responsive to change.” Charles Darwin

PREAMBLE
ﬁ bout 25 years ago, the world entered a period that we can call —

although it is not brutal or quasi-instantaneous, but progressive — a
revolution, which is rooted in political and economic, as well as sci-
entific and technological forces. This revolution has brought increasing pros-
perity to the developed world and allowed many other countries not only to
take off, but also to become economic partners on an equal footing. Today, the
same world is fighting one of its worst financial and economic crises. The
political, social and economic impacts of both events are deep and will, we
believe, contribute to changing dramatically the face of the world over the
decades to come. But this crisis offers a great opportunity to leaders in govern-
ments and business, as well as to researchers and other intellectuals, to make
the world better than it would have been if recent trends had continued.
Since the Renaissance, the main aspiration of populations has clearly been
to find a better life than their ancestors, that is a better standard of living,
greater security and less uncertainty, better health standards, more enriching
professional activity and, for many, to live in a society that is more just and is
based on ethical values. In other words, people desire economic development,
that is economic growth plus something which, together with growth, con-

37



38 Part I: General Discussion of Innovation

tributes to prosperity and well-being. This burst of prosperity is very positive
for humanity. However, and the crisis has reminded us of this in a dramatic
fashion, it has become increasingly important to make sure that the develop-
ment is globally sustainable, that is politically, socially, environmentally and
economically sustainable; neither should we forget the many other very trou-
bling situations, such as conflicts, poverty and disease, around the world
(Weber, 2008).

The roots of the current revolution and of the crisis are to be found in var-
ious powerful and interdependent forces that will be briefly identified and
described. But one force of particular interest to us in this chapter is innova-
tion. Innovation can be roughly defined as a new way of doing something: a
new product or service, a new process to produce and/or deliver it, or a new
organization. Innovation implies change, in order to take full advantage of
existing knowledge. In their own jargon, economists are using the concept of
the technology frontier, which, in order to encompass societal innovations,
should be broadened to technological and organizational frontiers, organiza-
tional being used here to focus both on structures (static) and processes
(dynamic). In a static environment, innovation depends on the implementa-
tion of existing knowledge that defines the technological and organizational
frontier. In a dynamic world, it is possible to push this frontier out thanks to
research and to the development of human capital through education. How-
ever promising they are, many discoveries and inventions made possible by
research may remain unexploited. Innovation is the art of turning them into
a reality.

This first contribution on the topic of the colloquium “Innovation and the
Research University” is meant to convey three messages, which will be exposed
and developed in two sections and a first conclusion:

e Knowledge and innovation are key to a sustainable prosperity for
mankind.

e The frontier to human prosperity depends in fact on hard and life sci-
ences, as well as on innovative technologies, but also increasingly on
what we shall call societal sciences, that is on social sciences and
humanities, and on social innovations that can be derived from them.

¢ And, by way of conclusion, the responsibility of science policy and uni-
versities to create the right environment to encourage social sciences
and humanities to play fully the role expected of them in today’s world.

THE REVOLUTION OF THE LAST 25 YEARS AND ITS CAUSES

Since World War I, and in particular during the last quarter-century, the
world has experienced profound changes, which will certainly be considered
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as a real revolution by economic historians a few decades from now. The ori-
gin of this revolution whose impact is as important as the French political rev-
olution at the end of the 18th and the industrial revolution in the late 18th
and early 19th centuries, is to be found in the growing economic, military and
scientific supremacy of the United States after World War Il and accelerating
scientific and technological progress, notably in information and communica-
tions technologies, as well as in life sciences. Another key factor was the pro-
gressive liberalization of world trade and the creation, in 1957, of the Euro-
pean Common Market, which became the European Union in 1993. The full
potential of these various events was unleashed with the fall of the Berlin wall
20 years ago, and the following implosion of USSR that marked the end of the
Cold War. Without any immediate impact, the slow opening of China in the
early 1970s — the so-called “ping pong” diplomacy of April 1971 — that fol-
lowed the catastrophic Cultural Revolution, now has immense consequences
for the world. And, when examining these events, we should also keep in
mind that the world’s population has been growing at an increasingly faster
rate since the beginning of the 19th century, increasing relatively recently by
1 billion people every 12 years to reach 6.8 billion today, whereas the first bil-
lion was reached only 200 years ago.

Today’s world is not only globalized, but is the witness of the emergence of
gigantic, new economic powers, mainly in Asia, but also in Latin America,
which have become part of the global supply chain for services and manufac-
turing. One of the most important impacts of these developments is that the
standard of living has increased considerably, not only in the “Old World” of
Northern America, Europe, Oceania and Japan, but also in many countries in
Asia, Latin America and the Arabian Peninsula. Furthermore, we are witness-
ing the emergence of new economic superpowers, in particular, but not only,
China and India. Economic activity is moving globally and quickly, which
requires the majority of world citizens to run faster in order to stay in place
(Friedman, 2005). In other words, the world has become increasingly compet-
itive: there is competition to maintain market positions and to gain new mar-
kets, to attract economic activities (industrial and services) and for cheap pro-
duction locations, for cheap natural resources and energy, and for financial
capital, as well as for well educated and experienced human resources (brains).

There are basically two opposite responses to competition. One is to try
avoiding it by embracing a protectionist attitude at country or business levels.
But there is a price to pay: the gains of trade are not fully exploited and the
allocation of resources is not optimal; moreover, considering the forces of
competition, such an attitude cannot last forever and the “wake-up call”
might be painful. The alternative and positive attitude is on the contrary, to
increase competitiveness! For firms and public organizations, this implies
minimizing the cost of bringing goods and services to the potential consumers/
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beneficiaries, while responding to their changing needs and taste and reacting
to the supply of competitors or acting as if the competition was high. For gov-
ernments and nonprofit voluntary organizations, it means creating a good
environment for citizens and firms.

Knowledge creation and dissemination, as well as innovation, are keys to
promoting competitiveness. Economists working on growth theory and/or
human capital development have shown two important, strongly related phe-
nomena. First, knowledge, which is embedded in human capital and created
by research, has become a means of production as important as labour and cap-
ital (see for ex. Atkinson, 1983, or Psacharopoulos & Woodhall, 1985). Inno-
vation, which is drawn more or less successfully from knowledge and the
changes it implies, is the engine of growth. Second, innovation is all the more
indispensable for a country the closer the country is to the “technology and
organizational frontier” (Aghion & Cohen, 2004). Indeed, countries that are
still far from the technology and organizational frontier can use the technol-
ogies developed in more advanced countries, whereas countries that are near
the frontier are bound not only to innovate, but to push the frontier out
thanks to research and better education. In other words, scientific progress
and education are the best sources of new solutions to contribute to prosperity;
however, it is a necessary, but not a sufficient condition for further progress,
because potential advances have to be correctly implemented by business
leaders and governments.

It is necessary to put scientific progress and its applications, technological
or other, into perspective. They have indeed contributed to many good
changes, but also to negative ones, and also to changes that appear difficult to
categorize as either good and bad, notably as this might depend on the utiliza-
tion made or even the point of view of the observer. Among the positive
aspects, we note the rapid increase of the global standard of living and devel-
opment of many traditionally underdeveloped countries. Moreover, knowl-
edge societies mean better education, more interesting jobs, longer lifespans,
less vulnerability to illness and poverty and a more enriching societal environ-
ment.

However, economic development, combined with a fast-growing popula-
tion, has in particular provoked an over-utilization of non-renewable
resources and has serious environmental consequences. It has also increased
the income disparity between rich and poor countries and between individu-
als within countries. One cannot avoid also reflecting on the absurd contrast
between the consumption pattern of the well-off in rich countries and those
of the poor, in poor as well as in rich countries. No doubt these huge inequal-
ities are giving birth to political instability and to terrorism. Finally, globaliza-
tion is pushing firms to become global and gigantic and to be more concerned
by value for shareholders than by citizens-consumers’ real interest. Yet, huge
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firms are notably less innovative than smaller ones and are exaggeratedly
driven by markets shares and profits, largely in response to the short-term
requirements of financial markets.

In addition to that, even if it not necessarily a direct cause of economic
development and of globalization, the world is suffering from many problems
for which there are no apparent solutions or which are even deteriorating fur-
ther. There are still many dictatorial and corrupt or unstable political regimes
(mainly, but not only, in Africa), some of them posing a threat (e.g. North
Korea), local tensions and wars (e.g. in the Middle East). Intercultural-ethnic-
religious tensions are also growing, which are the source of great misunder-
standing and of open or hidden conflicts, and this can also give additional
roots to terrorism. Hunger is far from being eliminated and could even spread
further. Pure water, as well as agricultural land, is becoming scarce, or is even
used to cultivate cereals for producing alternative fuels to oil. Many chronic
diseases like malaria are far from being eradicated and viruses are dangerously
mutating, increasing the fear of a devastating pandemic. On the education
front, even today many youngsters do not have access to basic schooling, let
alone professional or tertiary education.

Last, but not least, the emergence of new economic powers is contributing
very strongly to a displacement of the production of goods and services from
developed countries to low salary countries with a high reservoir of workers
(East Europe, China and India, Brazil and others). But, most importantly,
many of these countries do not restrict themselves to producing low tech
— low-quality products with a technology borrowed from developed coun-
tries — but invest heavily in human capital in order to be able to innovate,
contrary to what was considered the right policy not very long ago. Consider-
ing the size of their populations, their eagerness to increase their standard of
living and their capacity for change, it is understandable that the old world is
worried about its own competitiveness, all the more so as its populations is
ageing and about to diminish and given that their well developed social secu-
rity systems are not only costly, but also reducing the willingness to work and
to invest — on the whole impeding economic dynamism. Following Paul
Kennedy (1989), one can even wonder if the old world is not going to lose its
knowledge and economic supremacies in the quarter-century to come.

THE FINANCIAL AND ECONOMIC CRISIS

The above developments were focused at the trend over many decades. But
today, most if not all the attention is focused on the financial and economic
crisis that is deeply affecting the whole world. The banking (and insurance)
system has suffered a destruction of capital estimated by the Economist (2009)
at three trillion dollars, due to wrong economic policies, insufficient regula-
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tion and exaggerated usage of new financial products and the cupidity of a few
thousand bankers, financiers and traders who had lost their sense of reality
and ethical values. Inevitably, the destruction of wealth and reduction of
income in the financial sector have directly affected the real economy. Indus-
trial production and international trade diminished dramatically in the last
quarter of 2008 and first quarter of 2009, contributing to the generalization of
the crisis. This extraordinary situation condemned central banks and govern-
ments to take strong and extraordinary measures to save what could still be
saved in the financial sector, to provide huge amounts of liquidity to respond
to some of the absolute basic borrowing requirements of the economy, to sup-
port other sectors of the economy on the edge of collapsing, in particular the
U.S. car industry, and to compensate for the insufficient private demand to
avoid a terrible surge of unemployment and enterprise failures.
Policy-makers in central banks and governments benefited greatly from
macroeconomic theories developed since the 1930s and implemented Keyne-
sian and monetary instruments with a scope and intensity that were unimag-
inable a year before. Thanks to these measures, the heavyweight countries
that have a real impact on the world economy, in particular the United States,
the United Kingdom and China, prevented the collapse of the world econ-
omy. Today, the free fall of the economy has been stopped and there are signs
of a timid recovery. But what the situation will be in six months, two, five or
ten years is very hard to predict. In the short term, that is one to two years —
the prediction capacity of econometric models has been reduced because they
are based on a econometric representation of the economy over the past
20 years or more, which obviously does not include such a deep crisis. More-
over, the crisis was so serious and the measures so dramatic that we can expect
that it will take a couple of years before the world economy finds itself again
in a situation that can be considered normal. Probably the biggest challenge
ahead will be to reduce the exploding budget deficit (expected to reach
12-13% of GNP in the United States and United Kingdom in 2009) and to
control the upsurge of public debt. In the worst case, a few traditionally fragile
countries could default unless supported by the IMF or other organizations.
And a country like the United States, which is far too big to be supported, will
have to pay very attractive interest rates to convince its traditional creditor
countries, China and Japan, to continue buying state bonds. Moreover, almost
all other countries will have to decrease expenditures and increases taxes. This
will contribute to slowing down the recovery, not to speak of the negative
consequences of reduced public expenditures. Many observers also believe
that the dollar will fall as creditor countries will increasingly diversify their
holdings in favour of other currencies and because, for the United States, it is
an attractive policy to increase competitiveness and decrease the real value of
the debt. And, if by any chance, the recovery is stronger than expected, there
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is also a risk that demand exceeds potential output, which would induce infla-
tionary pressures. The policies implemented by the central banks are raising
similar threats: higher inflation is unavoidable if they do not withdraw a large
part of the additional liquidities they put into the system or if they continue
to conduct a policy of cheap money.

OLD VS. NEW WORLDS

Last but not least, it is time to differentiate the long-term developments
between different regions of the world, more precisely to look at the specific
situation of the old world facing the emergence of new gigantic economic
powers. Indeed, the old world is increasingly challenged, not to say threat-
ened, by the emerging countries that not only have a competitive hedge to
produce low technology products thanks to their immense reservoir of cheap
labour, but are increasingly capable of innovating and producing high-tech
products thanks to a huge effort in education and research. More and more
countries are realizing that the “Chinese” model, characterized by a voluntary
effort to develop a knowledge society thanks to huge investments in education
and research on top of an abundant and relatively cheap labour force, is paying
dividends. This strategy of forcing the development of the knowledge society,
although the country could satisfy itself in taking advantage of great masses of
still cheap labour, is now being imitated by many other countries in Asia, as
well as in Latin America and in some Arabic countries. In other words, these
countries are imitating the occidental model of good education and research
that contributed so much to the prosperity of North America and Europe.
This is also the same old world that promoted free trade for industrial products
and which is now faced with the fact that most of the mass industrial produc-
tion has deserted their lands. Economists have always agreed that these
changes of structure are part of the growth process, but originally, these
changes would take place within the country (jobs lost in one industry were
replaced by jobs created in another industry in the same country). But, today,
the new jobs are created in neighbouring countries and most often in another
part of the world. The old world is condemned to produce very sophisticated
or exclusive (luxuries) industrial products and to develop the service indus-
tries like banking, insurance, trading, consultancy, where it has still a compet-
itive hedge.

THE IMPORTANCE AND SCOPE OF INNOVATION

As observed above, knowledge creation and dissemination, as well as innova-
tion, are playing a key role in the wide-ranging revolution that is deeply trans-
forming the world. In particular, it explains why the development of countries
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like China and India is so rapid and why the old world, with its decreasing,
ageing and well paid population, must more than ever count on knowledge
and innovation to secure its high standard of living. We believe that the sud-
den and deep financial and economic crises will not modify the situation. On
the contrary, the fight to keep the economy moving and very soon to absorb
the long-term negative consequences of all the strong measures that have been
taken will even reinforce the pressures to develop new knowledge and innova-
tion. More than that, some aspect of the roots of the crisis will — or at least
should — be the object of deep reforms; the post-crisis era should give a much
greater importance to government regulation and to the respect of professional
and ethical values; moreover, stakeholder value should be an objective for
firms as important as shareholders’ value. This is in particular the aim of the
United Nations Global Compact about Corporate Citizenship in the World
Economy. The ultimate aim should be to promote global sustainability, that
is a development that can last economically, politically, socially and environ-
mentally (Weber, 2008) and in which the citizen-consumer is the ultimate
aim of economic activity, the producer being only a means to this end.

The number of objects that deserve great attention if one is really con-
cerned with improving the state of the world is impressive. The World Eco-
nomic Forum has recently worked on it by setting up approximately 70 coun-
cils of experts to address the most important challenges facing the world in a
collaborative and integrated way (WEF, 2009). These councils debated two
questions: what is the state of the world on a specific issue? and what needs to
be done to improve the state of the world on a specific issue? The non-exhaus-
tive list of objects is: alternative energies, challenges of gerontology, chronic
diseases and malnutrition, climate change, corporate governance, corruption,
demographic shifts, economic imbalances, ecosystems and biodiversity loss,
energy security, faith, food security, fragile states, future of transportation,
gender gap, global governance, global trade regime, healthcare systems, HIV/
AIDS, human equality and respect, illicit trade, international legal system,
migration, negotiations and conflict resolution, pandemics, role of sport in
society, skills gap, social entrepreneurship, systemic financial risk, terrorism,
proliferation and weapons of mass destruction, urban management, water
security...

This list speaks for itself: as argued before, improving the state of the world
requires as much policies inspired by the social sciences and humanities
— that we suggest calling societal sciences — as policies drawn from hard and
life sciences 1. As noted before, most of the economic development of the past
quarter-century came through innovation in industry and a couple of services.

1 We observe that some purist English-speaking scientists like to reserve the word “sci-
ence” for hard and life sciences.
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Considering that many societal problems were neglected before the crisis, our
conviction is that it would be essential today to broaden the search for new
knowledge and innovation in order to contribute to solving these societal
questions. In short, knowledge creation and dissemination, as well as innova-
tion, should be all-inclusive to promote the long-term prosperity of nations,
developed and developing. All the traditional scientific disciplines are con-
cerned, but the place that has to be occupied by social sciences and humani-
ties like economics, law, sociology, political sciences, history, philosophy, reli-
gious sciences, linguistics and their derived disciplines like anthropology,
comparative literature, business should play a much bigger role.

As for scientific progress, innovation requires a capacity for change. This
implies that government, public administration, board and management of
firms, the leadership and stakeholders of other organizations, national or
international, as well as individual citizens, are willing to change and/or have
the capacity to convince or impose a decision on their organization. As for
innovation in science and technology, innovation in societal sciences seems
to be less painful in the United States than in Europe and Asia. Even if we
cannot draw a generalization from a specific case, the way the federal govern-
ment and Federal Reserve Board decided to implement totally new instru-
ments to fight the crisis is certainly worth noting.

This increased expected role of societal sciences raises the serious question
of the development and reputation of soft sciences vis-a-vis hard sciences.
Universities with a high reputation are exclusively or in majority active in life
sciences, medicine, applied and fundamental sciences. The size of their budget
is determined by that specialization, and rankings of world universities are
clearly biased in favour of those institutions. All this would be acceptable if it
did not draw the other disciplines down. There is even a widespread fear that
some of these soft disciplines are too critical of the establishment.

Societal sciences are not “cheap” (scientific) disciplines. The matter they
are studying is quite different from the world of nature, but also immensely
complex, among others because the human factor plays a key role. Indeed,
human beings are making decisions on the basis of incomplete information
and do not always act rationally; therefore, human behaviour is often difficult
to predict. Knowledge is also strongly based on scholarship (erudition) and in
general less formalized into universal theories; it is also often regional. More-
over, social sciences are sensitive to philosophical ideas and political posi-
tions. This explains why there is much more room for diverging positions and
burgeoning ideas. However, the diversity of opinion in social sciences and
humanities is real wealth. The brutal realization last year that markets do not
always self-regulate is a strong example. In other words, any pensée unique is
bound to perish some day, as it impoverishes itself in refusing to take into
account critics and alternative proposals.
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BY WAY OF CONCLUSION: CONSEQUENCES
FOR SCIENCE POLICY AND UNIVERSITIES

Inspired by economics and social sciences, this contribution can be summa-
rized with two strong statements. First, globalization and the climate of
increasing competition over the last quarter-century, as well as the severe
financial and economic crisis, demand more innovation for rich countries to
keep a high standard of living or for emerging countries to continue develop-
ing. The incapacity of approximately half the countries of the world to suc-
ceed in taking off should be a concern for all developed and developing coun-
tries. Second, scientific and technological innovation are indeed a key pillar
to economic prosperity in the old world and emerging countries; but it is far
from sufficient; at least three sets of problems or difficulties require a much
greater investment in societal innovation: the rapid expansion of recent
decades is not sustainable for ever due to the overexploitation of natural
resources and of the environment; too many countries are left out of prosper-
ity, cannot satisfy all their basic needs and are particularly suffering from insta-
bility and conflicts; finally, many manmade political, economic and social sys-
tems are not sustainable. The financial and economic crisis is just one
example of what eventually happens if one does not pay enough attention to
the sustainability of a system and/or of its development, not to speak about the
rise of Nazism in Germany in the 1930s rooted in the preceding very severe
economic crisis. Obviously, if science and technology can contribute to
responding to many of these challenges, societal sciences, that is social sci-
ences and humanities, also have a very important role to play.

This role to be played by societal sciences should be of direct concern to
universities and those responsible for science policy. Indeed, it is already
partly the case, but more could and should be done. In other words, we make
a plea that the development of social sciences and humanities should be a pri-
ority of science policy and university institutions. As other contributions in
this book are more directly focused on the role of universities, we shall remain
very brief.

As is the case for science and technology, social sciences and humanities
have a great record of seminal works in all sorts of subjects and their best figures
are probably as well known as the best scientists. They have also contributed
to developing instruments capable of solving problems. The best example
today is certainly the successful intensive use made by governments and cen-
tral banks of theories developed by Keynes and Friedman respectively more
than 70 and 50 years ago.

The main weakness of social sciences and humanities is that their special-
ists are mainly working in separate disciplinary silos and according to their
own curiosity and motivation. They have little incentive to spontaneously
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join forces with colleagues from other disciplines and too often to work on
societal issues. However, we have strongly argued before that society expects
today that societal sciences are more involved, when necessary with sciences
and technologies, in contributing to solving societal problems. This will be
possible only if one is able to better balance curiosity-driven and individual
work and teamwork. We believe that soft sciences would gain in maturity if
researchers increasingly work together within the limits of their discipline
and, better, with other disciplines. The problems to solve are indeed multi-
disciplinary. Therefore, transdisciplinary and, even better, interdisciplinary
work have to be strongly promoted.

Bringing social sciences and humanities to a greater maturity should be a
priority for science policy and universities, comprehensive ones or specialized
in social sciences. This important objective should be pursued essentially with
measures of a financial and organizational nature. Regarding finance, social
sciences and humanities should be better funded in money terms and the
funding programs should entail the right incentives to encourage the special-
ists to work together both on curiosity-driven projects and societal questions.

The organizational question is more at the level of institutions. They
should in particular launch long-term research projects or create temporary ad
hoc research centres to give researchers the opportunity to spend some of their
time with researchers from other disciplines in order to slowly develop the
pleasure of working on broader topics and the right “savoir-faire”. Universities
should also envisage adapting their organizational structure to lower the exist-
ing barriers between faculties or departments; the ultimate aim is to create a
flatter organization with less compartments. This requires clearly strong steer-
ing by the leadership of the institution, with the support of adequate commit-
tees. To facilitate restructuring, financial incentives to change appears often
as more efficient than moral suasion.

To conclude with this brief description of the measures that should be
taken to increase the contribution of societal sciences to sustainable develop-
ment and to solve societal problems, we would like to mention two additional
points. First, regarding technological innovation, progress towards a better
societal organization requires a broad partnership between universities, gov-
ernments, business and other organizations concerned. Even if this seems
obvious, there is even a much bigger effort to make in this respect than for
technological innovation.

Second, but not least, Europe, Asia and Latin America should grant more
autonomy to their universities. The world rankings of universities show unam-
biguously that the immense majority of the best performing institutions are
also those that enjoy the greatest autonomy. In other words, there is strong
correlation between the degree of autonomy and performance (Aghion et al,
2009). And, contrary to what might be thought at first view, autonomous uni-
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versities are those that are the most responsible and responsive towards society
as the system of rewards and sanctions ensure that they have to be accountable
to their sponsors, the State, their students, donors and partners. With little or
no autonomy, institutions are placed in a vicious circle that condemns them
to wait for instructions and to take as few initiatives as possible.
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CHAPTER

Technological Innovation
in the 21st Century

Charles M. Vest

THE INNOVATION IMPERATIVE
T he early years of the 21st century have found the U.S., Europe and Asia

increasingly committed to technology-based innovation as the road to
economic prosperity. Every CEO has had a catchphrase to this effect on
his or her tongue. Etsuhiko Shoyama of Hitachi says “Ceaselessly Innovate”,
and Sam Palmisano of IBM says “Innovate or Abdicate”.
Many speakers and observers have quoted a poem attributed to Richard
Hodgetts:

Every morning in Africa a gazelle wakes up.
It knows it must outrun the fastest lion or it
Will be killed.

Every morning in Africa a lion wakes up.

It knows it must outrun the slowest gazelle
Or it will starve.

It doesn’t matter whether you are a lion or a
Gagelle — when the sun comes up, you'd
Better be running.

Now all of this connotes that the world is in a hurry, and for good reason
when it comes to technology, its development, marketing, acceptance, and
economic and social impact. After the automobile was introduced as a con-
sumer product in the early part of the 20th century, it took 55 years to create
and penetrate markets such that 25% of the U.S. population had one in their
household. In those days, 55 years was essentially a lifetime. Another society-
changing consumer innovation was the telephone. It took 35 years to reach

51



52 Part I: General Discussion of Innovation

25% of the U.S. population, and 35 years was essentially a working lifetime.
By the time the personal computer came along, it took about 16 years until
25% of the U.S. population had one, and it took only 8 years for the World
Wide Web to achieve this penetration (Council on Competitiveness, 2005).

So when we say that the impact of technology is accelerating, we are speak-
ing truth. But the key word here is “impact”. The automobile, telephone, per-
sonal computer and World Wide Web are prime examples of world-changing,
empowering technologies that drove economic advancement. There also is an
interesting evolution from the automobile that initially had its primary
impact in the United States to the World Wide Web that had almost instan-
taneous global impact. The clear progression is from national and slow to glo-
bal and fast. Furthermore, there also is a distinct path from big and mechanical
to small and electronic.

These observations get to the heart of the innovation imperative. From the
perspective of a company or an industry, the implications are very clear. Most
companies set goals such as 20-40% of their business to come from products
developed in the last two or three years. The specific goal and speed of intro-
duction naturally depend on the product sector. The stakes are high: fall
behind in innovations that continuously improve your product or expand
your product range, and you are out of business.

But there is a deeper level of importance to innovation and speed. When I
was a graduate student in about 1965, one of my friends was studying for a
Ph.D. in electrical engineering. One day his professor said to him: “I think
that in the future, telecommunications and computing are going to merge
somehow. You should think about this.” When you read this, please put your
mind in the frame of 1965, and you will see that this was a radical prediction.
My friend took that advice and he is a very successful person today.

In other words, combining telecommunications and computing was not
just an incremental improvement, it was the deeper kind of innovation — one
that changed society by empowering and enabling all manner of things. Fast
forward to today; our world is under enormous financial stress. As we move
beyond this crisis, we must rebuild an economy based on the production of real
goods and services that are of real value. The Holy Grail we seek is the next
major enabling and empowering technology — the 21st century equivalent of
Information Technology. Somewhere the spark of this innovation is forming
in someone’s mind. Innovation is the process by which it will be developed,
made real, and brought to the marketplace. I have no idea what the next
major enabling technology will be or where it will be spawned, but there are
some things we can learn about the environment that may encourage its
development.

To initiate an exploration of innovation’s future, let me suggest four facts,
three consequences, and one principle. I will add to this list an irony.
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The four facts are: People everywhere in the world are smart and capable;
science and technology advance relentlessly; globalization is a dominating
reality; and the Internet and World Wide Web are democratizing forces.

The three consequences are: Individuals must innovate; companies must
innovate; and nations and regions must innovate.

The principle is: competition drives excellence and innovation.

And finally, the irony is that in the 21st century cooperation and competi-
tion reinforce each other.

THE U.S. INNOVATION SYSTEM 1945-2009: A BRIEF HISTORY

There is value in understanding where we have come from, as long as we don’t
assume that what worked in the past will, without modification or replace-
ment, work in the future. With that caveat, let me trace the outline of Amer-
ica’s innovation system since World War II. During most of this period, the
U.S. had a comparative advantage because it developed a strong S&T base
and coupled it to a free-market economy that was in turn built on a base of
democracy in a diverse society. But there also was a clear policy basis that
enabled scientific and technological advancements.

In November 1944, President Franklin Roosevelt wrote a letter to Vanne-
var Bush, who was then on leave from MIT serving as head of the Office of
Scientific Research and Development (OSRD). His role was to mobilize U.S.
science and industry to serve the war effort. In his letter, Roosevelt stated that
U.S. science had contributed mightily to a pending Allied victory. He then
asked Bush to form a committee and tell him how the U.S. science commu-
nity could work in peacetime to secure the nation’s economic vitality, health
and security, just as it had advanced national interests in the war. Nine
months later, Bush submitted his now famous report, Science — the Endless
Frontier (Bush, 1945). This report made four fundamental recommendations:

1. Universities should be the primary national infrastructure for doing
basic research;

2. Federal dollars supporting university research should do double duty
by procuring research results and simultaneously supporting the edu-
cation of the next generation of engineers, scientists and doctors;

3. Research grants should be awarded to university investigators on the
basis of technical and intellectual merit; and

4. A National Science Foundation should be established to further
these ends.

The Bush recommendations may be “old hat” today, but this was a pro-
found and rather radical vision at the time. However, as we look at this from
the vantage point of the early 21st century, we should note two implicit
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assumptions about economic development. The Bush model is linear and lais-
sex-faire. It is linear in that it more or less assumes that there is a straightfor-
ward progression from basic research to applied research to product develop-
ment and then to the marketing of goods and services. Basic research would
be done in universities. Applied research would be done in some mix of uni-
versities and industry. Product development and marketing would be the sole
province of industry. It was laissez-faire in the sense that it assumed that indus-
try would scan the research results from universities, select the important
results and then commercialize them as products or services. Neither govern-
ment nor industry would be expected to select research topics or guide
research programs.

What emerged from the Bush approach was the U.S. Innovation System
that created new knowledge and technology through research, educated young
men and women to understand and create this new knowledge and technology,
and moved it to market as new products, processes and services. This system
was an enormous success from any perspective. Economists generally believe
that about half of U.S. economic growth since the War was due to technolog-
ical innovation, much of which originated in research universities.

During the period from 1945 to roughly 1985, America’s public and private
research universities grew to excel and set the world standard. American com-
panies dominated many product domains. Large corporations were dominant,
especially those based on mass production. Many large companies also devel-
oped outstanding central research laboratories that attracted outstanding uni-
versity graduates, conducted outstanding pure and applied research, and con-
tributed to the “S&T commons” through the technical literature and
professional meetings. Then two tectonic shifts occurred in the 1980s and, 90s.

Suddenly, Japanese companies dominated the consumer-manufacturing sec-
tor, and U.S. companies could not effectively compete with them. Japanese
advances in quality, throughput and product cycle times were astonishing.
Indeed, the Japanese Total Quality Movement was the major innovation in
the world in the 1980s. It changed everything. It is important to note that this
was not a purely technological innovation; rather, it was about organization,
discipline, quantitative and statistical approaches, and social motivation.

U.S. and European corporations responded through painful, fundamental
and permanent transformations. Downsizing, process management and qual-
ity control became central. But most relevant to this history of innovation,
corporate R&D was dramatically changed and merged with product develop-
ment. Many companies emerged strong and globally competitive, but the U.S.
Innovation System had changed.

During the latter stages of this transformation, a second tectonic change
occurred; in some sense it happened just in time. Namely, American entrepre-
neurship expanded explosively, driven by information technology made pos-
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sible by the microprocessor revolution and the Internet. The rapid advance of
biotechnology also played a major role.

The broad thrust of U.S. corporate innovation and R&D seems to have
changed on a decadal time scale. The 1970s was the golden age of central cor-
porate research laboratories. Absorbing and transforming R&D into product
development dominated the 1980s, as already mentioned. In the 1990s, com-
panies became concerned that although they were now competitive and adept
at incremental improvement, they were not generating sufficient amounts of
basic innovation, so they began to acquire it by purchasing high-tech start-up
companies that often had been spawned by research universities. In the first
decade of the 21st century, a more globally integrated open innovation system
began to form. The linear model implicit in the Bush vision was breaking
down and being replaced by a more complex, faster, nonlinear regime.

There was a similar decadal evolution of university research and education
that paralleled this. The 1970s was the golden age of the “engineering science
revolution”, an approach that emerged largely from the wartime work at
MIT’s Radiation Laboratory and the Manhattan Project. A base of science
supported a new way of teaching and practising engineering. This movement
from engineering as an empirical, “handbook” activity to one based on design
and development from first scientific principles was essential to the new “high
technology” world. In the 1980s, many universities began to respond to the
manufacturing crisis by moving design, manufacturing, and computer science
to centre stage, and by introducing joint management/engineering programs.
The 1990s saw an explosion of university emphasis on life sciences, more
interdisciplinary work, and more direct engagement in use-inspired research
and commercialization. This continued into the early 21st century.

The nature of the challenges facing humankind in the early 21st century
will lead, as has been noted, to more use-inspired research in universities. A
word about this concept is in order. One of the great technological achieve-
ments of the 20th century was the development of the transistor at Bell Labs.
Bell Labs in those days had one of the most impressive staffs of engineers and
physical scientists ever assembled. They made many contributions to the basic
understanding of the physical world. The technical staff had much opportu-
nity to think and explore important problems and to publish their work in the
open literature. Because of this flexible and open environment, an “urban leg-
end” has grown up that the transistor resulted from unfettered basic research.
The fact is that it was the result of a carefully planned and executed R&D pro-
gram. The people who contributed to it were often doing very basic work, but
there was a specific goal of creating a solid state device to replace the vacuum
tube. This is a prime example of use-inspired basic research.

In 1997, the late Donald Stokes of Princeton University explored how the
flow of knowledge to product had changed from the linear, laissez-faire
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approach of Vannevar Bush’s Science — the Endless Frontier (Stokes, 1997). He
found a very useful framework to help answer this question: a two-dimensional
plot in which the vertical axis displays the answer to the question: “Is the
research motivated by the quest for fundamental understanding of the natural
world?” and the horizontal axis displays the answer to the question: “Is the
research motivated by consideration of use of the results?” Stokes thereby
referred to pure basic research as residing in the “Bohr Quadrant” because it is
motivated only by the desire to understand nature. He considered research to
reside in the “Edison Quadrant” if only a practical result is sought. The “Pasteur
Quadrant” contains research that has the dual motivation of increasing funda-
mental knowledge and being driven toward a practical application. This, of
course, refers to Louis Pasteur’s seminal scientific work that developed funda-
mental knowledge of microbiology in order to reduce disease.

Many of the challenges we face today regarding energy, climate, sustain-
ability, clean water, food, medicine and healthcare must both advance the
state of knowledge of physical and biological science, but also drive toward
technological solutions. Indeed, the term technological innovation refers to an
extension of use-inspired research; it is an activity that either discovers or
designs new technologies and systems and moves them along a pathway to
practical applications or introduction to the marketplace.

INNOVATION AND GLOBALIZATION

Most observers seem to agree that innovation is the key to many advances in
human welfare, and certainly to economic vitality. For much of modern his-
tory, innovation was largely a local or national activity, building or improving
factories, distribution systems and businesses. Indeed, prior to World War II
nations prospered largely on the basis of geography, natural resources, capable
labourers and military might. This local or national centricity has long since
passed from the scene in most developed nations. There are many reasons for
this, but among them certainly are the roles of inexpensive long-distance
travel and shipping, the global flow of information via the Internet and World
Wide Web, and the geographic spread of talent and knowledge generation.
From the business perspective, labour costs, intellectual property policy and
especially tax policy should be added to these factors. The whole innovation
scene is changing rapidly and is not well understood, but its relentless global-
ization is very clear.

Two indispensable input variables for innovation are a workforce well edu-
cated in engineering and science and expenditures on R&D. These are not
sufficient conditions, but certainly are necessary. Even a cursory look at the
available data indicates that the distribution of engineering and science
degrees around the world has changed dramatically during the last two
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decades. The headline indicator is the rise of engineers educated in China,
and across Asia in general. For examples, in 1983, the U.S., Japan and China
each graduated approximately 75,000 bachelor-level engineers. By 2002, the
U.S. production of bachelor-level engineers dropped to about 60,000 while
the production in Japan rose to 100,000 engineers, and the production in
China rose to 250,000. The trend can be expressed in an even more meaning-
ful way by the fact that today about 4.5% of U.S. college and university grad-
uates earn degrees in engineering, about 12% of European university graduates
are engineers, and across Asia about 20% are engineering majors (National
Science Foundation, 2008). This is a colossal redistribution of the talent base
required for innovation.

There has been a similar rapid shift in the global distribution of R&D
expenditures by both government and industry. The fact is that the total
annual expenditures on R&D are now spread almost evenly around the devel-
oped world, with about one third each in North America, Europe, and Asia.

This spread of the potential for innovation has been amplified by the
deployment of the Internet and the World Wide Web. As Thomas Friedman
famously wrote: “The world is flat,” and globalization has “accidentally made
Beijing, Bangalore and Bethesda next-door neighbors,” with many jobs being
“just a mouse click away”. (Friedman, 2006). Although Friedman’s analysis
woke many from their lethargy about the modern world, this is only part of the
story, although a very important part. Others have argued that it is not true
that location no longer matters, because the power of regional innovation
clusters such as Silicon Valley and Route 128 is still important. These local
clusters often are enabled by the proximity of small companies and corporate
laboratories to research-intensive universities.

The quest to understand the evolution and probable future course of inno-
vation has spawned considerable scholarly study and publication during the
last several years. Henry Chesborough, then at the Harvard Business School
and now at the University of California at Berkeley, introduced the term open
innowation to characterize what goes on in most large companies today, i.e. to
be competitive they must integrate the best ideas no matter where they origi-
nate, in other countries, in other companies or laboratories, and often even in
competing organizations. This is part, but not all of the reason that corpora-
tions are opening R&D laboratories in many different countries to be close to
and able to tap into organizations worldwide (Chesborough, 2006). And every
industry works day-to-day in fear of not recognizing and grasping “disruptive
technologies”, the game-changing ideas and technologies that Clayton Chris-
tensen has so clearly expounded in his 1997 book, The Innovators Dilemma
(Christensen, 1997).

Related ideas are developed in John Hagel and John Seeley Brown’s analy-
sis, The Only Sustainable Edge, although they place great emphasis on the
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development of deep disciplinary capabilities within corporations as well as
good connectivity with other companies and organizations. They also point
to the need for constant learning across networked enterprises (Hagel & Seely
Brown, 2005). I also note the research of Michael Piore and Richard Lester,
which points out two important institutional capabilities, analysis and inter-
pretation. In this context, analysis refers to the ability to form a rational, dis-
crete, quantitative basis for decisions. This is essential for innovative product
development and productivity gains. But they find that interpretation is the
heart of true innovation. Here interpretation encompasses exploiting ambigu-
ity, imagining alternative pathways and endpoints, and the creative removal
of constraints (Piore & Lester, 2004).

Judy Estrin, former Chief Technical Officer of Cisco and highly successful
entrepreneur, has recently assessed the innowvation ecosystem of the United
States and concluded that there are numerous indications that it is declining.
She finds an increasing focus on the near term and an attenuation of free-
spirited openness that defined America. Her analysis delineates the nature
and characteristics of organizations and leaders that innovate well. She urges
a return to long-term, adventurous perspectives that can enable technology
and business to interact to produce and market new goods and services in the
global economy (Estrin, 2009).

The public perception of innovation is often focused on small, flashy IT-
related technologies or web tools. However, as implied in the preceding dis-
cussion, innovation is necessary at all scales. In the United States and else-
where, we are faced with a need to innovate on a massive scale to deal with
the production, storage and distribution of electrical energy. This is a very
complex problem because of the variety of technologies that need to be
improved, eliminated or discovered, and because of the scale of deployment
and infrastructure required. One must add to this the huge corporate invest-
ments in existing infrastructure and the major role that must be played by gov-
ernment policy and investment at the federal, state and local levels. Some
have called for a national technology roadmap to the next generation energy
system. But, in my view, this problem is too large and complex, and too rich
in opportunities for new game-changing discoveries and developments, to
begin mapping a detailed technology pathway. Weiss and Bonvillian have
recently written a book, Structuring an Energy Technology Revolution, in which
they propose a roadmap not directly to specific technologies, but rather a
roadmap for innovation that recognizes both the uncharted nature of technol-
ogy and the government roles in policy-making and research (Weiss & Bon-
villian, 2009).

Finally, it is clear that a variety of modes of global cooperation will be
needed to address innovation associated with energy. The fundamental rea-
sons are that the geopolitical stakes in energy resources and distribution are
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extremely high, and that the underlying issues of climate change and sustain-
ability are global.

INNOVATION: WHAT IS NEXT?

As noted above, the core of the industrial innovation system in the U.S. has
changed substantially about every decade. In the 1970s, central corporate
research laboratories dominated; in the 1980s, corporate R&D was trans-
formed and absorbed into a new style of product development in response to
the challenge of Japanese consumer manufacturing; in the 1990s, large com-
panies acquired innovation by buying start-up companies often spun out from
research universities; and in the early 2000s, open innovation has begun to
play a major role.

Several things suggest that we may see another shift in the U.S. innovation
system:

1. The scientific basis of new technologies will increasingly come from
the life sciences and information technology;

2. Macro-scale systems challenges, especially energy, will drive innova-
tion in the coming decade;

3. Some believe that the venture capital system is becoming too risk
averse and may not be appropriate to the large-scale issues that badly
need innovation;

4. Globalization of R&D investments, education and high-quality
workforce will continue apace;

5. Economic growth probably requires a new enabling technology to
play a role analogous to that played by I'T and the World Wide Web
during the last decade; and

6. We will need some truly transformative breakthroughs and disrup-
tive new technologies in order to address many of the global grand
challenges such as energy, healthcare and security.

I do not know what the future actually holds, but I will briefly address four
factors that may be involved in the next stage of innovation: evolution of the
current system, education, prizes, and large-scale web interaction.

There is an almost universal movement to improve education in science,
mathematics and engineering at the primary and secondary level. Asian coun-
tries in particular have set contemporary standards in this regard in order to
strengthen the base for technology, innovation and 21st-century economic
competition. It is likely that information technology also will play a role in
increasing the knowledge base, reasoning abilities and scientific skill sets of
young people. But innovation requires more than this important base; it
requires abilities of imagination, synthesis, open-ended problem solving, and
the elusive quality of creativity.



60 Part I: General Discussion of Innovation

Much of future innovation in the U.S. context will likely continue to be car-
ried out through the informal and loosely coupled system of universities, com-
panies and governments that has dominated since the end of World War II. But
this system may be augmented or readjusted to tackle large-scale 21st century
challenges. For example, a 2004 U.S. National Academy of Engineering report
chaired by James Duderstadt suggested the formation of a set of Discovery Inno-
vation Institutes to be located on the campuses of research-intensive universities
(National Academy of Engineering, 2005). They would be intended to conduct
engineering research and innovation at a larger scale than is typical for univer-
sities today and that would have direct linkages and responsibility to industries.
These continuous linkages to relevant industries would provide guidance to use-
inspired research and would increase the efficiency and effectiveness of move-
ment of new ideas, discoveries and technologies into the commercial sector.
Such institutes would be especially suitable to complex, large-scale and long-
lived challenges such as energy.

In higher education there are many experiments underway to foster and
enhance innovation capacity and new modes of thought. Olin College of Engi-
neering, outside Boston, has operated now for seven years with a nontradi-
tional, design-oriented curriculum and an organizational structure without
the usual disciplines. Finland is constructing an entire new, large-scale insti-
tution, Aalto University, which will combine technology, economics, and art
and design. It will be established in 2010 by merging programs from three
existing universities, but it will afford an opportunity to rethink and reformat
curricula and build a community of scholars with a new collective perspective.
Singapore is establishing a new university in partnership with MIT that will
also be focused heavily on science, engineering, information systems and
architecture with a special emphasis on the role of design, broadly defined.
Opening in 2011, it is explicitly intended to be part of a new ecosystem for
producing innovations and new products.

In California, Singularity University is the working name of a joint effort by
NASA, Google and several leading thinkers such as Ray Kurzweil to bring
together students from the emerging disciplines of nanotechnology, biotech-
nology, and information technology. The purpose will be to cross educate
them in these fields and prepare them to attack the great challenges of our
times. The working name is an allusion to Kurzweil’s theories expounded in
his book, The Singularity is Near (Kurzweil, 2005). The hypothesis of this book
is that many new technologies will follow exponential growth models like the
well-known Moore’s Law, and therefore change far more rapidly and transfor-
matively than our traditionally linear thinking leads us to expect, thereby rap-
idly giving us the tools to solve huge societal problems. Whether or not this
somewhat Utopian view is correct, this approach will provide a rich tool set
and experience base for 21st-century innovators.
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Another intriguing attempt to unstick the innovation system to achieve large
goals is the work of the X-Prize Foundation. In 1996, the Foundation offered the
$10 million Ansari X-Prize to the first private, i.e. non-governmental, group to
achieve human space flight, rigorously defined. This prize was won in 2004 by
SpaceShipOne designed by Burt Rutan and financed by Paul Allen. But the point
here is that not only was the goal achieved, but the financial prize money was
highly leveraged by the various competing groups, thereby accelerating invest-
ment of both financial and intellectual resources to push technology forward.

The X-Prize Foundation, chaired by Peter Diamandis, is expanding this
concept to several other areas of technological challenge that require levels of
innovation that do not appear to be forthcoming from the usual industrial or
governmental systems. Their goal is to spur innovation to solve problems and
leverage financial and intellectual resources of contest entrants to move tech-
nology forward. The best known of their extant programs is the Progressive
Automotive X-Prize to build an automobile that achieves 100 mpg or equiva-
lent. The prize-winning automobile must pass all U.S. highway safety stan-
dards, carry four passengers, have an acceptable manufacturing plan and have
consumer appeal. 111 entrants have qualified for the competition.

There are many emerging, web-based platforms for developing and using
the collective input of large numbers of people to forge new ideas, solve prob-
lems and, in a broad sense, innovate. An obvious example is Wikipedia, and
the creation of many special purpose wikis following its example. The U.S.
intelligence community has even applied this new collective tool to the pro-
duction of intelligence estimates. Roseta.org is a website that enables thou-
sands of people around the world to play a massive computer game the real
purpose of which is to use their collective brain power to solve very complex
problems of protein folding and bimolecular design.

A direct use of IT to enable innovation is the IBM InnovationJam con-
ducted by IBM to innovate in its organization and product line. First held as
a virtual discussion among its worldwide employee base, it is now conducted
not only with IBM employees, but with thought leaders in many other com-
panies and organizations. A topic is set for consideration, and participants can
log into the conversation over a multi-day period. There is a rigorous process
for narrowing down lines of thought and specific suggestions until a finite set
of actionable recommendations is established. IBM indicates that its 2008 Jam
lasted 90 hours and involved 90,000 log-ins and 32,000 posts. Participants
came from 1,000 companies across 20 industries.

CONCLUSION

The U.S. Innovation System has been highly successful for over 60 years and
it has been replicated in many countries around the world. This has helped
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fuel a global rise in economic power and quality of life. But, as a result of this
globalization, the system must now be transformed in ways that are not yet
clear. Such transformation is demanded by the changing base of science that
supports technology, and by the scale and importance of such worldwide chal-
lenges as food, water, energy, healthcare, climate change and security. This
paper has presented a sampling of the experiments and thinking that are
beginning to drive transformations in national and global innovation ecosys-
tems.
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Community Engagement
as Social Innovation

Ellen Hazelkorn !

The world needs more social innovation — and so all who aspire to solve the world’s
most vexing problems. .. must shed old patterns of isolation, paternalism and antag-
onism and strive to understand, embrace and leverage cross-sector dynamics to find
new ways of creating social value. (Phills Jr, 2008, p. 43)

THE CHANGING GLOBAL DISCOURSE

n 1992, Francis Fukyama reflected in The End of History and the Last Man
I on the transformative events signified by the collapse of the Berlin Wall.
He argued that

What we may be witnessing is not just the end of the Cold War, or the passing of a
particular period of post-war history, but the end of history as such: that is, the end
point of mankind’s ideological evolution and the universalization of Western liberal
democracy as the final form of human government.

Although he disputes this interpretation, Fukyama’s (2007) arguments
were widely construed as a defence of unregulated market capitalism and
American strategic hegemony. Coupled with rampant global economic
growth during what became known as the “naughties”; there was an almost
universal adoption of the view that the cyclical nature of “boom and bust” was
now at an end. But that was before September 2008, and the collapse of Leh-

1 Many thanks to Pamela Eddy, Marek Rebow, John Donovan, Steve Konkel, Catherine

Bates, Howard Newby and Eva Egron-Polak for their helpful comments, and Evin McCar-
thy for the diagrams. All errors are mine.
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man Bros. As Eric Hobsbawm (2008) has recently stated, “the belief that the
market will always regulate itself and will help the economy produce socially
optimal results or even maximum growth... is as extreme [as the view of]... a
totally state-run planned economy in the Soviet systems. Both rightly failed.”
Today Keynesianism is enjoying a rebirth as the pendulum swings, and calls
to nationalize the “commanding heights of the economy” are coming not just
from the Left.

Higher education is not immune from this ideological battle. Much has
been written about the marketization of higher education, the need to adopt/
adapt commercial business practices to public sector organizations, and the
student as consumer or client. Robert Birnbaum’s book, Management Fads in
Higher Education, poked fun at the distinction between management innova-
tion as a “truly good idea” and a fashion. Discussing the differences between
business and higher education, Birnbaum (2000, p. 215) quoted the view: “If
we could just run our universities as General Motors is managed, most of our
educational problems would vanish.” Today this adage may have a different
meaning.

There is no doubt it has suited higher education to argue that academic
research or knowledge production is critical to economic growth because this
has underwritten substantial hikes in public expenditure. Today higher edu-
cation tops many government policy agendas, and is considered a vital ele-
ment of the productive economy rather than social expenditure. Yet regard-
less of governance structure, more demands are being placed on higher
education. In return for increased financial support, governments want more
accountability regarding student learning; in return for more funding, govern-
ments want more income-generation; in return for greater support for
research, governments want to identify “winners”; and in return for valuing
HE’s contribution to society, governments want measurable outputs.

Has higher education become a victim of its own propaganda? Three differ-
ent examples:

The rising popularity and obsession with global rankings of universities and
the establishment of world-class universities are having positive and perverse
effects. They appear to provide a simple way to gauge the talent-catching and
knowledge-producing capacity of higher education, and assess value-for-
money, especially important in difficult economic circumstances. But we
know that measuring the wrong things can produce distortions — as people
react to that which is rewarded/valued. Even in relation to scientific research,
rankings can do great damage. They value some disciplines and research more
than other work, and distort the focus of research towards that which is more
predictable and easily measured. Yet, many HE leaders are as culpable as their
policy colleagues in basing their ambitions and strategies on global rankings.
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Similarly, the concept that higher education is the “engine” of the econ-
omy rather than an integral part of the education-research-innovation eco-
system has reinforced a linear or fordist model of science-push innovation.
This has led to the idea that reductions in public funding of higher education
could be compensated by commercialization, patents and licensing. But as
Mowery et al. (2001) demonstrates only seven U.S. universities had a net
return from patenting (that is offsetting the costs incurred in preparing and
getting patents), over 90% of the returns were linked to a handful of patents
(less than five for most universities) and nearly all these patents were in
human life sciences (linked to the pharmaceutical industry). Moreover, as the
OECD (Santiago et al., 2008, 102-103) argues, too much emphasis on IPR
may be contrary to public policy because it raises the cost of knowledge to
users. The focus should be enabling greater knowledge diffusion through open
science.

A recent Irish government announcement is another illustration of the
tendency for magic bullet solutions. Trinity College Dublin (TCD) and Uni-
versity College Dublin (UCD), the two “highest ranked” Irish universities,
will develop an “innovation corridor”. They plan to create 300 new businesses
and 30,000 jobs, based on an investment of €650 m from government, indus-
try and private funding. Using MIT as an exemplar, the proposed €650 m will
be over 10 years, whereas MIT invested €485 m in 2008 alone. It averages 20-
25 HPSU per year. This means that the Irish initiative aims to create 25%
more start-ups than MIT with approximately 13% of the investment (Jordan,
2009).

Can the new global economic reality provide the opportunity to move away
from hyperbole and provide the opportunity to reassert a sustainable relation-
ship between higher education and the wider community? In a growing num-
ber of countries and regions, higher education, in partnership with city gov-
ernment, business and civic organizations, has formed new social
organizations in the realization that successful cities and mega-regions are
“focal points of innovation and creativity” (OKC, 2009). Many cities have
now openly embraced the concept of building a “creative alliance” between
specialized clusters of higher education and research institutes interacting
with enterprise and civil society, exchanging ideas and personnel, as the best
way to attract and retain talent and investment. Rather than cities seeing
higher education simply as employers and the latter viewing cities as mere
locations, there is a growing realization of mutual benefit and added value.

This paper argues that community engagement — a vital component of
HE’s third mission — can be a sustainable force of innovation, and provide a
model of “research engagement with society and public engagement with

research” (Mulder, 2009).
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SOCIAL INNOVATION AND
NEW KNOWLEDGE PRODUCTION

For most of the 20th century up to today, innovation has been associated
with science, engineering and technology, despite the fact that many well-
known innovations occur through changes in business processes, e.g. Google,
UPS, Virgin and Apple. An important exception is made by the creative and
cultural industries which have managed in recent years to demonstrate a
close connection between themselves and innovation in the wider economy.
Heretofore, when the humanities, creative arts and social sciences have been
included in R&D budgets it is usually as “last-minute concessions to dogged
lobbying” (Cunningham, 2004 ), but with significantly less funding. NESTA,
the U.K.’s National Endowment for Science, Technology and the Arts —
along with similar organizations in other countries — has played an impor-
tant role in providing evidence that innovation performance is strongest for
industries with the highest spending on creative industry products as a per-
centage of their output. Richard Florida (2002) has built on these ideas to
argue that cities which embrace the creative and cultural industries are much
more likely to attract and retain high-skilled, high-spending talent, with all
the spin-offs that such a population seeks and demands. But, in addition to
the specific illustration of the economic effect of spend on creative products
and services, the compelling argument and evidence have helped open up a
much broader debate on innovation and how change happens in society and
the economy.

Michael Mumford defines social innovation as “the generation and imple-
mentation of new ideas about how people should organize interpersonal activ-
ities, or social interactions, to meet one or more common goals” (2002,
p- 253). While S&T innovation has tended to be located within the market
economy, social innovation takes place in daily life, in social relationships and
behaviour and in the home and is, therefore, not trapped by any standard mea-
sures of economic activity. In recent decades, there has been a growing focus
not just on new products but on new services, ways of organizing ourselves,
society and work, and through new social movements. For example, whereas
the principle of production has traditionally been oriented towards increasing
capacity, rising consumer consciousness has helped re-orient the supply and
distribution chain to respond to real-time consumer demand (e.g. H&M fash-
ion). The role of the consumer has changed dramatically from a passive to an
active player, not only navigating but even shaping the product line and the
services (e.g. Google, LEGO). Organizations that fail to embrace this new par-
adigm are forced to compete unsuccessfully on price — losing out to cheaper
labour markets in Eastern Europe and Asia. Those left standing “have recog-
nized that it is their capacity to provide bespoke services — with products
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being reconceptualised as part of a service — and above all their capacity to
innovate on which their future depends” (Murray et al., n.d., p. 4).

Another distinguishing characteristic and objective is that social innova-
tion aims to create social value for the wider community rather than for per-
sonal profit. According to Phills Jr. et al (2008, p. 39), social innovation is
“truly social only if the balance is tilted toward social value — benefits to the
public or to society as a whole — rather than private value — gains for entre-
preneurs, investors and ordinary (not disadvantaged) consumers”. Examples
range from the establishment of the International Monetary Fund or the
United Nations, the establishment of the Boy Scouts, open source software or
the introduction of flexible working schedules and maternity/paternity leave.
Drawing on Benjamin Franklin’s legacy, Mumford (2002) describes how
minor modifications within social organization can exert a decisive influence.
Initiatives as diverse as a subscription library, the police force and fire depart-
ment, paper currency, paving and lighting, a hospital and the University of
Pennsylvania are all examples of “acting on and manipulating function role
relationships, restructuring these relationships to achieve new goals or to
allow old goals to be met more efficiently”.

The Fair Trade movement is a more recent example. It has grown exponen-
tially from a moral rebuke of free trade into a worldwide movement and orga-
nization certifying, labelling, distributing and selling a wide range of products,
e.g. coffee, chocolate, bananas, cotton and other products. Its dynamic recon-
struction of the value chain links peasant farmers with consumers in a deter-
mined effort to ensure fair prices to the producers, protect against child labour,
create international certification and ensure sustainable agriculture. The real
success of Fair Trade has been to transform it from a fringe activity to a brand
that cities and towns themselves have sought to embrace and highlight as a
demonstration of ethical values — in the belief/realization that this is impor-
tant for its own citizenry and tourists. Corporate social responsibility fulfils a
similar role; companies like the Body Shop, Ben and Jerry’s and Patagonia
have “regarded their businesses both as a vehicle to make money and as a
means to improve society” (Vogel, 2005, p. 28) — albeit others might cyni-
cally argue CSR has proven to be a good marketing tool.

These different initiatives illustrate Charles Leadbeater’s contention that
“production for the masses is being replaced by production by the masses”. In
his book, We-think, Leadbeater (2009, p. xxi) described how this new social
and organizational landscape is also altering the way in which ideas are dif-

fused:

Scientific research is becoming ever more a question of organizing a vast number of
pebbles. Young scientists especially in emerging fields like bioinformatics draw on
hundreds of data banks; use electronic lab notebooks to record and then share their
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results daily, often through blogs and wikis; work in mult-disciplinary teams
threaded around the world organized by social networks; they publish their results,
including open source versions of the software used in their experiments and their raw
data, in open access online journals.

This description mirrors what Gibbons et al have been saying about the new
production of knowledge.

The progression from simple to complex — from disciplinary to inter/
multi-disciplinary — knowledge, has been reflected in the emergence of new
disciplines, methodologies and ways of thinking, transforming knowledge
economies and the way in which knowledge is actually created. Whereas tra-
ditional knowledge production, often referred to as Mode 1, was disciplinary
or “curiosity-oriented” usually conducted by individuals in secluded/semi-
secluded environment, “socially robust” or Mode 2 knowledge is created
within an expanded context of being useful. No longer confined to the uni-
versity, it is interdisciplinary and conducted in active engagement and collab-
oration with society — the wider community, civil society, industry, and the
region (Gibbons et al., 1994). Mode 1 research achieves accountability and
quality control through the peer-review process, while Mode 2 achieves
accountability and quality control through social accountability and reflexiv-
ity. Mode 2 moves the site of problem formation, investigation, discovery and
resolution into the public realm or “agora”. The “agora is the space in which
societal and scientific problems are framed and defined, and where ‘solutions’
are negotiated. It is the space, par excellence, for the production of socially
robust knowledge” (Gibbons, 2002, p. 59).

This transformation of knowledge production from something directed by
individual academics to an activity directed by external agencies mirrors the
transformation in the state’s role — but not its authority — from provider to
regulator, and from sole to partial financier of knowledge. There are now alter-
native and competitive sources of knowledge production — toppling the priv-
ilege of the “ivory tower”. Arguably, knowledge has become democratized in
the sense that more people are aware of the issues and are social actors in the
application of knowledge. In other words, knowledge has “ceased to be some-
thing standing outside society, a goal to be pursued by a community of scholars
dedicated to the truth, but is shaped by many social actors under the condi-
tions of the essential contestability of truth” (Delanty, 2001, p. 105).

It is within this context that there is a growing understanding that the
world’s “grand challenges” require collaborative solutions and inter-locking
innovation systems. They are not bound by borders and disciplines, but
require bi-lateral, inter-regional and global networks to tackle.

Interdisciplinary thinking is rapidly becoming an integral feature of research as a result
of four powerful ‘drivers’: the inherent complexity of nature and society, the desire to
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explore problems and questions that are not confined to a single discipline, the need to
solve societal problems, and the power of new technologies (CFIR, 2004, 2).

Grand challenge problems are of economic and social importance, and
include: Environment/Climate, Energy, Human health and healthcare deliv-
ery, Food, Water, Security, and Urban infrastructure.

Mode 2 research shares many of the characteristics of social innovation —
the former being a form of the latter. Both require a unique approach to prob-
lem-defining and problem-solving involving shifting roles and relationships
between the various partners, who most effectively come together from differ-
ent sectors and experiences as partners rather than adversaries. “In principle,
many people accept the trend of dissolving sector boundaries; in practice,
however, they continue to toil in silos” (Phills Jr, 2008, p. 42).

‘THINK & DO’ 2 NETWORKS

Higher education has, for a number of decades, especially in the U.S., been
involved in the movement for civic engagement. Recent initiatives include
thematically linked learning communities, community-based research, col-
laborative projects, service-learning, mentored internships, reflective experi-
ential learning and study abroad — with a focus on drawing meaning and
understanding from direct experience, critiquing theory in light of this prac-
tice, and then evaluating practice in light of the new knowledge. Campus
Compact ° is a network of over 1100 HEIs — no longer just in the U.S. —
which seek to bridge the town and gown divide.

The concept being promoted in this paper takes this initiative to another
level, building on the triple helix mode of innovation. It involves the estab-
lishment of “Think & Do” fora which bring together actors from civil society,
the state and state agencies, and higher education to mobilize and harness
knowledge, talent and investment in order to address a diverse range of prob-
lems and need through co-ordinated action. Rather, sustained, embedded and
reciprocal engagement is defined as learning beyond the campus walls, discov-
ery which is useful beyond the academic community and service that directly
benefits the public. Two developments from Ireland, both in their early stages,
suggest how social innovation can inject a new way of thinking about
“let[ting] knowledge serve the city”. 4

2 Northeastern University World Class Cities Partnership, (n.d.) “Global Impact on a
Local level” presentation. See also http://www.policyschool.neu.edu/news/index.php’nid=
114&navyear=2009

3 http://www.compact.org/

4 Vision of Portland State University, U.S.
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In 2008, the Dublin Creative Alliance was formed as collaboration
between four Dublin region Local Authorities, four Higher Education Institu-
tions, State Agencies, Business and the Not-for-Profit sector, and champi-
oned by Dublin City Council (DCC). Recognizing the benefit in maximizing
collective capacity beyond individual capability, the Creative Alliance is pre-
mised on the understanding that as economic activity has gone global, cities
now compete on global terrain for talent and investment. Thus the Creative
Alliance aims to help identify, discuss, recommend, distribute and implement
solutions in response to the challenges that Dublin faces as an International
Competitive City Region. Its aims are:

1. A committed leadership with a unified vision and a critical mass of

influence.

2. A clear vision of the unique strengths and future potential of the
city.

3. Anexcellent 3rd and 4th level sector that is internationally compet-
itive.

4. A City Region that is supportive of innovation and enterprise
through education, business and civic leadership.

5. A strong accessible information, communications and transport net-
work.

6. An open, merit-based, tolerant and inclusive society that promotes
well-being.

7. The delivery of projects in support of agreed objectives.

The concept builds upon and is linked to similar initiatives being devel-
oped under the World Class Cities Partnership Initiative, the Open Cities Ini-
tiatives, and the OECD Higher Education in Cities and Regions project. It
shares some characteristics of the classic triple-helix model, but goes beyond
technology transfer or “tri-lateral initiatives for knowledge-based economic
development” (Etzkowitz & Leydesdorff, 2000) to create a new boundary
crossing organization to solve civic challenges as the diagram below illustrates.

Rethinking The Triple Helix

Municipal

( Government

Higher
Education
/ Creative
Alliance

\ Business & I
R Community Working on Projects that
\\ Partners | Solve City Region Challenges
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Underpinning the strategy is a recognition that mutual benefits derive from
a multi-dimensional, collaborative and distributive model to problem solving.

We believe that by unifying resources, working on projects that solve our
City Region challenges and delivering on these projects, that we can place
Dublin as a creative and influential International City Region.

The organizational model for identifying, developing and implementing
initiatives is depicted by the following diagram. The numbered circles are
aligned to seven of the projects thus far identified (see below):

The complete CDA group still
meets to discuss the overall
purpose and strategy. For events,
or nominations of new
project possibilites

7 -
N Creative dublin
alliance ) . Membres divide into project teams.
6 4 One member acts as the lead on the
project. Gets feedback from other
project members and ensures that
The core DCC management there is a team of people under
group gathers all the inputs HIM/HER to whom the project can be
and advances from projects delegated and executed

Thus far, the Creative Alliance has selected a number core projects which
involve all partners in various permutations and include:

1. Innovation Dublin: Public events showcasing innovation and creativ-
ity in Dublin .

2. Economic Action Plan for the Dublin City Region that includes City
Indicators to benchmark Dublin’s performance internationally pri-
oritizing the actions agreed in the plan.

3. Public Identity: To build a distributed citizenship model that would
get Dubliners passionate about contributing to their city via discus-
sion forums, events, web presence, and project initiatives.

4. Branding Dublin: To develop a branding strategy for Dublin as an
internationally competitive and creative city so as to attract invest-
ment and talent.

5. Network Mapping: To identify the formal and informal cross-agency/
cross-sectoral alliances and linkages that exist across key players in
Dublin in order to capture existing and potential knowledge net-

5 See http://www.innovationdublin.ie.
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works and information flows and benefits that accrue as well as
weaknesses or gaps in participation or the networks.

6. UniverCities: An alignment of the teaching and research pro-
grammes of universities with the challenges of managing and plan-
ning for the future of the City.

7. Institute for the Twentyfirst Century will be an Institute for post-grad-
uate learning focused on design innovation and inter-professional
collaboration to identify solutions to the challenges facing the city.

Another example is being developed by the Dublin Institute of Technology
in association with Dublin City Council (DCC) and the Health Services
Executive (HSE). Together they have formed a non-traditional partnership to
develop an Environmental Health Sciences Institute (EHSI). Usually collab-
orative partnerships involve several HEIs as the core cluster, which then liaise
with stakeholder groups which operate in an outer circle of influence. EHSI is
different in so far as the core is the triangular partnership between an aca-
demic institution, the largest local authority in Ireland (DCC) and the
national organization responsible for providing health and personal social ser-
vices for everyone living in Ireland (HSE). The proposal aims to co-locate sci-
entists, technologists, social scientists, city planners, policy-makers and public
health/environmental health professionals to form an interdisciplinary, col-
laborative research platform in order to:

1. Inform environmental health policy, planning, decision-making;

2. Develop practical solutions to environmental health problems;

3. Study the impact on the health of vulnerable populations and facili-
tate investments to reduce the burden of chronic disease and injuries.

Rather than simply being members of stakeholder or focus groups, city and
health professionals will actively participate in scoping and setting the
research road-map and as end-users, through involvement of city residents, to
test and validate the applicability of the analysis and the “solutions”. EHSI
will exploit the academic-professional interface, and facilitate researcher
mobility, DCC/HSE staff development and re-training, technological devel-
opment, outreach and knowledge transfer activities. The following diagram
places users, researchers, practitioners/professionals, and policy-makers at the
centre of the research road-mapping process.

This inter-institutional, non-traditional collaboration is a model for the
integration of policy-makers, researchers and practitioners. It aims to drive
more public engagement with research and research engagement with society
in such a way as to enable the uptake of research questions from the city and
health authorities into the research agenda of the academic partners, and to
improve civil society’s access to and uptake of research findings. By involving
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the two key stakeholder groups — the city council on behalf of the citizens
and the health service directly in the process, EHSI aims to create a new form
of science communication, one in which the end-user and civil society are
active participants rather than passive consumers.

COMMUNITY ENGAGEMENT AS SOCIAL INNOVATION

John Voelcker (2006, p. 44) says “it takes more than a fancy new gadget to
make life better”. That’s why the examples above suggest how the principles
of social innovation can help transform the way in which higher education
interacts with its stakeholders and the wider community through the forma-
tion of new boundary-crossing organizations. Drawing upon Mumford’s

(2002) account,

e Social innovation may occur when people, particularly people with
somewhat atypical backgrounds, build structured institutions to
secure informal, naturally occurring relationships of value;

e Social innovation is underpinned by networks of community, enter-
prise and elite support;

e Social innovation may not require complete solutions but rather
timely, more limited solutions that address key issues while laying an
organizational foundation for more long-term efforts;

e Social innovation may, at times, lay a foundation for subsequent tech-
nical advances;
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e Social innovation requires marshalling, and effective management of
financial resources;

e Social innovation often involves a willingness to consider new ways
of structuring long-standing social relationships;

e Social innovation may, at times, involve a redefinition of roles and
role relationships to address the equity concerns of various parties; and

e Social innovation may be self-reinforcing and highly iterative, requir-
ing committed engagement by all the stakeholders.

These characteristics are present, in different degrees, in both the Creative
Alliance Initiative and the proposed Environmental Health Sciences Insti-
tute: they aim to overcome the diffusion of skills and experience amongst key
actors and across different sectors, the lack of involvement of end-users or the
community in framing both the agenda and the solutions, and the “neglect of
the needs of deprived [or vulnerable] groups within urban society” (Moulaert,
2009, p. 15). Rather than seeing innovation as the result of a discovery process
that is commercialized, it is viewed as a complex iterative process involving
an array of stakeholders and (end) users — from the private/public sector and/
or wider civil society — coupled with feedback loops and market linkages.
This approach challenges the traditional linear model, which tends to view
the user as a passive rather than active participant.

Success in both initiatives depends on the extent to which innovation
occurs in the social relations between the organisations, as well as transform-
ing the way in which needs are identified, road-mapped and problem-solved.
Identifying the requisite mechanisms to reconcile tensions between institu-
tional and collaborative loyalties, which are often not in conflict when all is
going well but may be challenged when difficulties arise, is important. The
organizational, management and governance practices and processes are crit-
ical in building true communication channels between the stakeholder
groups, including the wider community. This requires people who can think
outside the box, and whose contribution to new knowledge ill-fits the type of
metrics promulgated by global rankings. Thus, another essential element,
vital in the audit culture in which we live, is to find appropriate indicators to
measure, assess and reward community engagement, creativity and social
innovation in order to incentivise the academy and other professionals,
assuage investor-confidence and inform the public. This is critical because a
major handicap for faculty engaging in new forms of knowledge production is
that tenure/promotion and prestige still rewards Mode 1 outputs. If we truly
embrace Boyer’s (1990) four scholarships, this would not be an issue.

While “service” has been one of the three pillars of higher education (the
other two being education/teaching and research), these initiatives push the
envelope of community engagement beyond volunteerism and campus com-
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pacts to embed the principles of social innovation to rethink the relationship
between higher education and its community. Social innovation principles
have the potential to transform our understanding of knowledge transfer
beyond the traditional HE-industry partnership, science parks and economic
clusters. While social innovation is generally viewed as a process occurring
within the community, what is proposed here is not a magic bullet but a new
way of configuring higher education’s relationship with its stakeholders. New
thinking and effective boundary-crossing organizations are vital, especially in
tough times.
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“Newer doubt that a small group of thoughtful, committed citizens can change the
world; indeed, it is the only thing that ever has.” — Margaret Mead.

OVERVIEW

tarting with the rise of Silicon Valley in the 1960s and 70s, the different
stakeholders associated with U.S. research universities have emphasized
and nurtured the relationship between scientific research and techno-
logical innovation taking place at these universities and economic develop-
ment. The perceived importance of this relationship was reinforced by the
Bayh-Dole Act, the decline of the large corporate research laboratories, the
emergence of clusters of innovation and the rise of venture capital.
In a study of invention reports at Columbia University, Stanford Univer-
sity and the University of California, researchers found that the nature of

1 Acknowledgements: We would like to express our appreciation to Carver Mead for
helpful and enjoyable discussions on Caltech and its culture. They have had strong influ-
ence on the first author since he became the president of the institute. We would also like
to thank Fred Farina, director of Caltech’s Office of Technology Transfer, and his prede-
cessor, Larry Gilbert, for their work in creating a national model for university technology
transfer while bringing Caltech innovations to the marketplace.
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emerging areas of research, especially genetics and computer software, along
with court decisions on patentable research results, contributed significantly
to the expansion of university patenting and licensing activities. The passage
of Bayh-Dole, they concluded, served to “accelerate and magnify trends that
already were occurring” (Colyvas et al., 2002).

The first part of this paper addresses the most recognized forms of technol-
ogy transfer engendered by university research. It summarizes several studies
examining the direct evidence of innovation inspired by university research
such as patents, licences, start-up companies and other forms of economic
spillover effects. These are all important measures and reflect a great success
story that is emulated globally in both developed and emerging economies.

However, these measures don’t adequately capture the contributions of
university research to innovation. Several studies of the informal or indirect
effects reveal a much more complicated “innovation eco-system”. The foun-
dation of this system is built upon fundamental, curiosity-driven scientific
research and led by a relatively small number of institutions that create the
conditions where “unconventional” people can make discoveries that have a
disproportionate impact on society.

The final part of this paper uses a Caltech case study to illustrate the intan-
gible, yet profound, impact curiosity and fundamental research can have on
innovation and quality of life (including economic aspects). Such stories lead
us to believe that a national “innovation eco-system” needs universities like
Caltech that are driven by fundamental, curiosity-driven scientific research,
and must include mechanisms to support and leverage the unusual character-
istics of some of the best minds in the world. We will conclude with a few
remarks on this “Caltech model”.

SCIENCE AS A DRIVER FOR INNOVATION

The expectation for a return on the public investment in scientific research
has catalyzed a cottage industry for analysts and researchers interested in doc-
umenting the tangible contributions of research to economic development.
Several studies included here describe the extent to which inventors draw
upon publicly-supported research and the role faculty inventors and their
institutions play in the broader innovation ecosystem. Studies show that the
involvement of faculty inventors in the innovation process beyond the uni-
versity walls, as entrepreneurs or consultants to startup firms, is essential to
successful technology transfer. And the more eminent the researcher and the
home institution are, the more likely this occurs.

Inventors draw heavily upon the results of publicly-supported scientific
research. One way to assess the contribution of public science to innovation
is to examine the citation linkage between U.S. patents and scientific
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research papers. Narin et al. (1997) examined 100,000 patent-to-science ref-
erences and found:

® 73% of the papers cited by U.S. industry patents are based on public
domain science; only 27% are authored by industry scientists; and

e The reliance on U.S.-based scientific papers by inventors (with U.S.
Patents) increased dramatically, with the citations to U.S. papers tri-
pling between 1987 and 1994 (the increase in patents during that
period was only 30%).

They found that inventors show a strong preference for science conducted
in their own country, with “local” publications exceeding those from other
countries by a factor of two to four. And the cited papers are, in general,
“... quite basic, in influential journals, authored at top-flight research univer-
sities and laboratories, relatively recent, and heavily supported by NIH, NSF,
and other public agencies” (Narin, Hamilton & Olivastro, 1997).

Faculty inventors develop the results of basic research both within and
outside the university. Thursby et al. (2009) examined a sample of over
5,000 patents involving faculty members at Research I universities. Their
study addressed some interesting questions about the “outside” activities of
faculty inventors, including concerns about university technology transfer
policies and technology “going out the back door” of the university (Link, Sie-
gel & Bozeman, 2007). What this study found, instead, was evidence of legit-
imate faculty activity leading to economically useful results. They found that:

® 62% of the patents involving faculty members were assigned solely to
the university.
® 26% of faculty patents were assigned solely to firms.

The faculty patents that were assigned to firms tended to be “more incremen-
tal” (less transformative) than those assigned to universities. Nearly one-third
of those patents assigned to firms were to firms which identified the faculty
inventor as a principal. The authors concluded that the assignment of faculty
inventions to firms is primarily the result of consulting and not faculty inventors
circumventing university policy (J. Thursby, Fuller & Thursby, 2009).

THE UNIVERSITY IN THE INNOVATION ECO-SYSTEM

Numerous studies have found that proximity to the talent and technical
resources of leading research universities is a key factor in technology-oriented
economic development. Michael Porter identified the competitive advantage
of such “clusters”, with some of the most successful ones being Silicon Valley
in California or Boston’s Route 128 (Porter, 1998, 2007). It isn’t surprising
that most startups locate geographically close to the universities where the
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faculty-inventors reside. The success of such startups in moving an innovation
into the marketplace may be due, in part, to the role of tacit knowledge
embodied in the inventor that is not easily communicated through formal
patent and licensing documents (Di Gregorio & Shane, 2003; J. Thursby et al.,
2009). According to one study, faculty/university led startups are “dispropor-
tionately successful” among startup firms and some universities generate more
of these new businesses than their competitors. In 1998, nearly 70% of the
2,578 faculty/university startups created since 1980 were still in operation
(AUTM, 1998).

One reason other firms may locate within a regional cluster is to gain stra-
tegic advantage, for example, through the placement of key individuals within
an innovation network (Colyvas et al., 2002). The importance of geographic
proximity, however, likely varies with the type of research and its relevance
to the technology base of an industry sector. In one study of innovations
among 66 firms in 7 manufacturing industries, the researchers found that geo-
graphic proximity was less important for those innovations that drew upon
basic research (Mansfield, 1995). For applied research, they concluded that
close location was important to support face-to-face interaction between aca-
demic and industrial researchers (Mansfield, 1995).

An increasing number of universities have established technology transfer
organizations to facilitate the movement of intellectual capital from the cam-
pus into the marketplace, especially since the passage of the Bayh-Dole Act in
1980. Researchers at the Kauffman Foundation expressed concern about the
goals and expectations of technology transfer activities: whether technology
transfer organizations are gatekeepers focused on revenue maximization or
facilitators of commercialization. These different goals have implications for
innovations with longer- versus shorter-term potential, or for innovations
“that might be highly useful for society as a whole, even if they return little or
nothing in the way of licensing fees”. They worry that an over-emphasis on
licensing revenue may lead many universities to overlook innovations impor-
tant to society as a whole (Litan, 2007).

Some studies provide insight into the effectiveness of various university
approaches to technology transfer. A case study of 11 inventions in software
and molecular biology from Columbia University and Stanford, for example,
provides some insight into the role of technology transfer organizations (Coly-
vasetal., 2002). They found that such organizations were not critical for mak-
ing contacts with industry, marketing the inventions, or inducing industry
interest. They were useful, however, in making arrangements for licensing,
facilitating the patent application process, and defining/protecting the uni-
versity interests.

Di Gregorio and Shane (2003) examined the variation in startup activity
among 101 research universities (including 89 of the top 100 research univer-
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sities, by research expenditures, accounting for 85% of the patents assigned to
universities in the U.S.). They found little or no effect from university incu-
bators, internal venture capital funds, the level of local venture activity, or the
commercial orientation of the university research. They found a strong influ-
ence on startup activity from university policies related to equity investments
and inventor share of royalties. They found that higher inventor-shares of roy-
alties correlated with lower rates of startup company formation. “Intellectual
eminence” of the university significantly predicts startup activity in that it
attracts resources to establish companies (by reducing perceived risk associ-
ated with “asymmetric information” about inventions). They concluded that
“better quality researchers are more likely to start firms to exploit their inven-
tions” (Di Gregorio & Shane, 2003, pp. 210-212).

‘CROSS-BOUNDARY’ INTERACTIONS IN
THE INNOVATION ECO-SYSTEM

Numerous studies and reports on the contributions of fundamental scientific
research to innovation and economic development acknowledge that a focus
on patents, licences and startups is incomplete and would grossly underesti-
mate the value of basic science in the innovation ecosystem. The develop-
ment of science and engineering talent for the workforce, open scientific pub-
lications, conferences and consulting are just a few ways science diffuses into
the broader economy. Another way to think about the contribution of funda-
mental scientific research is through the natural give and take between basic
and applied research, between science and technology.

Stokes (1997) coined the term “Pasteur’s quadrant” for “use-inspired” basic
research, reframing the relationship between scientific understanding and
technology, and suggesting a way to renew the compact between the scientific
community and the public that supports it. Stokes argues that research in
“Pasteur’s quadrant” will lead to support for pure research because as “the
emergence of goal-oriented basic research within a scientific field strengthens
the case for public investment, it also strengthens the case for public invest-
ment in the pure research that will enhance the capacity of the field as a whole
to meet the societal goals on which it bears” (Stokes, 1997, p. 104).

Use-inspired research may support the “co-evolution” of science and tech-
nology in emerging science-based fields. Murray (2002) set out to examine
such co-evolution in the field of tissue engineering. In a study of the 56 pat-
ents and 158 papers associated with tissue engineered cartilage, she found lit-
tle overlap in scientific and technological networks in this field, but signifi-
cant “cross-boundary” ties not captured formally in patents and papers. This
co-evolution occurred through key scientist involvement in patenting and
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technology development, the creation of startup companies, consulting and
informal science advising and mentoring (Murray, 2002).

Studies of industrial research and development (R&D) managers support
the idea that fundamental- and use-inspired scientific research contribute sig-
nificantly to the innovation process. In a study of R&D managers from
66 firms in seven manufacturing industries, researchers found that scientific
research provided new theoretical and empirical findings as well as new types
of instrumentation “essential to the development of a new product or process”
(Mansfield, 1995). They found that approximately 10% of innovations from
the industry sample could not have been developed or completed without
recent academic research. And when asked to identify key researchers, the
firms’ top R&D managers most frequently cited “world leaders” in science and
technology (Mansfield, 1995).

In the Carnegie Mellon Survey on Industrial R&D, researchers attempted
to assess the contributions of public science to industrial R&D (Cohen, Nel-
son & Walsh, 2002). Using data obtained from over 1,000 industrial R&D
managers in 1994, they found “... [t]his conception of a more interactive rela-
tionship where public research sometimes leads the development of new tech-
nologies, and sometimes focuses on problems posed by prior developments”
(Cohen et al., 2002). Public research contributed about equally as a source of
ideas for new projects and for information needed to complete projects:

® 31.6% of the R&D managers indicated that university or government
research was the source for new ideas or projects.

® 36.3% of the R&D managers indicated that university or government
research provided information used in the completion of a project.

Researchers in industry and in the academy share similar perceptions of the
relative importance various forms of knowledge transfer have on innovation.
Cohen et al. (2002) asked industrial R&D managers about the importance of
public research to a recently completed “major” R&D project. A survey of fac-
ulty in mechanical and electrical engineering at MIT asked about the relative
importance of various mechanisms for knowledge transfer (Agrawal & Hend-
erson, 2002). We have placed results from the two studies into the table below
(Table 1). Though drawn from very different study designs and sample sizes,
the results show similarities nonetheless.

Faculty consulting is important for technology transfer, but some forms of
consulting may actually support the development of new insights and tech-
nologies. Perkmann and Walsh (2008) describe three types of faculty consult-
ing and their relationship to innovation in firms: opportunity-driven, com-
mercialization-driven and research-driven. Opportunity-driven consulting
builds upon knowledge commonly held in the academic community, is gener-
ally short-term and plays little role in innovation as it focuses on solving
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Table 1

MIT Faculty Survey (n = 68) Industrial R&D Managers Survey (n = 1229)

(Agrawal & Henderson, 2002) (Cohen et al., 2002)
Consulting 26% | Informal Information Exchange 31-36%

(conferences, consulting, meetings)

Publications 18% | Publications and Reports 41%
Recruitment of Graduates, 12-17% | Recruitment of Graduates, Joint/ 17-21%
Collaborative Research cooperative Ventures
Patents and Licensing, <9% | Licences and Personnel exchanges <10%
Co-supervising Students,
Informal Conversations,
Conferences

immediate problems as opposed to proposing new ideas for development
(Perkmann & Walsh, 2008).

Patent and licence documents often provide insufficient information to lic-
ensees to develop successfully inventions for the marketplace. To fill this
information gap, faculty inventors engage in commercialization-driven con-
sulting. Such consulting strives to “capture such latent knowledge” and is
often motivated by the faculty inventors’ desires to commercialize their own
inventions (Perkmann & Walsh, 2008). Such consulting, as noted by Jerry
and Marie Thursby and their colleagues, is essential for the successful com-
mercialization of nearly three-quarters of inventions licensed from universi-
ties and may result in additional patents assigned to the licensees (J. Thursby
etal., 2009; J. G. A. Thursby, Jensen & Thursby, 2001).

Research-driven consulting, Perkmann and Walsh argue, forms a “circular
relationship” between faculty members conducting fundamental scientific
research and the industries that develop technologies. Perkmann and Walsh
note the synergistic effect when “research is recursively intertwined with tech-
nological development.” Faculty will be motivated to participate to obtain
access to “research challenges, data, materials and instrumentation” and
industry will gain insight into development opportunities. The authors pre-
dict that research-driven consulting would not shift academic research into
applied areas and would “be practised mostly in Pasteur-type fields, i.e. those
fields that combine fundamental scientific understanding with practical usage

considerations” (Perkmann & Walsh, 2008).

EXTRAORDINARY PEOPLE IN THE INNOVATION ECO-SYSTEM

The studies discussed in this paper and common sense tell us that faculty
inventors and researchers conducting scientific research are essential compo-
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nents of our national innovation ecosystem. Over the past decade or so the
decline in U.S. students studying engineering and science has been alarming.
It is a concern for our national competitiveness in a technology driven world
which requires a technologically savvy workforce. From the standpoint of
innovation per se, it leads us to think about whether innovation is driven by
a large number of engineers and scientists, or a smaller number of truly cre-
ative, game-changing scientists and engineers. It reminds us of a favourite
quote from Margaret Mead:

“Never doubt that a small group of thoughtful, committed citizens can change the
world; indeed, it is the only thing that ever has.”

What conditions lead to game-changing innovation? What allows research-
ers to take the risks they need to break through conventional understanding
with insight that creates new opportunities? In his long-term study of research-
ers in elite universities, Edward Hackett describes risk-taking as a choice
between “answering research questions or forming research questions to answer;
between studying phenomena or investing in the creation of phenomena to
study and the means to do so.” He said: “... the most intense and consequential
competition in science is the competition to avoid competing” (Hackett, 2005).

It is ironic then, as some have noted, that one of the main methods for eval-
uating the creativity of scientific work is the peer review: pitting plausibility
and validity (or conformity) against originality (Heinze, Shapira, Rogers &
Senker, 2009). Several national groups lament the relatively low amount of
exploratory, high-risk research in the U.S. public research portfolio and its
implications for our innovation ecosystem (U.S. Committee on Prospering in
the Global Economy of the 21st Century, 2007). And others have noted that
mechanisms to foster university-industry research collaborations have a ten-
dency, when spun off federal funding, to become more near-term and applied
in focus (Feller, Ailes & Roessner, 2002).

Innovative people thrive in universities that share some important charac-
teristics. One study examined the organizational context of research groups
involved in 20 “creative events” in human genetics and nano-science/tech-
nology (identified through awards of prestigious prizes and a peer nomination
survey) (Heinze et al., 2009). They found that a “combination of small work
units in rich research contexts with requisite scientific variety” allowed the
researchers to eliminate dead-ends, thereby improving the effectiveness of
high-risk research. Other characteristics include:

small groups composed of a highly selective community of scholars
effective student-supervisor relationships;

stable and flexible research funding; and

multidisciplinary contact among those who share “mutual curiosity
and interest”.
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They found that truly creative discoveries were made by “bright and curious
minds” who had the freedom to define and pursue interests both within and
outside of broadly defined or long-term research agendas (Heinze et al., 2009).

Let’s turn now to a case study of one such bright and curious mind in the
“right” institutional context. Carver Mead, the Gordon and Betty Moore Pro-
fessor of Engineering and Applied Science (Emeritus) at Caltech, is interested
in the fundamental properties of materials and their relationship to the design
and development of a wide array of technologies. Winner of the National
Medal of Technology in 2003, his story as a rural California native captivated
in his youth by power plants and radio technology has been told by many
(Brown, 2003; Kilbane, 2004; Spice, 2002). He arrived at Caltech in 1952 as
an undergraduate and took mathematical physics from a young Richard Fey-
nman and chemistry from Linus Pauling, whom Mead credits with helping
him understand quantum mechanics. Since his arrival in 1952, Mead has
helped shape and been shaped by the context of a small institution highly
focused on fundamental science and technology research.

“... [Ylou can sit down at any table in the Athenaeum [Caltech faculty club] over
lunch and have a discussion with someone and you find out what the real fundamen-
tal things are in a particular field. And that, to me, is what sets this place apart from
anywhere else” (Mead, 1996).

Mead studied the “detailed physics of the contacts between metals and
semiconductors” and his insights led to the development of a new kind of
transistor. When challenged by Gordon Moore of Fairchild Semiconductor
(and later, Intel) to determine the smallest size possible for transistors, Mead
not only predicted the size to be two orders of magnitude smaller than thought
possible by other scientists in the field (0.15 micron versus 10 microns), he
also realized that the challenge for future development of microchips would
be the design of chips with millions of transistors (Kilbane, 2004). His inno-
vative response was the development of an automated process for chip design,
called very large-scale integration (VLSI), involving a “silicon compiler” that
would chart the silicon circuit and plot the design to be etched on a silicon
chip (Brown, 2003).

At Caltech, curious minds can meaningfully explore other disciplines,
sometimes leading to the creation of new fields or academic programmes. In
1980, a new professor of chemistry and biology sparked Mead’s interest in
“neural stuff” and it relationship to computation in silicon, an interest that
had its origins to a time in the late 1960s when Mead collaborated briefly with
Nobel laureate and Caltech professor of biology Max Delbruck (on a study of
nerves and lipid bilayer membranes). He and this new professor, John
Hopfield — joined one year later by Richard Feynman — co-taught a course
called the Physics of Computation. This course became a learning-laboratory
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of sorts in which they argued, reasoned and fermented ideas that became a
course on neural networks for Hopfield, a course on neuromorphic analog cit-
cuits for Mead, and a course on physics and computation for Feynman (Mead,
1996).

This collaboration ultimately led to the formation of the programme in
Computational and Neural Systems at Caltech involving faculty in cognitive
and behavioral biology, electrical engineering and computer science. Mead
says: “It’s a really remarkable concentration of talent with quite a good shared
vision [neuromorphic way of looking at systems]. That’s really an amazing
thing; I mean, at Caltech usually everybody goes their own way. We have no
mechanism for corralling people at Caltech. Thank God, we don’t have that
mechanism. That’s why I'm still here” (Mead, 1996).

But the knowledge and technology transfer process isn’t a one-way street
from the university to the marketplace. Like his interaction with Gordon
Moore that provided insight into the scaling challenge in microchip design,
Mead’s collaboration with a variety of Silicon Valley firms fed his research
curiosity. His discussion of his relationship to industry describes the type of
use-inspired basic research advocated by Stokes in Pasteur’s Quadrant:

“I've gotten most of my research issues, down through the years, from my interaction
with Silicon Valley, but not because they told me to work on [particular projects]. It
was because I was working with them and I could figure out, ‘Gee, that’s an inter-
esting fundamental thing and they don’t have time to look at it.” So I would go off
and look at it, and then I'd go back to [someone like Gordon Moore] and say, ‘Hey,
I did this and this and this.” “Oh, that’s interesting.” So there was always a good
mutual back-scratch” (Mead, 1996).

Mead’s curiosity in the scientific underpinnings of technology is matched
by his entrepreneurial talent. His work on “neurally-inspired chips” found its
way into several innovative technologies and associated spinoff companies,
including touchpad systems (Synaptics), digital hearing aids (Sonic Innova-
tion) and high-fidelity imaging systems (Foveon). His ability to get students
interested in his research has resulted in the creation of more than 100 high-
tech companies by his former students (Kilbane, 2004)!

THE CALTECH MODEL

As noted earlier, the philosophy for technology transfer at many universities
is based on either a “home-run” or revenue maximizing model or a “volume”
model, with the latter focusing on the number of innovations and the speed
at which they are commercialized (Litan, 2007). Carl Schramm, President
and CEO of the Kauffman Foundation, places Caltech in the “Big Five” of an
elite group of institutions involved in technology transfer:
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“... Just five schools, in fact, constitute the elite of the technology transfer world.
They are Berkeley, Caltech, Stanford, MIT and Wisconsin. The list of universities
reporting new discoveries changes from one year to the next, but each of these five
schools consistently garners around 100 patents per year. Not every patent becomes
the basis of a business, of course, but some do. And what is remarkable about the
five schools abowe is that, in addition to producing new ideas, they consistently rank
at the top of the list of universities in terms of how many businesses are built around
the technologies created in their labs. Along with teaching and doing research, they
seem to be in the business of inventing companies” (Schramm, 2006).

Schramm argues that the Big Five’s secret to technology transfer success is
that they (1) “treat business people as allies and equals;” (2) “encourage stu-
dents to think about the business potential of their academic research;” and
(3) resist “the temptation to monitor and regulate business relationships
aggressively” (Schramm, 2006).

Many people not intimately familiar with the descriptive statistics of
Caltech are often surprised to learn that it has only 295 full-time tenure-track
faculty members, roughly 925 undergraduate students, and 1,200 doctoral stu-
dents. Caltech scholars have garnered 32 Nobel prizes, 49 National Medals of
Science and 10 National Medals of Technology. Our community also includes
105 members of the national academies of science and engineering.

The Caltech office of technology transfer (OTT) was established in 1995,
much later than many of our peers. The OTT operating philosophy is based
on trusting, collaborative relationships with the scientists so no extensive
technology evaluation is needed. It supports our belief in the intrinsic value
of the Caltech discoveries over revenue, encourages faculty and staff to pursue
patents aggressively, and actively encourages start-ups founded with faculty
inventions. Caltech scientists and engineers have, on an annual basis, filed
150-200 invention disclosures, been awarded 120-140 patents, licensed 40-50
inventions and established 8-12 new start-up firms.

These numbers suggest Margaret Mead is correct and that unusual talent is
the key to extraordinary results. We should also note that even in the rarefied
air of Caltech a number of faculty members repeatedly innovate at levels
above the “average”. In addition, faculty innovation is supported by critical
contextual factors: access to first-class laboratories, outstanding students and
post-doctoral fellows, and an environment that encourages curiosity driven
research and interdisciplinary work.

Caltech faculty and students want to have an impact disproportionate to
the size of the institution. We believe they do and the perception of the public
at-large is that they do. Scientific discoveries with a transformative impact on
knowledge and subsequent innovation are more than often conducted or at
least inspired by unusual individuals. At the level of a nation, we believe it is
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critical to assure the portfolio of research investments include the support of
organizations and programmes which nurture such individuals.
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THE CHANGING LANDSCAPE

uccess today hinges on our abilities to harness human potential, com-

bine creativity with new knowledge and ensure economic impact is

quickly derived from money spent on research. U.S. strength continues
to lie in the ability to master innovation, but the future increasingly depends
on our ability to also collaborate, optimize resources and align parties around
common national agendas.

It is also clear that industry continues to be a critical force in the innova-
tion equation, but the role that industry plays has changed dramatically over
the last 30 years. Only through clear understanding how this innovation eco-
system has evolved over time can we hope to capture the true nature of sus-
tainable success in the 21st century.

This paper reviews the evolution of the private sector’s contribution to
innovation over the last 40 years; it illustrates this shift through case study
examples of successful innovation and extracts best practices as food for
thought going forward.

Recent studies have indicated that the source of high-level innovations has
changed considerably in two key ways. “First, large firms acting on their own
account for a much smaller share of award-winning innovations, while inno-
vations stemming from collaborations with spin-offs from universities and
federal laboratories make up a much larger share. Second, the number of

1 The author would like to acknowledge, with gratitude, the assistance of Mr Dan
Marcek in the preparation of this chapter.
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innovations that are federally-funded has increased dramatically.” (Block &
Keller, 2008) The conclusion from this study is that the U.S. innovation sys-
tem has become more collaborative in nature and federal funding now plays a
more catalytic role.

A recent data analysis of the top 100 R&D awards over the past 40 years,
conducted by the Information Technology and Innovation Foundation, indi-
cates that a significant majority of these award-winning U.S. innovations in
the 1970s came from corporations acting on their own.

Over the last two decades the majority of innovations have shifted and now
come from partnerships involving universities, business and government,
including federal labs and federally funded university research. The figures are
80% vs. 66% respectively. In sum, the innovation ecosystem is much more
collaborative than it was several decades ago and the federal government is
now playing a much more integral role.

There are several factors which have created this outcome: “(1) growing glo-
bal competition is shrinking technology life cycles; (2) the complexity of emerg-
ing technologies is beyond the internal R&D capabilities of even the largest
firms; (3) the expansion of R&D capability in more industries is causing R&D
investments to spread vertically in high-tech supply chains, which increases the
potential for the loss of value added from a single domestic economy; and (4) a
growing number of nations are responding to these trends by implementing new
mechanisms that increase the efficiency of R&D.” (Tassey, 2007)

From an economic viewpoint, the period of the last 40 years has demon-
strated the growing importance of scientific and other knowledge in the inno-
vation process, while at the same time the sophisticated nature of technologi-
cal advances increasingly requires close cooperation across multidisciplinary,
possible geographically disperse, teams. In some ways, the old distinction
between “basic science” and “applied science” has become obsolete, with proof
of concept work being more the norm.

After World War 11, the U.S. was dominated by large corporations. These oli-
gopolies allowed higher levels of risk and subsequently investment in more radical
and higher payoff technologies. In the 1950s and 1960s, this resulted in large cen-
tral research labs in firms such as AT & T, General Electric, IBM, RCA and Xerox.
However, in the period that followed, foreign firm competition, decreased govern-
ment regulation, increased computerization, shifts in consumer preference away
from standardized products and shifts in the financial marketplace to prioritize
increasing short-term returns to shareholders, fundamentally changed the way
long-term research was managed. Perhaps the biggest change was the closing down
of corporate research laboratories or a significant reduction in in-house R&D bud-
gets. Increased outsourcing and a need for external partnerships followed.

The innovation ecosystem was further impacted by changes in Federal
Government policy and practice. Policies to increase the commercial impact
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of research (mostly in response to Japanese competition), the passing of the
Bayh-Dole Act which allowed universities to commercialize research, invest-
ment programs such as the Small Business Innovative Research (SBIR) pro-
gram, Advanced Technology Program (ATP), Manufacturing Extension Pro-
gram (MEP), National Nanotechnology Initiative and SEMATECH are all
examples that emerged during this period. They were then followed by similar
examples from the Department of Energy (DOE) and the National Institute
of Standards and Technology (NIST). The National Science Foundation
(NSF) and the military supported a more decentralized system of university
laboratories that build localized networks of collaboration with groups of
industry partners. During this time NSF launched a series (17) of Engineering
Research Centers which are interdisciplinary, located at universities and
operated in close partnership with industry. (Block & Keller, 2008)

These various initiatives launched in the 1980s essentially coalesced into a
system or “triple helix” of university-industry-government collaboration that
has become central for innovation (Etzkowitz, 2003). This centrality of net-
works has played a major role in the effectiveness of the U.S. innovation pro-
cess, and there are several reasons this approach has worked. First, the need to
assemble all relevant forms of expertise under a single organization is imprac-
ticable and expensive. Second, the connections between the knowledge
embodied in one or more organizations are most critical for the innovation
process. The sparks produced when these different approaches combine facil-
itate effective new approaches (Hargadon, 2003).

THREE CASE STUDIES: NORTHEASTERN U.
CENSSIS; UCSD CALIT2; EFTA

Looking at the role that industry plays in the innovation process, it is helpful
to review Case Studies that illustrate why the private sector partnerships are
critical for successful innovation. Three programs have been selected, each
representing a different strategy for impacting innovation.

The first case study, the Northeastern University Center for Subsurface
Sensing and Imaging Systems (CenSSIS), is an NSF-funded Engineering
Research Center (ERC). This is an example of a long cycle (10 years) invest-
ment, with industry playing a key role from conception. The second case
study, the University of California San Diego Calit2 — “A Systems Approach
to the Future of the Internet and its Transformation of our Society”
— involves a state-funded initiative based on an integrated strategy of com-
plex partnerships. The third case study — Engineering for the Americas —
illustrates far-sighted investments by the private sector in the creative side of
the innovation ecosystem itself. This capacity-building initiative has worked
to enhance the innovation ecosystem of the Americas by capacity-building in
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engineering. Hemispheric competitiveness depends on technology and inno-
vation — through EftA, governments, universities and industries have part-
nered to address systemic changes with economic results.

Center for Subsurface Sensing and Imaging Systems

The Northeastern University Center for Subsurface Sensing and Imaging Sys-
tems (CenSSIS) was awarded in 2000 by the National Science Foundation as
part of its Engineering Research Center (ERC) program. Funded in two por-
tions, the program will last 10 years and ultimately receive $37M from NSF.
Matching funds from the University total $12M over this period. Since its
inception eight years ago, it has been considered one of the most successful
examples of the ERC Program. Its beginning was less promising.
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&%/ 10 Year Strategic Plan

Engineered Bio-Medical Environmental-Civil
L3 System Applications Applications
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L) Technologies Validating TestBEDs
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[t started out as an unsuccessful proposal with feedback that Northeastern could
not expect to perform this level of research as an R2 school. Enter a new Dean of
Engineering and a committed corporate partner and that changed everything.

Alan Soyster was appointed Dean of Engineering in 1999. He came from
Penn State where he was a Department Chair. Assessing the NSF rejection
letter, he realized that Northeastern could not win a research program of this
scope alone and that he needed a core industry partner to drive the initiative.
Raytheon Company fit the bill.
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Raytheon was a long-standing partner who hired many Northeastern engi-
neering graduates and coops. Its President was an engineering alumnus and
the subject area was core to its defence technology and recent interest in envi-
ronmental sensing. Raytheon was also an aerospace contractor, familiar with
how to win federally funded programs by delivering compelling proposals.

Addressing the concern that Northeastern did not have the capacity to per-
form all of the multidiscipline research, a strategy of partnership was developed
wherein Boston University (acoustics), RPI (video imaging) and the University
of Puerto Rico (satellite spectral imaging) were added to the team. The Presi-
dent of Northeastern also committed to invest $500,000 to seed the proposal.

For a medium-sized R2 university, this kind of activity represents a large
gamble, but the clear role of Raytheon as proposal manager, research collabo-
rator and contributor played a major role in winning the program. As impor-
tant as winning the program was to the partners, however, it was the subse-
quent involvement by senior leaders from Raytheon and other industry
participants that led to the outstanding string of successes that CenSSIS is
known for today.

The goal of the Center was to revolutionize the ability to detect and image
biomedical and environmental-civil objects or conditions that are under-
ground, underwater or embedded within cells or inside the human body. A uni-
fied, multidisciplinary approach combining expertise in wave physics, sensor
engineering, image processing and inverse scattering with rigorous performance
testing to create new sensing system prototypes that are transitioned to industry
partners for further development. Some of the most difficult and intractable
problems in sensing and imaging involve detecting, locating and identifying
objects that are obscured beneath a covering medium. Mapping pollution
plumes underground, detecting a tumour inside the body, and identifying devel-
opmental defects in the interior of a multi-celled embryo all share the problem
of distinguishing the effect of a dispersive, diffusive, and absorptive medium
from the desired details of the subsurface structure and functionality. The prob-
lem is similar whether the wave probe is electromagnetic or acoustic, whether
the medium is soil or tissue or whether the target is a land mine or a tumour.

Ultimately, to address the research barriers common to advanced biomed-
ical and environmental-civil applications of subsurface sensing and imaging,
CenCISS combined the four universities already mentioned with four affili-
ated hospitals and research institutions: Lawrence Livermore National Labo-
ratory, Massachusetts General Hospital, Brigham and Women’s Hospital and
Woods Hole Oceanographic Institution.

Now fast forward to 2009. The CenSSIS program has received $37M from
NSF as compared to the original estimate of $28M. In addition, a total of
$12M in university matching funds has been achieved over the 8-year period.
In 2006 a $20M gift from the Gordon Foundation was made to sustain R&D



98 Part II: Agents of Innovation

infrastructure and create the Gordon Engineering Leadership Program. Over
the 8-year period, corporate partners have won 11 R&D proposals totalling
$40.4M from key agencies including Department of Homeland Security,
DoD, NASA, Army SBIR, NIST and ALION. This represents a clear “Return
on Investment” to the Center’s industry partners. University partners have
been successful in winning over $20M for additional research from NSF
(IGERT), DHS, NIH, NIST and NIEHS.

The commercialization of Center technologies has provided additional rev-
enues from: a portable confocal microscope for skin cancer detection; auton-
omous underwater vehicle; IR-based explosives detection; NVIDIA chip
acceleration of tomosynthesis; new CT techniques to detect cardiovascular
blockages and cell counting for reliable in vitro fertilization. There are cur-
rently 15 industrial members, including Raytheon, the Idaho National Engi-
neering and Environmental Laboratory, AFOSR, Analogic, Lockheed Mar-
tin, Sloan Kettering Cancer Center, Mercury Computer Systems, Textron,
Siemens and American Science and Engineering. Lastly, Raytheon Company
has been awarded a Department of Homeland Security contact in excess of
$400M based upon technology developed in the Center.

There are several conclusions that can be drawn from this set of accomplish-
ments. One which has not been discussed is the importance of the excellent lead-
ership of the PI from Northeastern, Michael Silevitch who has led the program
from proposal to the current day. Not only have the research and commercial
outcomes been spectacular, but so have the impacts on education. From K-12
outreach to opportunities for undergraduate research hundreds of students have
benefited. The recent NSF IGERT grant in Puerto Rico continues this work.

Looking at the private-sector contribution, it is clear that the diverse group
of partners has enriched the research outcomes and provided the marketplace
grounding necessary for commercialization. Key to this success has been an
industry-driven three-level strategy that enables the solution of diverse prob-
lems by coupling a tops-down approach that integrates fundamental science
with enabling technologies and engineered systems. The industrial advisory
board has played a key role from the first review, with hard-hitting SWOT
analyses that were transformative to the program’s success. The end result was
that system applications were built around real world problems with biologi-
cal-medical applications and environmental-civil applications.

California Institute for Telecommunications
and Information Technology (Calit2)

The state of California took a noteworthy approach to innovation and collab-
oration early in the new century. In December of 2000, Governor Gray Davis
proposed the creation of up to four California Institutes for Science and Inno-
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vation to be jointly funded with industry and having the goal of integrating
research in California universities with industry and economic impact.

Federal Agencies Have Funded Over $400 Million

to Over 300 Calit2 Affiliated Grants
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This state-level strategy was intended to “ensure that California maintains
and expands its role at the leading edge of technological innovation in the
21st century” and to “give rise to world-class centers for strategic innovation
that combine excellence in cutting-edge research with collaborations and
training for our next generation of technological leaders”. The subjects cho-
sen were explicitly cross-disciplinary: biomedicine and bioengineering, nano-
systems, telecommunications, and information technology. The price tag
wasn’t high. Each institute had to find private sector matching funds of at least
twice the level of state support and had to be hosted by at least two campuses.
(Kao, 2007)

Since that time, the California Institute for Telecommunication and Infor-
mation Technology (Calit2) was formed. Calit2 has focused research on
addressing large-scale societal challenges through a multidisciplinary approach
intended to connect theory and ideas with partners in industry to accelerate
innovation and encourage development of ideas. By striving to move beyond
traditional research and integrate with practice, Calit2 has impacted real-
world solutions in contexts ranging from large, established companies to start-
up spin-offs.
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From their website: Calit2 represents an experiment in inventing the uni-
versity research environment of the future to continue to fuel innovation in
the global economy. It:

e Builds horizontal links among departments to foster multidisciplinary
studies.

e Creates research teams consisting of members who can be located
anywhere because of the Internet.

e Supports involvement by faculty, students, industry, government and
community partners.

e Enables prototyping in Calit2 “living laboratories.”

e Provides technical professionals as the bridge between academia and
industry.

Calit2 has demonstrated sustained success and the ability to act as a catalyst for
impacting the California economy. Today UC San Diego and UC Riverside count
over 350 faculty involved in Calit2 from over two dozen departments. Activities
impact faculty, students and the community and are focused on integrating tech-
nology consumers and producers. Over $100M in building funding has allowed
Calit2 to create “living laboratories” in areas of technical convergence.

Campus life has been greatly impacted due to the increased ability to inte-
grate research into teaching. Students are now exposed to challenging ques-
tions faced in research facilities while faculty reaps the benefits of greater
industry involvement (and the associated increase in support). Partnerships
with industry have resulted in joint grant application, fellowships, intern-
ships, endowed Chairs, an emphasis on entrepreneurship in campus cultures
and an expanded palette of intellectual pursuits.

But on the Industry side, returns are even more impressive. Myriad research
centers and institutes have formed or become involved in Calit2 activities
including networked systems, wireless communications, machine perception,
microscopy and imaging, and structural genomics, to name a few.

From this traditional model, Calit2 also enables industry by providing access
to state-of-the-art facilities, allowing industry to have access to unique
resources and capabilities. Examples in this are the new clean rooms at UCSD,
the Leading Edge Photonic Laboratory and the Machine Perception Lab in which
company partners play visible, active roles in research areas of business import.

Calit2 has also continued to evolve industrial offerings in other areas.
Today, cooperative test beds exist on power transistor tradeoffs, power ampli-
fier tradeoffs, and digital signal processing tradeoffs and provide vendor neu-
tral analysis opportunities and a forum for discussing shared problems. Other
innovative efforts include a Nano-Bio-Info Innovation Library.

Outcomes have been impressive with Calit2 affiliated proposals winning
over $400M in federal funding and another receiving $93M in Industry sup-
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port. In one example, Qualcomm has invested over $22M in Calit2 projects,
faculty and students.

Calit2 is an excellent examples of the successful strategy embarked on by
Gov. Davis and committed to by the leaders and legislatures of California
since. A culture of research integrated with economic outcomes is ideal and,
through investment in these institutes, California has taken proactive action
to ensure relevance of its universities, health of its industries, and a solid foun-
dation for employment of the workers of their state.

Engineering for the Americas (EftA)

Innovation is not always about products and services. Innovative partnerships
can also address more fundamental questions of workforce creation, talent for-
mation, and the balance between the creative needs of industry and priorities
of academe. This technical innovation example is concerned with exactly
those issues: how can we develop an innovation ecosystem able to improve
competitiveness while equitably managing opportunity?

Engineering for the Americas (EftA) is an initiative of technical capacity
building in engineering for the hemisphere of the Americas in order to facili-
tate the attraction of foreign direct investment (primarily from multi-national
companies), the stimulation of small technology based businesses by entrepre-
neurs, and creation of high-quality/high-salary employment in the region for
socio-economic development.
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Engineering Engineering-centric
for the Partnership Today

Americas
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In collaboration with the Organization of American States (OAS),
endorsement of this thrust was obtained from the Ministers of Science and
Technology of the 34 countries in the Hemisphere, in November 2004.
Through funds provided by the U.S. Trade Development Agency and several
leading corporations (Hewlett-Packard, Cemex, Microsoft, National Instru-
ments), a major conference was held in Lima at the end of November 2005,
bringing together leaders from academia, industry, governments, and NGOs
to discuss technical capacity-building in the Hemisphere and to lay plans for
its implementation (for example through loans and grants from the Interna-
tional Financial Organizations — IFOs).

A Provisional Executive Committee has been established to pursue the rec-
ommendations and plans from the conference, including the organization of
workshops in the region, pilot projects, research and survey studies, and sus-
tainable funding on engineering education, accreditation and quality assur-
ance, as well as technological businesses and job-creation.

Since its creation in 2004, EftA has made great progress in solidifying inter-
ests among the countries of the Americas and in including stakeholders from
all sectors and all geographies of the hemisphere. Enabled by multiple sources
and totalling over $3M of invested and leveraged funding, EftA has embarked
on a series of awareness-generating activities, invested in partnership out-
reach and development, and facilitated construction of proposals and ideas
designed to harness the resources of the IFO world on behalf of engineering as
a basis for sustainable social and economic development.

Engineering for the Americas Progress: Over the course its initial incarnation,
the Provisional Executive Committee embarked on several activities includ-
ing the creation of a strategic plan and activities in support of EftA objectives.
The three core strategies and associated activities have been:

Engineering Education Improvement: EftA has produced and delivered work-
shops in support of educational improvement in Chile, the Dominican
Republic and Peru. These workshops focus on the need for engineering curric-
ulum to incorporate project-oriented lessons and address the needs of industry
through lessons enhanced with practice and real world context.

EftA also sponsored and supported many education conferences and events
including an entire track of the Global Colloquium on Engineering Education
held in Rio de Janiero in October 2006. A partial list of conference participa-
tion includes annual meetings of ASEE ‘06, ASEE ‘07, GCEE ‘06, LACCEI
‘05, LACCEI ‘06, and UPDAI ‘06. Through these visibility-raising invest-
ments, EftA has elevated the discussion and brought focus to international
engineering education collaborations throughout the hemisphere.

Accreditation and Quality Assurance: Acting as a catalyst, EftA created a
partnership committed to founding a regional accreditation system for engi-
neering in the Greater Caribbean. Panama, Jamaica and the Dominican



Chapter 5: Industry as a Catalyst of Innovation 103

Republic aligned together to submit a proposal to the Inter-American Devel-
opment Bank (IDB) Regional Public Good funding window in October of 2006.
This winning proposal received nearly US$750,000 in IDB and partner sup-
port. Since 2007, countries of the Greater Caribbean are collaborating to
improve the brand and credentials of the engineering graduates of their
region.

Job Creation: EftA has worked to identify, engage, and involve local indus-
try. One common challenge is the apparent disconnect between academia and
industry in Latin America.

To address this issue, in 2007 EftA facilitated collaboration among the
Deans of Engineering in Chile, Argentina and Brazil to create programs and
curriculum around entrepreneurship to the engineering education experience
in the Southern Cone. Together with their respective governments, industry,
and broader community of universities, Argentina submitted a proposal to
IDB on behalf of Chile and Brazil to establish a cross-border partnership in
this area. In 2008, IDB awarded this project and nearly $2M in IDB and part-
ner funding is now working to enhance education and shape a more entrepre-
neurial culture in the South.

Summary of EftA Accomplishments: Since the Ministers and other High
Authorities committed to engineering as a pathway to sustainable opportunity
in the Lima Plan of Action, Engineering for the Americas has made great
progress in creating collective understanding of the importance of engineers
to economic health and the critical nature of engineering education to future
national competitiveness.

Engineering for the Americas established a comprehensive partnership,
established political will within the hemisphere of the Americas, engaged
with constituents and development finance organizations, and succeeded in
generating funding based on public-private partnerships and co-investment
strategies.

EftA has catalyzed the discussion within the Development Finance com-
munity, with Ministers and governments, among educators, and with the
enthusiastic support of Industry practitioners. Today, discussions of “Compet-
itiveness” and “Innovation” include sensitivity about talent creation. Invest-
ments are being made to ensure a robust and healthy engineering community
engages in creating the talent that our economies will need to succeed in a
global market.

CONCLUSIONS & RECOMMENDATIONS

Since World War II, the evolution of research and innovation clearly points
to an increasing need for collaboration between the industry, government and
university sectors. The impact and selection of government funding is also
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critical. These “Open Innovation” models succeed only when there is a true
partnership that delivers winning outcomes to all participants.

Recent work funded by the Kauffman Foundation and supported by the
Sasakawa Peace Foundation, reviewed over 90 case studies of University-
Industry partnerships in four countries: Japan, the U.K., Canada and the U.S.
The report provides insights into an evolved understanding of business-uni-
versity relationships:

¢ The process through which economic and social value is most likely to
be added is through a partnership between industry and universities.

e The process of knowledge exchange that involves businesses and uni-
versities working together adds the most value: the old paradigm of
fundamental research moving to applied research needs to be
rethought.

e The metrics which encourage knowledge exchange need to reflect
this understanding.

e The development of open innovation models will also require
changes to how government measures the condition of university
research.

¢ A need for knowledge transfer practice to work more flexibly and with
speed in interacting with businesses (large companies and SMEs).

¢ The need to understand and support the relational as well as the
transactional aspects of collaboration between universities and busi-
ness; building trust and mutual understanding really matters and this
takes time.

e The capacity and capability of business to interact with universities is
just as important as the willingness and ability of universities to work
with industry; universities need to take these variables into account
when developing their own knowledge transfer strategies.

As the Kauffman-funded study illustrates, the new landscape of the global
economy demands that we examine the processes at work to understand what
strategies for competitiveness might work. This should be an ongoing process,
part of a dialogue, wherein industry, academe and governments work together
toward a common vision of national success. Clearly knowledge will be criti-
cal and talent creation is vital to economic results.

These case studies and many others have shown that collaborations really
do work. Industry has proven to be catalytic in forming sustainable, relevant
partnerships. Increasingly it is the holistic collaborations that master innova-
tion and have lasting impact in the global market. Today, competitiveness
and quality of life derive from success in innovation. At this we must excel.
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National Innovation Policies:
Governments as innovation
agents of higher education
and research

David D. Dill and Frans A. van Vught

GLOBALIZATION AND INNOVATION
There is widespread agreement among economists that international

forces have changed the nature of economic development (Soete,

2006). National markets have become increasingly interrelated, and
goods, services, capital, labour, as well as knowledge, flow around the world
seeking the most favourable economic conditions. Natural resources no
longer provide a comparative advantage in economic growth. Instead, in
internationally competitive markets, industrial innovation, defined as “the
ability for firms and workers to move rapidly into new activities or to improve
production processes” (Aghion, 2006, 2), becomes the principal means of sus-
taining economic growth and productivity.

Promoting innovation has in fact now become the principal means of eco-
nomic growth in the leading nations. To better compete in a globalised econ-
omy, these countries focus increasingly on knowledge, creativity and techni-
cal innovation. In this new economic context, higher education and research
organizations are becoming crucial objects of national policy. They form an

1 Excerpt from Dill, David D. and Van Vught, Frans A., eds. National Innovation and the
Academic Research Enterprise: Public Policy in Global Perspective © 2009 The Johns Hop-
kins University Press. Reprinted with permission of The Johns Hopkins University press.

107



108 Part II: Agents of Innovation

essential component of the knowledge economy and therefore are increas-
ingly addressed by newly adopted national innovation policies.

Governmental actors in many countries appear to have comparable
motives for developing and implementing national innovation policies.
National policy-makers refer to the growth and importance of the “knowledge
society” (Santiago, et al., 2008) in which knowledge is the crucial production
factor. The creation, transfer and application of knowledge are now perceived
by policy-makers to be the primary factor influencing further social and eco-
nomic development. Policy-makers also refer to the processes of globalization
and increasing international competition in which the capacity to make use
of new knowledge provides important strategic benefits. The creation, dissem-
ination and application of knowledge have now come to be regarded as the
essential conditions for the international competitiveness of regions, nations
and even whole continents. Therefore they have become the focus of policies
at sub-national, national and supranational levels (World Bank, 2007).

As a consequence, over the last several decades many governments have
adopted national innovation policies designed to strengthen the innovative
capacity of universities and research organizations. These institutions, which
are primarily funded by public sources, are now perceived by policy-makers to
be one of the few remaining mechanisms government can employ to influence
international competitiveness.

NATIONAL INNOVATION SYSTEMS

During the 1980s, a new approach to the economics of innovation emerged
that has become known as the National Innovation Systems (NIS) perspec-
tive. This perspective emphasises the interactive character of the generation
of ideas, scientific research and the development and introduction of new
products and processes. The NIS approach adopts an explicit policy orienta-
tion, and has been internationally promoted by organizations such as the
OECD, the World Bank and the European Commission (Balzat, 2006). The
NIS perspective now informs the national policies of many developed nations
and has altered their traditional higher education and research policies.
Economic research has discovered that academic institutions play a critical
role in NIS and, if anything, their influence on technical innovation has
grown over time (Mowery & Sampat, 2004). However, the NIS research
emphasised that while the “hard” outputs of academic research — publica-
tions and patents — are important for innovation, equally significant are
“softer” knowledge transfer processes, including the hiring of new science and
engineering Ph.D. graduates, whose added expertise is a primary means of
transferring academic knowledge to industry (Cohen, Nelson & Walsh,
2002). In direct contrast to the linear assumptions of the traditional “science-
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push model”, the NIS perspective emphasizes the influential role of linkages
among the various actors and organizations that participate in the overall
innovation process (Edquist, 1997; Nelson, 1993). While these linkages do
include formal knowledge transfer arrangements between universities and
industry, such as science parks and joint university-industry research ventures,
they also include the many channels of communication such as meetings and
consulting by which knowledge is exchanged. Finally, a critical difference
between the NIS perspective and traditional higher education and research
policy is the NIS perspective’s emphasis on the importance of framework con-
ditions: the governance processes, regulations, incentives and underlying
beliefs that shape innovative behaviour (Balzat, 2006).

Opwer the last 20 years, the NIS perspective has influenced national reforms
in higher education and research policy in many nations (Laredo & Mustar,
2001; Lundvall & Borrds 2004; Rammer, 2006). One version of the NIS per-
spective aims at promoting innovation within the existing institutional con-
text of higher education through national and state-level incentive programs
for basic research in fields deemed critical to future industrial innovation, such
as biotechnology, information and communication technology (ICT), medi-
cal technology, nanotechnology, new materials and environmental technolo-
gies. A second, more systemic and laissez faire version of the perspective,
focuses on changing the framework conditions of higher education institu-
tions to promote innovation. This latter approach involves changes in higher
education governance processes and legal frameworks; the development of
new yardsticks for the evaluation of academic research activity; and the adop-
tion of new incentives to promote the transfer of academic research to society,
an issue not traditionally considered part of higher education policy. Examples
of this approach include changes in the laws governing IPR (intellectual prop-
erty rights) and academic labour markets; the introduction of competitive
market forces into higher education systems; the transformation of institu-
tional financing of research into competitive research funding; the deregula-
tion of university management; the evaluation of academic research ex post,
utilizing new performance indicators; novel initiatives to strengthen and
reform doctoral research education; as well as a number of incentive schemes
designed to encourage more effective university-industry linkages.

The NIS perspective and its proposed reforms clearly challenge a number
of the traditional academic beliefs regarding the necessary unity of teaching
and research and the essential incompatibility of basic and socially useful
research (Martin, 2003). Not surprisingly, the NIS perspective has provoked
controversy within the academic community. However, it appears that many
governments (and supranational systems like the European Union) are devel-
oping “policy strategies” that are clearly based on this perspective. We will
address these “policy strategies” in the next section.
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POLICY STRATEGIES

In the present international context, governments are seeking to redesign
their systems of higher education and research and to adapt them to the new
demands of globalisation and competitiveness. For this they employ certain
“policy strategies”, i.e., processes in which policies are related to policy-objec-
tives with the intention to realize these objectives. Generally speaking these
policy strategies appear to consist of some combination of the basic notions of
market coordination and central governmental planning.

The coordinative capacity of the market mechanism is well known. In a
free market with perfect competition, prices carry the information on the basis
of which decisions are made with respect to demand and supply. However, the
model of the perfectly competitive free market often is not realistic. In reality
one has to allow for transaction costs, scale effects, less than perfectly
informed actors, less than perfectly mobile production factors, and non-homo-
geneous goods. In addition, high barriers to entry to a market may provide
existing organizations with monopoly power, or competition may take place
by means of mechanisms other than prices (e.g., quality or reputation). In
short the perfectly competitive free-market mechanism seldom is a realistic
option for policy-makers (Teixeira et al., 2004; Weimer & Vining, 2005).

But central governmental planning clearly also has its drawbacks. Central
governmental planning is an approach to public-sector steering in which the
knowledge of the object of steering is assumed to be firm; the control over this
object is presumed to be complete; and the decision-making process regarding
the object is completely centralized. In reality governmental actors are unable
to form comprehensive and accurate assessments of policy problems and to
select and design completely effective strategies. In addition, governments are
unable to monitor and totally control the activities of other societal actors
involved in a policy field and run the risk of non-compliance, inefficiency and
nepotism (Lindblom, 1959; Van Vught, 1989).

A “third way” thus has to be found and this is what governments in many
nations appear to be seeking. These third ways are specific combinations of
the two basic notions of the free market on the one hand, and of central plan-
ning on the other. They are “policy strategies” that show a set of “policy char-
acteristics”, i.e., a number of features that are the result of the relative empha-
sis on market coordination and central planning, and that create the specific
appearance of these policies. A recent comparative study on national innova-
tion policies shows that in general terms two major categories of policy strat-

egies can be distinguished (Dill & Van Vught, 2009).
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Prioritization Strategies

The first and largest category of policy strategies is formed by those policies that
can be described as prioritization strategies. These policies show characteristics
like foresight analyses in the science and technology sectors, priority allocation
and concentration of resources, and quality assessments of research outputs. In
doing so, they reflect continuation of the notions of central planning.

For example, in Australia both the Commonwealth and the state govern-
ments have engaged in research priority setting, emphasizing areas of science
that will enhance economic competitiveness. In Canada the governments have
attempted to define and fund Centres of Excellence in areas deemed strategic
to the country’s prosperity. In Finland the national technology agency TEKES
explicitly funds university research programs in a number of technology fields
that are assumed to be priorities of the Finnish policy of industrial development.
In the Netherlands the national Innovation Platform has selected a limited set
of “national key-areas” in which both fundamental research and knowledge
transfer should be increased. The Foresight Assessments begun in the U.K. in
the early 1990s were one of the earliest prioritization strategies in research fund-
ing. Even in the U.S., the president’s National Science and Technology Coun-
cil has recently defined a number of interagency research programs in areas of
strategic importance to the national economy, and a number of the states are
now identifying and funding academic research in specific technical fields with
the expectation of stimulating economic growth.

These prioritization strategies also include national efforts to assess the quality
of research outputs. The Research Assessment Exercises (RAE) have been a
major driver of the significant changes in U.K. university behaviour. Similar, if
less ambitious, efforts to link general university funding for research to govern-
ment-determined output measures are also being experimented with in Austra-
lia, as part of the Institutional Grants Scheme, in Finland with performance-
based contracts, and in the Netherlands with the so-called “Smart Mix” program.

Competition Strategies

The other category of innovation policies places an emphasis on market
forces. These competition strategies show policy characteristics, such as empha-
sizing competitive allocation of research-related resources, encouraging entre-
preneurial university behaviour, deregulating the university sector and
encouraging multiple sources of funding for higher education and research. As
such these strategies reflect a greater reliance on market coordination.

The pre-eminent example of this strategy is the U.S. federal science policy
with its emphasis on a national market composed of rivalrous private and state-
supported universities, its limited federal control, and its competitive allocation
of funding through a set of overlapping research agencies. But many other gov-
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ernments are also experimenting with competition strategies, for example, by
allocating less money for research via institutional block grants or general univer-
sity funds and providing more resources via research councils and competitive
grant schemes. For example Australia, Canada, Finland, Germany, Japan and the
Netherlands have adopted a competitive approach to strengthening research
doctoral training, either through competitive national fellowships to support
Ph.D. students or through competitive grants for the development of selected
graduate or research schools, or both. Australia is also utilizing competitive fund-
ing for the allocation of university research facilities; Canada and Finland for the
allocation of well-funded faculty chairs; and Germany for funds designed to iden-
tify and support university “excellence”. The U.K. is attempting to further diver-
sify the funding base of their universities by offering competitive “third sector”
funding to promote greater knowledge transfer between universities and indus-
try. Similarly, Canada and several of the U.S. states competitively award match-
ing funds for research facilities and research projects as a means of inducing pri-
vate industry to participate in and financially support university research.

The State Supervising Model

Although the prioritization and competition strategies that have developed as
part of governmental innovation policies can be clearly distinguished, neither
is a clear-cut specimen of the respective notions of market coordination or
central planning. Rather, the two strategies are both examples of the “third
way” mentioned previously. The two strategies in this sense can be interpreted
as manifestations of the “state supervising policy model” (Van Vught, 1989).
This model is a combination of market coordination, which emphasises
decentralized decision-making by providers and clients; framework setting;
and supervision by government. In the general policy model of state supervi-
sion, the influence by governmental actors is limited. Governments do not
intrude into the detailed decisions and operations of other actors. Rather, a
certain level of autonomy of these actors is respected and their self-regulating
capacities are acknowledged. Governments in this policy model see them-
selves as the providers of the regulatory, financial and communicative frame-
works within which other actors can operate, and as the supervisors of these
frameworks.

However, the setting and supervision of governmental policy frameworks
in this model can nevertheless have major impacts on the behaviour of other
actors. By introducing certain general quality assessment instruments or
financial allocation mechanisms into their national policy frameworks, gov-
ernments are able to strongly steer higher education and research systems
without introducing detailed regulation. The differences between the priori-
tization and competition strategies previously mentioned reflect the levels of
impact governmental policy frameworks have on these systems. The policy
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characteristics of the prioritization strategy clearly show a higher level of guid-
ance and restriction than the competition strategy.

POLICY IMPACTS

The innovation policy strategies employed by national governments appear to
have a number of direct effects on the behaviour of universities, thereby pro-
ducing discernable changes in overall national higher education and research
systems. International forces as well as the market competition introduced by
these new policies have led to major reforms in the organization of publicly
supported universities. Universities in many countries are now being encour-
aged by government to adopt a more corporate type of organization, with a
stronger central administration, better ties to external stakeholders, and
greater independence in the management of their internal affairs — a form
well illustrated by Clark’s (1998) concept of the “entrepreneurial university”.

Research

The growing emphasis on competitive strategies for higher education and
research has affected the internal research allocations of universities. The typ-
ical reaction of individual universities to the national innovation policies is
to increase the quality and size of their successful research fields and hence to
focus and concentrate their academic efforts in certain specialized areas. The
outcomes of these institutional specialization and concentration processes, of
course, differ according to the conditions of the various institutions. Previous
academic performance, the affiliation of top-level researchers, and, in partic-
ular, the financial resources of a university are factors that are of crucial impor-
tance when developing an institutional research profile. But the general effect
appears to be a trend within universities toward “focus and mass”, toward spe-
cialization and concentration.

The new policies also appear to be making universities more productive in
their output of publications and graduates, as well as in their patenting and
licensing activities. In Australia and the U.K., this improvement has also
occurred in universities newly designated after the abolition of the binary line,
but the recent evidence from the U.K. suggests that any closing of the perfor-
mance gap between the old and new universities brought about by these new
policies has now slowed if not ended (Crespi & Geuna, 2004). This analysis
also suggests that the adoption of performance-based research funding creates
a one-time shock to the overall system, which initially motivates increased
research productivity in all universities eligible for the funding, but over time
is most likely to lead to an increased concentration of research in those insti-
tutions with richer resources, larger numbers of internationally recognized
academic staff, and established reputations (Soo, 2008).
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Marked improvements in the organization and management of higher educa-
tion and research activities and programs are another impact of the national
innovation strategies. It is likely that this improvement is due not only to the
policies reviewed above, but also to the general reductions in funding for pub-
licly supported universities that have occurred in conjunction with the massifi-
cation and expansion of higher education in most countries (Williams, 2004).
As a consequence, universities in a number of countries have necessarily
become more highly motivated to pursue alternative sources of revenue for their
research programs and, therefore, have been required to develop the internal
management processes necessary to survive in this competitive market.

A possible negative impact of the new policies is the diminishment of
research support in particular fields, often in unanticipated ways. Historically,
the social sciences and humanities have received substantially lower levels of
research support than have the basic sciences, medical sciences, and engineer-
ing. The current concern with national innovation and economic develop-
ment, as well as the new policies of academic research, further disadvantage
research in the “softer fields”. Less obvious, however, is the potential negative
impact that the strong emphasis on research programs in the applied sciences
and technology along with performance-based funding can have on the sup-
port for research in some basic science subjects, such as chemistry, physics,
and mathematics, which serve as the critical foundation for many technical
and applied fields (Cohen, Nelson & Walsh, 2002). In the U.K. the concen-
tration of research funding brought about by the RAE has led many universi-
ties to reduce or eliminate basic science departments that do not receive the
highest rating. In the United States, despite a recent initiative by the
National Science Foundation to increase funding for the basic sciences, shifts
in research priorities by the large, mission-oriented agencies like the Depart-
ment of Defense and NASA (the National Aeronautics and Space Adminis-
tration), which fund significant amounts of academic basic research, may still
result in reduced funding in foundational science fields. These concerns sug-
gest that the more competitive and dynamic environment of higher education
and research, which the new policy strategies helped create, may now require
national governments to take more active steps to define particular subjects as
in the national interest and to assure that these fields receive adequate support
for research and (doctoral) education.

Knowledge Transfer

A major impact of the national innovation policies is that knowledge transfer
has become an accepted and valued element of the general mission of most uni-
versities. Despite initial reluctance and even controversy in some institutions,
significant changes in university culture have occurred over the last decades,
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with the development of a more entrepreneurial and utilitarian orientation to
both university education and research programs. Universities now increasingly
focus on their potential role as regional partners in innovation “clusters”; they
develop programs with business and industry; they open up technology transfer
offices; they offer consultancy and training activities in order to assist entrepre-
neurs in making use of new knowledge; and some even adopt their innovative
character as an institutional identity. In Europe a group of “entrepreneurial uni-
versities” have organized themselves into a cooperative network, the European
Consortium of Innovative Universities (ECIU).

As with publications and doctoral students, there clearly are increases in
knowledge transfer activity by higher education institutions, as indicated by
the numbers of patents, licences, and industrial start-ups. A much debated
topic in the context of knowledge transfer is policies on intellectual property
rights (IPR). The original changes in the IPR legislation in the United States
— the Bayh-Dole Act — were motivated by a desire to speed knowledge-to-
market; therefore, patent and licensing rights were re-allocated to universities
through new laws designed to increase university incentives for knowledge
transfer. The policy was never expected to create a major new source of fund-
ing for higher education and research institutions. But with the growing com-
petition for academic research funding, universities are now more aggressively
seeking research revenues from other sources and, in many instances, have
interpreted new IPR legislation as an exhortation to “cash in” their research
outcomes. The available evidence, however, suggests that most universities
are at best breaking even and many are suffering net losses from their invest-
ments in technology transfer offices and affiliated activities. While many uni-
versities see their technology transfer expenses as a necessary investment that
they expect to bear significant fruit over time, Geiger’s (2007) research in the
United States suggests that over the longer term the institutions that do reap
some financial benefit from patenting and licensing are the most highly
ranked and best known research universities. But even in these institutions
there tends to be a ceiling as to the amount of such revenue that can be
earned.

One unintended impact of public policies emphasizing [PR as a means of
stimulating academic knowledge transfer is their influence upon the core aca-
demic processes. By increasing incentives for universities to patent and license
their discoveries as a means of raising revenues, some theoretical results and
research tools that have traditionally been freely available to other scholars
and researchers are now being restricted. This constriction of open science
may in fact lessen the economically beneficial “spillovers” to society that are
a primary rationale for the public support of basic academic research. Policies
intended to provide incentives for knowledge transfer, therefore, have to be
designed with particular care to maintain the benefits of open science.



116 Part II: Agents of Innovation

Research on sources of innovation in industry raises additional questions
regarding the emphasis of national knowledge transfer policies on the “hard”
artifacts of academic research (Cohen, Nelson & Walsh, 2002). Patents and
licences are influential on innovation and profits in a relatively small number
of industries and technical fields, biotech being the most prominent example.
This reality helps explain the natural ceiling on patenting and licensing reve-
nues that Geiger (2007) discovered in leading U.S. universities. More influen-
tial for most industries are the “softer” knowledge transfer processes, such as
publications, meetings, the use of consultants, and the hiring of new Ph.D.
graduates (Cohen, Nelson & Walsh, 2002; Agarwal & Henderson, 2002). As
Geiger (2007) notes, public policies that emphasise the “hard” outputs of aca-
demic research are, therefore, likely to undersupport knowledge transfer bene-
ficial to society. In the policies implemented by the European Commission and
by a number of the E.U. member states, the emphasis on patenting and licens-
ing appears to be more limited than in the United States. Instead the knowl-
edge transfer focus is largely on the exchange of people, the increased produc-
tion of research doctorates, and the stimulation of start-up firms. This European
approach to knowledge transfer is “softer” than the U.S. focus on licensing and
patents, but, as a first comparative study shows (Van Vught, 2007), not neces-
sarily less effective. Despite less effort in terms of invention disclosures and
patent applications, the E.U. countries execute more licences and create more
start-up firms (but have less patents granted) than the United States.

Institutional Diversity

Reviewing the policy impacts discussed before, an interesting question is
whether there is an overall diversification effect at the level of the system of
the higher education and research as a result of the various reactions by higher
education and research institutions to their altered framework conditions.
The introduction of market forces and greater competition into higher educa-
tion should, according to economic theory, lead not only to greater productiv-
ity in research outputs, but also to greater allocative efficiency for society as
universities are required to respond more effectively to the needs of their var-
ious research patrons.

Because of its distinctive national policies, the U.S. higher education and
research system has long been considered a system with substantial diversity
in quality, with highly ranked academic research concentrated in a minority
of its universities. About a third of the U.S. universities conduct more than
two-thirds of federal academic R&D in addition to graduating over two-thirds
of research doctorates. In contrast, the national policies of many European
countries were designed to achieve a certain homogeneity in performance
among publicly supported universities. The general impact of the new policies
is to concentrate academic research and Ph.D. training in a smaller number of
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institutions, as well as in universities in economically advantaged regions. In
Finland the government has made a public commitment to concentrate
research and Ph.D. training in a few comprehensive universities. In Denmark
the recent mergers in higher education and research intend to concentrate
quality, volume and investment capacity. In a number of other countries
national innovation policies have clearly been designed to create a group of
“world-class universities”. The RAEs in the U.K. and the Excellence Initia-
tive in Germany are obvious examples.

Although there is clear evidence of increased research concentration, there
is little empirical support for the view that the new policies are encouraging a
diversity of university roles and missions. These policies certainly stimulate
universities to engage in international competition, but they provide insuffi-
cient incentives for the development of true system diversity. While global
market forces as well as government-designed prioritizing and competition
strategies have been effective in helping differentiate a class of international
research universities, the existing policies appear inadequate for steering the
majority of a country’s universities into constructive roles as part of a national
higher education and research system. Academic autonomy is such that schol-
arly norms and values have become major drivers of institutional homogene-
ity. The forces of academic professionalism and the eagerness to increase indi-
vidual and institutional academic reputations impel all universities in the
new, more competitive environment to imitate one another rather than to
diversify their missions and profiles.

All universities try to recruit and employ the best scientists, i.e., those
scholars with the highest recognition and rewards, the highest citation impact
scores, and the largest numbers of publications. In order to be able to do so,
they need to increase their research expenditures (since the research context
attracts scholars), creating a continuous need for extra resources. Given their
wish to increase their reputation, universities also try to attract the most tal-
ented students. They use selection procedures to find them, but they also offer
grants and other facilities in order to recruit them, again leading to a continu-
ing need for additional resources. The major dynamic driving all universities
is therefore an increasingly costly “reputation race” (Van Vught, 2008) in
which universities are constantly trying to show their best possible academic
performance and in which they have a permanent hunger for financial reve-
nues. In this sense Bowen’s famous law of higher education still holds “... in
quest of excellence, reputation and influence... each institution raises all the
money it can... [and] spends all it raises” (Bowen, 1980, 20).

The result of these forces is that the new policies for higher education and
research have not yet engendered the allocative efficiency for society that
they were expected to achieve. In the concluding section a strategy will be
suggested for addressing this problem.
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A NEW INNOVATION POLICY STRATEGY

The national innovation policies adopted by many nations have positively
affected the productivity of higher education and research in most countries
and have encouraged a more entrepreneurial culture within universities, par-
ticularly in the development of active processes of knowledge transfer. At the
same time these policies also reveal a number of limitations. The apparent
positive relationship between adoption of elements of the competition strat-
egy and academic research performance may not be linear, and the actual
impact of the increased research outputs on technical innovation and eco-
nomic development has yet to be fully established. Furthermore, the new pol-
icies may be encouraging a costly race for world-class reputations among
higher education institutions, a race that relatively few can win and that
diminishes the diversity in higher education and research missions most ben-
eficial to society.

We would suggest that these weaknesses of current public policies appear to
be symptoms of market and government failures associated with inadequate
information on the performance of both universities and related public policies.
In the more competitive political environment now shaping higher education
and research, what is needed in our view is a new innovation policy strategy.
Such a strategy would focus less on the identification and prioritization of prom-
ising technology fields (i.e., the prioritization strategy) or on stimulating com-
petition between higher education and research institutions (i.e., the competi-
tion strategy), but would focus more on the provision of information to enhance
university performance. It would be a strategy of policy learning.

In our view, policy learning consists of three elements: a continuous search
for better/new policies, a process of trial and error, and the gaining of experi-
ence and results under real-world conditions. Policy learning, in this sense, is
the “deliberate attempt to adjust the goals and techniques of policy in response
to past experience and new information” (Hall, 1993, 278). It implies the
search for more effective policies through the application of existing policies.
It combines application with analysis and, thus, focuses on learning.

A policy learning strategy underscores the necessity of providing valid, pub-
licly accessible information on the performance of higher education and
research organizations. Learning can only take place if the access to knowl-
edge is a public good, open to all participants in the process and if no specific
ownership of information exists. The policy learning strategy is therefore
clearly related to the concept of “open innovation” (Chesbrough, 2003) and
the Open Source approaches to software and information, in which ownership
and protection of information are seen as restricting the circulation of knowl-
edge and the consequent social benefits for society. A learning policy strategy,
therefore, would stress the importance of public provision of information
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about higher education and research performance and about the effectiveness
of public policies to stakeholders in order to stimulate learning and change.

A traditional role of government is to provide information in strategically
important policy areas to help the public evaluate socially beneficial behav-
iour (Majone, 1997). However, the increased economic value of academic
research, higher education graduates, and university reputation has motivated
development of a worldwide industry of publications designed to provide
information on university rankings and program quality. The U.S. News and
World Report pioneered the publication of university quality rankings for stu-
dents in 1983. But more recent rankings, such as the Shanghai Jiao Tong Uni-
versity rankings (commenced in 2003), the Times Higher Education Supplement
rankings (commenced in 2004), and Ph.D. rankings by the commercial firm
Academic Analytics in the United States (commenced in 2005), have
focused more explicitly on institutional research performance and worldwide
university reputation. These rankings provide extra stimuli for universities
and governments to clamber up the global ladder of university reputation. The
measures employed in these league tables represent the private interests of
those who design them, and the validity and reliability of their indicators of
research performance are highly debatable (Dill & Soo, 2005; Van der Wende
& Westerheijden, 2009). In the new worldwide competitive market that con-
fronts higher education and research, there is a need for more valid “signals”
of higher education and research performance, i.e., information-oriented pub-
lic policies designed to assure a more efficient rivalry among universities as
they vie to better serve society (Dill, 1999). The recent, E.U.-funded project
to develop a mechanism to “map” the higher education landscape by provid-
ing a multi-dimensional classification of higher education institutions is a first
answer to this need (Van Vught, 2009a).

The Open Method of Coordination (OMC), as it is being applied in the
innovation policy of the European Union (the “Lisbon Strategy”), offers
another creative example of an information-based policy. The OMC assumes
that coordination of national policies can be achieved without the transfer of
legal competences or financial resources to the European level. It works
through the setting of common goals; translating these into national policies;
defining explicit, related performance indicators; and measuring and compar-
ing the performance of these policies. With regard to national innovation,
performance measurement takes place by using standardized indicators for
benchmarking processes and progress monitoring as well as by means of peer
reviews of the outcomes (European Commission, 2000; Bruno, Jacquot &
Mandin, 2006; Gornitzka, 2007).

The OMC clearly is an arrangement that promotes policy learning among
the E.U. member states. Its basic idea is to create, in a two-level structure of
jurisdictions, systemically organized mutual-learning processes. At the level of
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the E.U., the member states evaluate their various policy performances
according to the joint objectives set and the indicators agreed upon. In the
variety of experiences, “good practices” are identified and their diffusion is
supported. The coordination of the process is largely in the hands of the Euro-
pean Commission, which analyses the progress reports of the member states,
identifies good practices, suggests recommendations for each member state
and drafts an overall report that must be approved by the European Council
(the heads of state or government of the member states and the president of
the European Commission). Though the European Commission cannot make
mandatory recommendations, it nevertheless plays a crucial role in organizing
the process by suggesting common goals, collecting and analysing informa-
tion, and drafting recommendations. The OMC stimulates the member states
to experiment with different policies, evaluate their outcomes, and then iden-
tify good practices. It is a process of mutual learning, coordinated at the level
of the European Commission, but with substantial flexibility and openness for
the national governments (Van Vught, 2009b).

The E.U. experience with the OMC is usefully compared with the lack of
comparable information-oriented policies to promote mutual learning among
the U.S. states. The National Science Foundation provides extensive data on
science and technology in the U.S. system and federal science agencies subsi-
dize the research doctoral rankings conducted by the National Academies of
Science. But the federal government has not formally supported the provision
of systematic comparative data on the innovation performance of the 50 states
similar to the European Innovation Scoreboard (latest version: European Com-
mission, 2008a) or provided comparative data on the performance of U.S. uni-
versities similar to the European “progress toward the Lisbon objectives” reports
on research and higher education (E.C., 2008b, 2008c). Nor has it provided
related indicators or incentives for policy learning that would help guide the
rapidly increasing investments in academic science and technology by many
U.S. states. In order to prevent inefficient university regulation at the state
level and promote mutual learning about effective innovation practices among
states, the European approach to innovation policy learning deserves serious
attention in the U.S., as well as in other federal systems of higher education.

In summary, the policy strategy of policy learning provides a potentially
valuable and important supplement to the policy strategies of prioritization
and competition, the two strategies that are so far still dominant in national
innovation policies. The policy learning strategy assumes a minimal level of
policy heterogeneity and therefore is particularly appropriate for multi-level
political systems, like federal states and the European Union. But as suggested
in Finland, with its emphasis on regional diversification, mutual learning is
applicable in unitary nation states as well. Finally, the heterogeneity of policy
contexts also offers a new and interesting means of addressing the issues of
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university autonomy in different higher education and research systems, and
the inequalities regarding global academic competition. In diversifying their
policy contexts in order to stimulate policy learning, national governments
may create different conditions for different categories of universities and
hence allow some of these institutions to really compete at the international
platform of academic reputation, while other institutions are stimulated to
develop more national or regional profiles. National governments that take
global competition processes seriously and accept the fact that the capacity to
create, disseminate and apply knowledge is of crucial importance in these pro-
cesses may, in this sense, find important extra strategic advantages in devel-
oping their ability to learn.

Public policies designed to strengthen national innovation and its contri-
butions to economic development need to focus on promoting mutual learn-
ing among universities, their various patrons, and policy-makers in the differ-
ent strata of multi-level governance. For this to occur, governments need to
invest in information-based policies that provide to the many stakeholders of
the universities valid and reliable information on higher education and
research performance as well as comparably objective information on the
social costs and benefits of public policies intended to enhance academic
research, improve the quality of graduates, and boost knowledge transfer.
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THE TRIANGLE AND ITS HISTORY

Education was first

magistrorum et scholarium”, a community of teachers and students. Its
legitimacy was derived from a humanistic program; its activities consisted
in providing general and professional education.

As an example of the mission of a medieval university, I may cite the char-
ter of the University of Vienna, founded in 1365 as one of the oldest univer-
sities in Europe. The charter states first that the university should strengthen
the Christian faith. Then, it continues lengthily that the university should
serve (1) the public good (“res publica”), (2) the judicial equity (“equitas
iudicii”), and (3) human reasoning (“humanus intellectus”), as well as ratio-
nality (“ratio”). Accordingly, the University of Vienna, as other universities,
was divided into the four classical faculties. There were three “higher” or “pro-
fessional” faculties: the faculty of theology (strengthening faith), of medicine
(public good) and of law (judicial equity). The “lower” faculty of artists, as the
fourth faculty, was devoted to general education. There, reasoning and ratio-
nality were taught through grammar, logic, the art of rhetoric, arithmetic,
geometry and astronomy/astrology. In the British universities which remained

I n Europe, the first university started in Bologna in 1088 as “universitas
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so medieval for so long, and which were copied by the old colleges in the U.S.,
it was clear that their main purpose was education too. They wanted emanci-
pation through education and aimed at forming a civil society. Students
should be transformed into learned and “honourable” gentlemen.

Then came scientific research

Conducting scientific research at a university is a goal which explicitly
emerged only in the 18th century. However, this goal was not accepted by
universities without resistance, since at that time, universities were mostly
occupied in debating theological themes, an outcome of the reformation and
counter-reformation of the preceding centuries. As a consequence, besides
training doctors and lawyers, the universities then excelled in theology and
philosophy, but not in the sciences. An open issue of the 18th century was
how to get universities engaged in developing the sciences.

Take the case of the University of Vienna once again. The strengthening
of the sciences was introduced by a decree from above: the Empress Maria
Theresia simply nationalized the university in the 1770s and ousted the Jesuits
who dominated the previously autonomous university. On the advice of the
Dutch scientist and doctor van Swieten, she ordered that the university
should expand in the sciences, especially in the faculty of medicine.

France took another, more radical approach. During the French revolution,
on the suggestion of the Talleyrand commission of the Assemblée Nationale
in 1791, it was stated that, on behalf of progress, universities should be closed
and substituted by “écoles spéciales”. These institutions, later called “grandes
écoles”, served the purpose of educating the needed technocratic cadres to
help strengthen the state by public investments and to defend a nation at war.
The Ecole Polytechnique, founded in 1794, is a part of the French Ministry of
Defence even today. Strengthening civil society through universities was not
an aim to be pursued. Research activities were mostly placed in specific
research institutions, e.g., in the CNRS. As a consequence, many universities
were closed, even in Germany during the Napoleonic era (e.g. Erfurt, Cologne
and others).

The idea of a true research university was developed later in Prussia. The
first important contribution in this direction came from Kant in his booklet
Fakultitenstreit, first published in 1798. He argued that, especially in the “pro-
fessional” faculties of theology, medicine and law, the teaching of prescrip-
tions should be replaced by philosophical, scientific reasoning, thus giving the
faculty of philosophy, the former faculty of artists, not a lower, but a superior
rank within the university. In creating the Berlin University in 1810 as “uni-
versitas litterarum” by Humboldt and others, and no longer as “universitas
magistrorum et scholarium”, the legitimacy of the university was changed
from humanism to philosophical speculation (Lyotard, 1979, ch.9). The
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search for truth, for new knowledge, constituted the very purpose of a univer-
sity. The university was perceived as the meta-subject of the unity of knowl-
edge, of all the sciences, hence as “universitas litterarum”.

[t is not a surprise that, as a consequence, the bachelor and master programs
were totally abolished. Only doctoral programs were offered by the Humbold-
tian universities, since doctoral education could be ideally combined with
searching for the truth. Each university had to follow this speculative idea of
a research university, otherwise it would not be regarded as a true university.
Until the early 20th century, diploma studies in Germany were only offered at
technical universities which were originally modelled according to the French
Ecole Polytechnique. Only during the last 100 years, especially during the
Nazi Regime, diploma studies got generally introduced at universities in order
to meet the practical demands of a more and more industrialized society, going
along with a steep increase in the number of students.

In the 1890s and then especially in the first half of the 20th century, U.S.
universities started to implement the Humboldtian idea of a research univer-
sity. Yet their approach was pragmatic. They put the Ph.D. programs on top
of the British, medieval study structure. This pragmatism, driven by no polit-
ical planning at the federal level, allowed a diversification of the U.S. univer-
sity system preparing it (a) for the recent massification of higher education
and (b) for a strong research intensification at some universities. Today,
among the 4,000 to 5,000 US higher education institutions, most of them are
purely teaching institutions. There are only 200 to 300 research intensive uni-
versities, granting Ph.Ds. In contrast, in Continental Europe where the Hum-
boldtian idea influenced so many university reforms at the national level dur-
ing the 19th century, there are about 1,000 Ph.D.-granting universities, not
counting those in Russia or in the Ukraine. In addition, the university system
in Continental Europe remained nationally fragmented, fostering national
university cultures and national academic careers. According to a survey of
the E.U. Commission, still today in the E.U., 97% of the academic staff of uni-
versities had employments only in the country in which they received their
Ph.Ds. Of course, the Bologna-Process as well as the emergence of the Euro-
pean Research Area aim at overcoming these national fragmentations in
higher education and research.

Finally: Innovation

Innovation is a buzz-word of the last ten years. It emerged from an economic
debate, stressing the importance of innovation for growth and jobs in a global-
ized world. The economic growth in Europe after World War II was mainly
seen as a result of a successful imitation. The failure to surpass the U.S. during
the last 20-30 years was attributed to the lack of innovation activities in
Europe (see Aghion & Howitt, 2006). Thus, replacing imitation strategies by
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an innovation agenda became a strong political program of the E.U., and
inspired the so-called Lisbon Strategy of 2000. Research, supposed to generate
innovation activities, should reach 3% of GDP by 2010.

At first, universities were hardly mentioned in the various strategy papers
of the E.U. However, that has changed during recent years, especially due to
the efforts of the E.U.-Commission. At the meeting of the European Council
during the British E.U. Presidency at Hampton Court in October 2005, the
then British Prime Minister, Tony Blair, stressed the need for modernized uni-
versities as agents of innovation. The E.U. Commission, having launched this
debate already in 2003 (see, especially, “The Role of Universities in the
Europe of Knowledge”, [European Commission, 2003]), responded to the
Hampton Court request of the European Council by “Delivering on the Mod-
ernisation Agenda for Universities: Education, Research and Innovation”
(European Commission, 2006). However, many E.U. member states, apart
from general commitments and declarations, did not allow the E.U. Commis-
sion to push this issue further after the Hampton Court meeting, since they
regarded the implications of this agenda, especially the better financial dota-
tions of universities, as a national concern only. Given this division of respon-
sibilities, the evolution of the university system in the E.U. is still today
mainly driven by various national political interests.

To summarize: When discussing the new role of European universities in
the triangle of higher education, research and innovation, one needs to be
aware of the fact that there are different historical, legal and political layers to
the debate. The continuity of old ideas, the persistence of history and the
dominance of the interests of nation states seem to thwart any far-reaching
European plan in which universities would play a more effective and more
entrepreneurial role in this key triangle of the 21st century.

TOWARDS A COMMON UNDERSTANDING IN EUROPE:
COMBINING ‘OPEN SCIENCE” WITH ‘OPEN INNOVATION’

’Open Science’

Despite the different national pasts of universities in Europe and despite the
deeply rooted national interests which still seem to drive the evolution of the
European university system, new and common concepts for the working of uni-
versities in the 21st century have emerged. This emergence of new concepts
reflects, on the one hand, the common values and traditions of universities, espe-
cially their common mission to provide public goods. In the Magna Charta Uni-
versitatum, signed in Bologna 1988, the set of common values of European uni-
versities is recorded. On the other hand, due to various E.U. programs

(ERASMUS scheme for the mobility of students, E.U.’s framework programs)
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and due to the effects of creating a common market in Europe, the networking
and collaboration among European universities increased during recent decades.
That created a dynamism which started to foster new common ideas. The various
joint meetings of European universities are witness to this development.

One increasingly shared concept among European universities is the
notion of “open science”. “Open science” means that the bulk of new knowl-
edge should be generated and disseminated rapidly by giving up the rights over
using this knowledge. It is assumed that the existence of “open science” will
facilitate the generation of further knowledge, will help students to be
equipped with the best knowledge and will allow the latest insights to be more
easily fed into the innovation system. The benefits of “open science” are
explained by the huge positive external effects it creates. This in turn justifies
the principle that research and education at universities should be basically
regarded as public goods and be financed by public money, a tradition which
is strongly rooted in the political culture of many European countries.

Of course, there is an incentive problem: How to reward the researchers so
that they give up their rights over new knowledge via rapid publication? This
incentive problem can be solved by designing specific reputational, hierarchi-
cal and monetary rewards within the university (which, in Europe, implies
changes from a still feudal to a meritocratic system).

‘Open Innovation’

A second concept receiving more and more acceptance in Europe is the con-
cept of “open innovation” (see, e.g., H. Chesbrough et al., 2006). “Open inno-
vation” is defined by H. Chesbrough as “a paradigm that assumes that firms
can and should use external ideas as well as internal ideas, and internal and
external paths to market, as they look to advance their technology” (p. vii).
Clearly, the more universities pursue the idea of “open science” and the more
firms follow the paradigm of “open innovation”, the more intensive will be the
formal and informal interactions between universities and business.

Universities have accepted that collaboration with business, up to a certain
level and dependent on the subject area, increases scientific productivity.
They have left the ivory towers of academia. Of course, when dealing with
business, the universities should take into account how university-business
relations will influence status and funding systems within a university; for a
critical account see, e.g., L. Manjarrez-Henriguez et al. (2008). As a conse-
quence, universities need to design institutional strategies of how to best ben-
efit from interaction with business and from the private revenue streams it
generates there.

Against this background, today’s universities can be defined as effective
institutions managing “open science” and linking “open science” with “open
innovation” of firms. Institutional strategies, based on the mission and profile
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of a university, are required. Institutional policies of quality assurance should
make sure that academic values are maintained. Given the widespread non-
observability of academic output, universities are challenged to solve intricate
principal-agent problems in creative work. Optimal designs of the reputa-
tional, hierarchical and monetary rewards are needed.

Universities as autonomous institutions

During recent decades, it has become quite clear that universities cannot solve
these principal-agent problems and cannot come up with consistent institu-
tional strategies when managing “open science” and linking this to “open
innovation”, if they remain a dependent part of national ministerial bureau-
cracies. To meet the challenges of more and more globalized knowledge soci-
eties, universities need academic, organizational, staffing and budgetary
autonomy so that they can adopt their own profiles and missions, and choose
appropriate governance structures in order to be “fit for purpose”. Institutional
autonomy should also allow the universities to be more active, more effective
and more entrepreneurial at the global, European and regional level. Univer-
sities should no longer act within the national context only.

Due to various European activities, including the Bologna Process, and due
to various regional initiatives, universities are now aware that they are not just
a medium of the nation state. Now, European universities are prepared to par-
ticipate in a more European education of their students, a consequence of the
increasing Europeanization of labour markets. They now engage more in
research and innovation activities at the European level. Successful participa-
tion in the programs of the European Research Council and, soon, in EIT
activities, bring reputation-enhancing benefits and scientific rewards. In addi-
tion, universities are now also more willing to become innovative engines
within their region. As a consequence, the institutional diversification of the
European university system will more and more follow the diversified needs of
the European knowledge society and knowledge economy. In the Europe of
the next decades, the universities will be less shaped by national interests, but
will more and more respond to upcoming European and regional interests.

INNOVATION STRATEGIES OF EUROPEAN UNIVERSITIES

Regional innovation

Particularly since the oil shocks of the 1970s, it has become evident that uni-
versities can substantially contribute to a sustainable regional development.
Universities can help in making regional industry more globally competitive.
This point has been studied extensively by the OECD which reports on vari-
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ous institutional and regional strategies, policies and activities in order to offer
a good understanding of the drivers of and the barriers to the regional engage-
ment on universities, see OECD, 2007.

According to the OECD, there are several key factors for success of regional
policy initiatives involving universities as stakeholders: (1) formal and infor-
mal interconnections with all actors at the regional level, including local gov-
ernments, regional development agencies, industry and enterprises, (2) polit-
ical support to undertake major actions for innovation, especially support for
upstream strategies, consisting in attracting the relevant world-class work
force, e.g., researchers and attracting the financial means to invest in specific
educational and research infrastructures, (3) addressing major societal needs
of regions so that general political support is maintained and (4) the use of
E.U. Structural Funds where applicable.

Interesting case studies include the regions of Virmland/Sweden, Twente/
Netherlands, the Region of Valencia/Spain, North East of England (Durham
Newcastle, Teesside) and the cross border initiative in the Oresund region/
Denmark and Sweden. In Twente/NL and in the North East of England older
heavy industrial areas got transformed into modern ones, whereas, e.g., in
Virmland/Sweden an industrial base was established around agriculture.

In all these cases, the mismatch between the industrial and academic pro-
file of a region could be overcome. Although regional innovation activities of
European universities are now starting to impress, all the cited cases cannot
match the well-known Taiwanese example of Hsinchu. There, a thriving
computer industry is located around an industry-science-park, consisting of
more than 100,000 employees, and a university focusing on electrical engi-
neering, computer sciences and computational business administration only.

E.U.-wide innovation strategies

In general, according to the European Commission, universities have failed to
use their innovation potential (see van Vught [2009], chapter on E.U. higher
education policy). Barriers to the better use of their potential are: uniformity
and egalitarianism with national university systems, national fragmentations,
too much mono-disciplinarity, lack of lifelong learning, lack of entrepreneur-
ship of graduates, too high dependency on the state with too little autonomy
for the universities and too much regulation. In research, there is too little
world-class excellence.

This far-reaching critique leaves open the question of how this shortage in
they supply of innovation activities can be overcome: by bashing universities
and pushing them to supply more activities or by pulling universities by a
strong European innovation demand (See Edler & Georghiou, 2007)? In fact,
one can argue that the poor outcome concerning innovation activities of
European universities, besides some interesting cases of regional innovation,
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results from a non-existing cross-border innovation demand in Europe. There
are only national innovation demands, at low levels, duplicating efforts again
and again in the field of sustainable energy, ICT, climate change and so on.
No member state of the E.U. wants to be left out when it comes to do research
in relevant innovation fields. As a consequence, either no agreements on
cross-border innovation demands are reached or, if there are agreements, a
complex, bureaucratic cooperation structure is set up which deters the world-
class research centers in Europe from participating.

The so-called Aho Report (European Communities, 2006), another docu-
ment of 2006 which responded to the 2005 Hampton Court request of the
European Council, pleaded for the creation of European-wide innovation-
friendly markets with a strong innovation demand. An independent High
Level Coordinator should be appointed to orchestrate European action.
Actions are especially needed on regulation standards, public procurement
and intellectual property rights. Creating a European, cross-border innovation
demand would be especially important in e-Health, Pharmaceuticals, Energy,
Environment, Transport and Logistics, Security and Digital Content. A “Pact
for Research and Innovation” should drive the Agenda for an Innovative
Europe. Europe, it is reported, must break out of old, national structures and
expectations.

At the European level, there have been some developments since 2006
which pick up the recommendations of the Aho Report. Joint Programming,
Technology Platforms and Joint Technology Initiatives are new key words of
the R&D policy of the E.U. The Innovative Medicine Initiative, e.g., has a
budget of 2 billion Euro, 1 billion coming from industry, 1 billion from the
European Commission. However, issues of lack of full cost recovery, of sharing
patents and the complexity of cooperation structures remain, making these
initiatives not sufficiently attractive for universities. Perhaps a new, less com-
plex and more excellence-related path of development may be pursued by the
EIT when the first four Knowledge and Innovation Communities (KICs) in
the field of ICT, climate change and sustainable energy will be created in
2010. The size of money involved in the EIT activities, however, is limited. It
will be less than what in the U.S. one institution (MIT) received as innova-
tion demand by only one federal agency in one year: In 2006 MIT received
US$639.5 million from the Department of Defense (World Almanac 2008,
p. 125).

FINAL REMARKS

The activities of European universities in the triangle of education, research
and innovation are still driven by the interests and bureaucracies of the Euro-
pean nation states. However, there are new trends. The common university
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values, the readiness to meet the challenges of the 21st century by managing
“open science” and linking this to “open innovation”, the search for institu-
tional autonomy and the effects of emerging common markets generate a
dynamism which may well create a new and diversified university structure in
Europe, with more effective institutions, being more open to regional or cross-
border innovation. Hopefully, the current economic crisis will not revitalize
national interests and impede these new trends.

Greater linkage between the instruments of the European higher education
policies and of European research policies, on one hand, and national policies,
on the other hand, are needed. Such linkages would foster continuity in the
strategic development of a university’s teaching, research and innovation
activities.
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Team Players to Shape
our Future: Do our Students

Learn the Right Skills?
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the correlation between the wealth intensity and the number of cita-

tions in scientific journals. Switzerland is among the top nations. It has
a special, so-called dual education system (Figure 2). From age 16 onwards, the
majority of our young people receive practical training in a company, and a
minority of only about 20% (Figure 3) attend senior high school, which pro-
vides the entry ticket to one of our universities. This system is different from
many other countries, but it is an effective tradition and generates the lowest
unemployment rate among young people in Europe.

E ducation is the key for success and welfare of a country. Figure 1 shows

DEMANDING BASIC EDUCATION

ETH Zurich is a 154-year-old technical university with degree programs in
architecture, engineering and science. At the beginning of their studies, the
students have to go through a demanding basic education — mathematics,
physics and chemistry — before concentrating on their field of choice.
Among the faculty members and the students there is a large number of for-
eign people. This is done intentionally as a small country has to recruit from
an international pool of talent. It also gives our students exposure to different
cultures and, last but not least, it generates an element of competition. But the
question remains: do our students learn the right skills?

The global community today is confronted with complex, long-term tasks
that are the core business of universities. To meet these Great Challenges,
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such as climate change, energy conservation, clean mobility, ageing popula-
tion and sustainable food production, we need excellent interdisciplinary
research and highly skilled scientists and engineers. In the world of science,
national borders do not exist; researchers work in international groups in
order to achieve the best results.

THE ARCHITECTS — PLANNERS OF SUSTAINABLE CITIES

One Great Challenge for architects is the sustainable planning of future cities
— cities with a population larger than the size of Switzerland — which means
more than approximately seven million. Architects not only have to design
houses and streets, but also have to involve the dynamics — which means
they have to understand the interplay of the flows of people (mobility), of
energy, water, and the flow of waste. It needs the skills of an artist, the know-
how of a designer and knowledge of the physics of energy in order to achieve
optimal solutions for different climate zones. Architects should also under-
stand the social behaviour of different cultures.

It is thus clear that modern education needs the exchange of global knowl-
edge and knowledge of different cultures. The best way to achieve this
exchange is through the mobility of people — of people who are eager to learn
and who want to shape our future.

THE ENGINEERS — DEVELOPERS OF HIGH-TECH SYSTEMS

Engineers have built the modern world around us. Mobile phones, computers,
cars, planes, power plants and many other technical products are proof of this.
For example, we had a period in Switzerland about 100 years ago when all the
trains, tunnels and dams in the Alps were constructed by engineers educated
at ETH Zurich.

Today, engineers design high-tech systems, but sometimes, although these
products are top class, they are too expensive for developing countries. An exam-
ple of this is the hybrid car with a conventional engine and an electric motor in
addition. The team responsible for this at ETH Zurich — Professor of Mechani-
cal Engineering Lino Guzzella, together with his students — designed an inter-
mediate energy storage with compressed air, driven by a conventional engine
filled during breaking. In the successive acceleration of the car this stored energy
is recuperated, and therefore it is possible to save 20 to 30% of gasoline.

THE SCIENTISTS — TEAM PLAYERS FOR FUTURE SOLUTIONS

Due to the worldwide ageing population and the corresponding development
of medical technology, collaboration between engineers and medical doctors
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is becoming more and more important. ETH is very active in this field and
plans to enlarge its activities even further. Also quantum science has a long
tradition at ETH. And the great masters and Nobel laureates Albert Einstein,
Erwin Schroedinger and Wolfgang Pauli spent part of their scientific career in
Zurich. But what comes next? The quantum computer, quantum cryptography
or the single electron transistor in commercial products? Involved are physi-
cists, electrical engineers and computer scientists — they are the team players
for future solutions.

SCIENCE — AN ADVENTURE FOR YOUNG PEOPLE

Where are the adventures for young people today? The North Pole has already
been discovered, men have been to the Moon. But I am convinced that sci-
ence can still fascinate young people. It offers really true adventures of a dif-
ferent kind — to discover unknown territory through hard work. We are curi-
ous to understand the big bang, the beginning of our universe. We are looking
for answers to questions such as what dark energy and dark matter are made
of. And, although we know the structure of proteins, we do not know the
dynamics of life. Or, for example, what do the 10° proteins do in a cell? We
still are not able to design a computer with the power of our brain and an
energy consumption of less than 50 Watt. Real life problems are the most dif-
ficult to understand because they need input from many different disciplines.

The question remains: how to attract the best talents in this worldwide
contest? ETH Zurich assigns to its students tasks that are a mixture of adven-
ture and competition. Adventure is a driver for discoveries, and competition
a motivator for top-quality performance — and an attraction for creative
young people in scientific technologies. Research projects like a soccer game
for micro-robots on a mm? playing field, or a self-directed sailing boat to cross
the Atlantic Ocean — such projects and many others inspire the pioneering
spirit and evoke visionary dreams.

MODERN EINSTEINS ARE NEEDED — FOR
INTERDISCIPLINARY AND INTERNATIONAL TEAMS

We need a lot of Einsteins to face these challenges — but modern Einsteins!
He was a genius and discovered new physical theories, and without them no
particle accelerator would run today. But he also was an individualistic scien-
tist working alone in his study. In fact, he was not a big team player. Today
however, we need to train scientists and engineers who can work together and
who are able to cross the boundaries of their original disciplines. Modern Ein-
steins must not only have a high-class, scientific education, but also social
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competence — for instance, they have to be able to communicate with people
of different disciplines and cultures.

Interdisciplinary projects demand enlarged skills that can only be acquired
in several stages. We have learnt over the years how to judge the quality of
projects in specific disciplines, and we know how to make a career in a specific
discipline — that is tradition and business as usual. Therefore, it is my strong
belief that it is mandatory to first become a champion in one discipline. But
the second part of an academic education has to deal with students having to
learn to talk to people from neighbouring disciplines. For example, a physicist
should be able to understand a biologist and vice versa. Or a civil engineer
should know the scientific problems of a chemist. More than mere curiosity
should drive scientists to find a solution for a scientific problem. They should
also dedicate themselves to finding solutions to one of the world’s Great Chal-
lenges. We need both of them!

PROJECT LEADERS LEARNING FROM PRACTICAL EXPERIENCE

[ have described the example of the architects in the field of city planning, now
[ give you another example: most I'T projects fail, not because of technology, but
because of the lack of understanding of the customer’s needs (but also the cus-
tomer does not always know his or her needs). In addition, software projects
often involve people who are located in geographically different places. There-
fore, we also need good project leaders, who monitor the different tasks, the time
schedule and the budget as well. Is this something you can learn in a theoretical
lecture? Not really; because one also has to practise it. ETH students have
founded a company called “ETH Juniors”. The management consists of eight
people who acquire jobs from the industry for students. One out of ten inquiries
to the industry was successful. And this is an example for a training in patience
and endurance. Last year, they had a turnover of a million Swiss francs.

ETH Zurich provides the basics and support to all these “soft skills”. Every
student has to select from a broad line-up of topics from our department of
Management, Technology and Economics and from the department of
Humanities, Social and Political Sciences. There are lectures about manage-
ment abilities, the history of science, Asian history and culture, or behaviour
sciences, just to name a few.

BUILDING A BETTER WORLD — RELYING
ON SCIENCE AND TECHNOLOGY

Besides becoming a champion in his or her academic field, the student should
obtain a broader view of our planet. As I said, we need modern Einsteins —
with innovative scientific ideas and social skills. My hope goes in the direc-
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tion that globalization will preserve some of the cultural differences between
nations. By respecting each other, we will build a better world. For this ambi-
tious plan we have to rely on science and technology.

THE ROLE OF HUMANITIES AND SOCIAL SCIENCES

So far, | have emphasized science and technology. Physics is a way of thinking.
Each complex problem is cut into sub-problems, which can be solved. The art
is to identify these solvable and therefore simplified sub-problems. Other dis-
ciplines are now also starting to use this method. One example for this is that
recently, a researcher at ETH modelled the behaviour of the crowd in Mecca
during the pilgrimage. Instabilities of the crowd could be predicted from mea-
surable quantities during the stable phase: mathematical language and statis-
tics therefore enter into social sciences.

A fascinating problem is to understand human language. The difficulty is
made obvious by the poor performance of language translation by machines.
The ultimate goal is the machine translation of a joke and a machine laughing
automatically at the right spot. This is so difficult to achieve because you have
to understand the culture and history of a country. And there is also an emo-
tional component, too. It is so complex, because it is much more than a pure
linguistic masterpiece.

FUNDAMENTAL INVARIANTS

The question is if we can parameterize the culture of a country? [t needs about
15 years for a child to become familiar with the basics of its own culture, reli-
gion and established prejudices. I believe that the deep truths of our world are
the invariants, the similarities in religions and cultures. Fundamental truths
are usually independent of time. These invariants are the research subjects a
physicist is interested in. Once these invariants are known, the remaining
parameter space of a cultural system or even civilization will be much smaller.
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Figure 1: Wealth intensity versus citation intensity
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Figure 3: Upper secondary school graduation rates in 2005
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CHAPTER

The Innovation Society:
Canada’s Next Chapter

Heather Munroe-Blum '

he story of Canada’s innovation strategy begins with two key measure-
T ments:

1. Since 1990, Canada has ranked first fully eight times in the United
Nation’s Human Development Index, which examines health, edu-
cation and income indicators to assess overall quality of life (United
Nations Development Programme, 1990-2007/08).

2. In 2008, Canada placed 13th out of 17 peer countries in innovation
(Conference Board of Canada, 2008).

The tale is one of a great divide: how to protect the quality of life measured
in the first index by tackling the problem captured in the second. This chapter
examines Canada’s innovation performance and strategies, and suggests some
actions needed to turn Canada into a sustained Innovation Society. While
emphasis is placed on the role of universities, they are not usefully considered
in isolation. In today’s hyperconnected world, innovation unfolds as part of
local, national and international ecosystems. Universities, government at all
levels and businesses interweave their benefits via primary roles, with NGOs,
community groups, arts organizations and others all contributing to the pro-
cess of innovation.

1 I would like to acknowledge, with gratitude, the contributions of my colleague, Susan
Murley, Ph.D., Director of Strategic Communications, McGill University, in the prepara-
tion of this chapter.
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There are many different definitions of innovation, but those that best cap-
ture its essence, I think, see innovation as a dynamic system, one that results
not just in new products but also new ways of doing things along an iterating
cycle with multiple players in the process. For example, in Growing Ontario’s
Innovation System: The Strategic Role of University Research, innovation is
defined as, “the development of new knowledge and ideas, new processes and

new methods, and applying these for economic and societal benefit” (Mun-
roe-Blum, 1999), and that definition, though a decade old, still holds.

THE CREATORS OF INNOVATION

Before analysing Canada’s unique innovation system and assets, I would like
to set the stage by quickly sketching some primary factors that lay the ground-
work for a healthy innovation system:

e A highly educated, creative and adaptable workforce: Today, the tal-
ent pool needed for innovation to flourish runs far deeper than scien-
tists and engineers, and includes managers, lawyers, designers and
experts in the arts and culture. Creativity, multilingualism, entrepre-
neurship and international perspective are also key skills.

e Strong regional clusters that are globally connected: For all the buzz
around Thomas L. Friedman’s “flat” world, local clusters and city cor-
ridors remain vital to innovation. According to Richard Florida,
10 mega-regions, which together have only 6% of the world’s popula-
tion, “account for 43% of the planet’s economic activity and more
than half of its patented innovations and star scientists” (Florida,
2008). To become globally competitive, the best innovation strategy
is built on collaboration with key partners, a high degree of activism
and aspiration, and constant benchmarking of progress against
national and international peers. Interestingly, this most often still
entails the assembling of a critical mass of niche expertise locally but
connected outward. High-profile international collaborations such as
the Human Genome Project have been driven by distributed clusters
of outstanding biomedical, genomics and computational teams, gen-
erally in universities and research institutes, but also in industry labs,
connecting clusters of smart people to harness their collective
strength for economic and human advantage.

e A strategic policy and business environment that encourage industry
innovation in proximity to research universities: Multiple factors fos-
ter business innovation, such as access to venture capital, the availabil-
ity of experienced managers and mentors for start-ups, an intelligent
regulatory environment, indirect and direct government incentives in
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support of business R&D, visionary procurement policies and progres-
sive intellectual property protection frameworks.

e Research excellence as measured by the top international standards
and fluid knowledge exchange: Highly qualified talent emanating
from globally competitive research universities provides an absolutely
vital foundation for promoting innovation in regions and countries,
but alone it is not enough. To put knowledge to work, all players in
the innovation system must interact proactively to build strong con-
nections and trust.

* A mindset open to innovation: The importance of culture and atti-
tude cannot be underestimated. Cities and centres will thrive in this
globally driven market, where business, government and academic
communities are incented to be competitively oriented, entrepre-
neurial and cognizant of the direct line between innovation, prosper-
ity and quality of life.

CANADIAN INNOVATION STRATEGIES

The mid-1990s were a rather grim period for research in Canada, due to an
economic downturn. A drop in the competitiveness of funding programs for
university research and post-secondary education in general led quickly to a
loss of some of Canada’s top talent across fields as wide-ranging as theoretical
astrophysics, economics and genetics. However, governments quickly recog-
nized the importance of supporting R&D at the dawn of the Information Age
and began developing strategies that focused squarely on attracting and
retaining top talent, reinvesting in research, and viewing universities and
business R&D as major contributors to innovation and economic productiv-
ity. In the mid-1990s, the Government of Canada, with the collaboration of
key university and industry leaders and advisory groups such as the National
Advisory Board on Science and Technology, began to formulate a new strat-
egy — one focused on “the creation of a more effective, integrated innovation
system” (Government of Canada, 1996).

Science and Technology for the New Century (1996) laid the groundwork for
Canada’s ensuing innovation strategies, focusing on boosting partnerships and
cooperation among universities, governments and business to encourage
knowledge exchange. The federal government saw itself in “a new role: that
of information analyst, knowledge disseminator and network builder”. The
1996 strategy also emphasized return on investment, through increased
emphasis on accountability, performance evaluation, coordination and smart
management. For the first time, there was recognition that institutions and
the governments of Canada’s provinces must also choose their research/inno-
vation niches. New funding programs such as the Canada Foundation for
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Innovation, established in 1997, required universities to develop overall
“institutional” research and academic strategies. Benchmarking of research
and innovation indicators across jurisdictions within Canada, and between
Canada and other nations, began in earnest. For example, Growing Ontario’s
Innovation System (Munroe-Blum, 1999) was the first comparison of university
research policy and related innovation performance indicators across the large
Canadian provinces. Also in 1999, the Conference Board of Canada pub-
lished its first annual Innovation Report.

With its economic house back in order, the Government of Canada started
in the later 1990s to heighten investments in university research, with much
of the money targeted to creative new programs designed to support “pillars”
of research excellence (people, infrastructure, operating support and indirect
research costs) and to promote intersectoral partnerships. Programs such as
the Networks of Centres of Excellence and the new Canada Foundation for
Innovation (CFI) strongly encouraged collaboration across sectors. The CFI
granted only 40% of a project’s budget, requiring institutions to find the other
60% through their provincial governments, the private sector, foundations,
their own investment and other sources such as philanthropy.

From 1996 to 2001, gross expenditures on R&D in Canada grew by an aver-
age of 10.77% each year, led by growth in the information and communica-
tions technology sector (before the dot-com bust) and the biopharma sector,
along with an influx of government research funding to higher education. * In
the decade from 1997 to 2007, federal investments in university research
started to make up for the lost years of the early to mid-90s, growing by an
average of 11% annually in constant dollars (Association of Universities and

Colleges of Canada [AUCC], 2008).

CURRENT SCIENCE, TECHNOLOGY
AND INNOVATION STRATEGIES

In November 2006, Canada’s federal government launched its most recent
economic plan, Advantage Canada. Among other goals, it has aimed to
upgrade the skills of Canada’s workforce through post-secondary education
and to maximize the value of Canada’s public sector research “by focusing on

2 In comparison, the United States saw annual growth in gross expenditures on research
and development of 7.08% and the U.K. 5.48% for this same period (real dollars). Infor-
mation has been compiled from the statistics provided by the Government of Quebec’s
Institut de la statistique, the Association of Universities and Colleges of Canada (AUCC)
Momentum report and Robert Dugal’s article on “Pharmaceutical Research Investment”.
Note that the AUCC publishes a figure of 8.8% annual growth for Canada, but this figure
is in constant dollars.
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excellence and increased linkages with the private sector” (Government of
Canada, 2006). The government built on the economic strategy with the
release approximately six months later of Mobilizing Science and Technology to
Canada’s Advantage (Government of Canada, 2007). By promoting excel-
lence, choosing priorities, encouraging partnerships and enhancing account-
ability, the science and technology strategy is designed to position Canada for
global leadership. The agenda identifies three imperatives to fortify Canada’s
competitive advantage:

¢ An Entrepreneurial Advantage: “Canada must translate knowledge
into commercial applications that generate wealth for Canadians and
support the quality of life we all want.”

¢ A Knowledge Advantage: “Canadians must be positioned at the lead-
ing edge of the important developments that generate health, envi-
ronmental, societal and economic benefits.”

e A People Advantage: “Canada must be a magnet for the highly skilled
people we need to thrive in the modern global economy with the best-
educated, most skilled and most flexible workforce in the world.”

Mobilizing Science and Technology to Canada’s Advantage targets four broad
fields as federal priorities, and the Science, Technology and Innovation
Council (STIC), created in 2007 as an advisory board to the federal govern-
ment, later recommended specific areas as sub-priorities:

¢ “Environmental science and technologies
Sub-priorities: Water (health, energy, security); cleaner methods of
extracting, processing and using hydrocarbon fuels, including reduced
consumption of these fuels.

e “Natural resources and energy
Sub-priorities: Energy production in the oil sands; Arctic (resource
production, climate change adaptation, monitoring); biofuels, fuel
cells and nuclear energy.

e “Health and related life sciences and technologies
Sub-priorities: Regenerative medicine; neuroscience; health in an
aging population; biomedical engineering and medical technologies.

¢ “Information and communications technologies
Sub-priorities: New media, animation and games; wireless networks
and services; broadband networks; telecom equipment” (Industry

Canada, 2008).

Given the significance of science, technology and innovation to regional
competitiveness and the benefits of seeding priorities and quality locally to
enhance competitiveness at the national and international levels (Munroe-
Blum, 1999), many of Canada’s provinces have also formulated their own pro-
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ductivity and innovation strategies. They share common characteristics with
each other and with Mobilizing Science and Technology to Canada’s Advantage:
increasing commercialization and knowledge exchange, intensifying excellence
in research, attracting and fostering talent, and nurturing regional clusters.

In addition to substantial new provincial research support, the federal gov-
ernment’s strategies have prompted new competitively allocated university
research investments in four pillars:

e Talent: To attract and retain the best faculty, the Canada Research
Chairs (CRC) program, created in 2000, supports 2,000 chairs for
both established and emerging research stars through an annual bud-
get of $300 million. 3 More than 30% of CRCs have been recruited
from outside Canada. Applications are currently underway for 20
Canada Excellence Research Chairs (CERC), proposed via STIC and
established by the federal government in 2008 to attract the world’s
best researchers in the government’s priority areas related to science,
technology and innovation. The Canada Graduate Scholarships pro-
gram (established 2003) and Vanier Canada Graduate Scholarships
(established 2008) both aim to attract top-level graduate talent. The
Vaniers, which are worth a competitive $50,000 per year, are open to
international as well as domestic graduate students, to attract the next
generation of researchers to Canada. These scholarships, along with
the CRCs and CERCs, are beginning to reverse an unproductive
period of natural protectionism where provincial (state) and federal
governments had barriers to international recruitment.

¢ Infrastructure: Reflecting, perhaps, Canada’s particular constitutional
idiosyncrasies, support for university research housing and major
infrastructure fell between the cracks of provincial responsibility for
post-secondary education and federal responsibility for the lion’s
share of university research. To strengthen cutting-edge research
infrastructure, therefore, the Canada Foundation for Innovation has
committed almost $4.5 billion to date for more than 6,000 projects at
129 institutions. Building on this as well, in its 2009 budget, the Gov-
ernment of Canada announced an impressive additional $2 billion in
“stimulus funding” to upgrade facilities and infrastructure at universi-
ties and colleges.

e Research Operations: Over the past decade, federal and many provin-
cial governments have raised the level of operating funding through
research granting councils and other agencies. The Government of
Canada has also invested $840 million in Genome Canada since the

3 All figures are in Canadian dollars unless otherwise noted.
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program’s establishment in 2000, to support genomics and proteomics
research projects, again with an emphasis on stimulating partnerships
and collaborations.

e Indirect Costs: In 2001, the federal government began to cover a per-
centage of universities’ indirect costs or “overhead”, though Canada
still has a long way to go to keep pace with the U.S. and the U.K. Cur-
rently, the universities in Canada that perform the most research
unfortunately receive the lowest percentage of return on their signif-
icant indirect costs.

CANADA’S INNOVATION PERFORMANCE TODAY

The previous decade has seen not only significant investments to promote
innovation and the development of strategic frameworks, but also a new focus
on measuring innovation and productivity indicators and beginning to bench-
mark, albeit selectively, against national and international peers. Canada’s
Science, Technology and Innovation System: State of the Nation 2008, released by
the Science, Technology and Innovation Council (STIC) in May of 2009,
represented significant progress in creating a baseline for understanding where
Canada stands and will allow a monitoring of progress over time on key per-
formance indicators. And numerous organizations, both governmental and
independent, such as the Conference Board of Canada and the Institute for
Competitiveness and Prosperity, are closely tracking Canada’s performance,
analyzing weaknesses and proposing solutions. The Government of Canada
has commissioned reports from several governmental and advisory bodies,
including STIC’s aforementioned report, the Competition Policy Review
Panel’s Compete to Win (2008), and the Council of Canadian Academies’
Innovation and Business Strategy: Why Canada Falls Short (2009).

The proliferation of reports, which recognize Canada’s plentiful assets,
sends a strong coordinated signal that there is a serious need to improve com-
petitiveness. There is a renewed energy for Canada to transform itself into an
Innovation Society. Rather than summarize each report individually, I will
draw on these and other sources to provide an overall picture of Canada’s
innovation performance.

The collective analysis shows that, despite a sincere commitment to
enlarge innovation and R&D capacity, Canada has made only “modest
improvement”, remaining a “solid, middle-of-the-road performer” (STIC,
2009). Canada has not yet reached the OECD average of gross expenditures
on R&D (GERD). GERD as a percentage of GDP (R&D intensity) fell from
its peak of 2.09% in 2001 to 1.89% in 2007, placing it 12th out of OECD
countries (OECD, 2008c and d). In fact, Canada was one of only six OECD

members who saw a fall in research intensity since 2001. The Conference
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Board scores Canada a “D” in innovation, ranking it 13th of 17 countries. In
fact, to put per-capita income on par with the U.S. in 15 years (assuming the
U.S. stays constant), Canada will have to quadruple its productivity growth
(Conference Board of Canada, 2008).

Why the lackluster results in the face of real efforts to turn Canada around
and preserve its quality of life? What are the factors influencing Canada’s
innovation performance? Certainly the nation faces some unique challenges
in shaping a coherent innovation system, though it also boasts great assets.
Canada’s reputation and quality of life draw talented people from across the
world. Internationally, Canada as a nation is well respected, seen as safe, hon-
est and “family friendly”. For the last three years, the world’s most trusted
companies have been based in Sweden, Germany and Canada, according to
the 2009 Edelman Trust Barometer.

A central structural hurdle is Canada’s population density, one of the lowest
in the world. Its population of 33 million is spread out over the world’s second
largest country by area (Central Intelligence Agency, 2009), with a widely var-
ied geography, a broad range of natural resources and very distinctive regional
cultures. While the nation has developed some vibrant clusters (energy in
Alberta; aerospace in Quebec; biotech and life sciences in Quebec, Ontario,
Saskatchewan, and B.C.; information and communications technology in many
provinces, to name just a few), its geography makes it difficult to connect these
local initiatives to form the mega-regions that drive growth. Canada’s status as
a federation also hinders strategic coordination. As noted, research, for exam-
ple, is a dominantly federal responsibility, though given the importance of R&D
to regional growth, many provinces also have their own innovation/S&T strat-
egies and funding mechanisms. Education is a provincial responsibility, though
the federal government funds national scholarship programs.

Despite the difficulties that geography and a complex federated system
raise, Canada’s higher education system has developed quality institutions
with varied missions: from those focused on a regional agenda to internation-
ally ranked universities driving national and international innovation.
According to the World Economic Forum’s The Global Competitiveness Report
2008-2009, “[Canada’s] educational system gets excellent marks for quality”,
with its scientific research institutions ranking fourth internationally (Porter
& Schwab, 2008). Canada’s researchers perform admirably in both the num-
ber and quality of publications. With only 2.8% of the population of OECD
countries, Canada produces 4.8% of OECD publications (Government of
Canada, 2007). Its Average Relative Impact Factor, a measure of “the
national rate of publication in highly cited journals relative to the average
international rate of publication”, ranks sixth in the OECD (STIC, 2009).
And it boasts a rate of international co-authorship fully double the world aver-

age (AUCC, 2008).
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Canada leads OECD countries in the percentage of the population aged 25
to 64 who have completed some form of higher education (OECD, 2008a).
However, while Canada’s college graduation rates rank first in the OECD,
only 24% of Canada’s working-age population holds a university degree, a rate
that lags 11% behind the U.S. (OECD, 2008a). In terms of Ph.D. graduates,
the talent pool that dominantly drives the innovation economy, Canada
places second-last amongst 17 peers in terms of number of Ph.D. graduates in
2006 per 100,000 population aged 20 to 39 (Conference Board of Canada,
2008). The education system possesses the capability to graduate more
advanced degrees, but the receptor capacity of businesses in hiring or other-
wise benefiting from these graduates remains problematic. “Canada’s private
sector does not provide strong enough incentives for students to strive for
advanced S&T and business management skills. Canadian firms across most
industries hire fewer university graduates as a percentage of their total work-
force than do their counterparts in the United States, particularly fewer Ph.D.
graduates” (Government of Canada, 2007). Canadian universities are attract-
ing more international doctoral students than ever before, but since 2001,
fewer are staying (AUCC, 2008), possibly because attractive employment
opportunities are lacking.

Canada’s business demographics hold part of the answer to this puzzle. Can-
ada has a huge proportion of small- and medium-sized enterprises (SMEs),
many successful nationally, but relatively few companies large enough or
innovative enough to achieve and sustain a stable global profile. Some of
those it had, such as Nortel and Alcan, no longer serve this role. SMEs tradi-
tionally conduct less R&D than larger corporations, and typically will not if
they are not led by technologically and scientifically literate managers. The
composition of Canada’s R&D landscape demonstrates this. On average, busi-
nesses in OECD countries conduct 69% of a nation’s R&D; Canadian busi-
nesses conduct 54%. As a result, Canada relies much more heavily on research
stemming from universities than do other countries. Universities in Canada
perform 36% of total R&D, much higher than the OECD average of 17%
(OECD, 2008c). And Canada’s business expenditures on R&D (BERD) sat at
just 1.03% of Canada’s GDP in 2007, two-thirds of the OECD average of
1.56% and about half the U.S. rate (OECD, 2008¢c).

The underlying reasons for the low business investment in research, apart
from the high number of SMEs, are still being teased out. Preliminary research
from a number of analyses, however, suggests the influence of the following
factors:

e [ndustries centred around natural resources, of which Canada has a
large proportion, have been been traditionally less R&D intensive.
However, competing with emerging economies in today’s world
requires that natural resource-based companies have the capacity to
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utilize high-tech identification and extraction processes, develop
value-added products and manage complex social and political sys-
tems that foster environmentally friendly and socially responsible cor-
porate behaviour.

e Historically, Canada has been a “branch plant” economy in sectors
such as the auto and pharmaceutical industries, with R&D tending to
take place in headquarters located outside of the country. Again,
times are changing, and research is now more distributed globally,
regardless of the location of head office. Canada has had some success
in attracting multinational investment in biotechnology and aero-
space research, to name two sectors.

e Canadian industries invest less in capital equipment, particular in
information and communications technologies (ICT), which have
been shown to drive innovation. Canadian firms tend to be, “with
notable exceptions... technology followers, not leaders” (CCA,
2009), notwithstanding an early commitment on the part of the fed-
eral government to, “make Canada the most connected nation in the
world” through building access to the Internet (Manley, 1999).

e Access to venture capital, particularly later-stage, is limited.

¢ Numerous analyses of Canada’s innovation problem also point to a
lack of “business ambition” in certain sectors, such as manufacturing,
what the Canadian Council of Chief Executives called, “a culture of
complacency... a sense that good is good enough” (Canadian Council
of Chief Executives, 2008).

While the situation may sound dire, in fact there are some real rays of hope.
Notwithstanding the branch plants, Canada’s large number of SMEs tells the
story of an entrepreneurial people who roll up their sleeves and start businesses
wherever they see a niche. Canadian companies also have a good track record
in creating new-to-market products (OECD, 2007). What is lacking is the
support, knowledge and capacity to develop the critical mass to allow these
innovative small businesses and smart ideas to compete internationally and
remain Canadian. BERD, or any aggregate R&D spending measurement, also
doesn’t capture the full picture of innovation. The Canadian automotive sec-
tor, despite R&D expenditures that are about one-seventh the level of their
American counterparts, is nonetheless more productive, due to process inno-
vations not captured in BERD statistics (CCA, 2009).

In recent years, analyses have moved from blaming universities for insuffi-
ciently commercializing the products of their research to focusing Canada’s
innovation problem closer to the private sector. In fact, the problem is really
that the country has not sufficiently mobilized the innovation system. Canada
requires a leveraging of talent and innovation across sectors. The low level of
business innovation suggests insufficient productive collaboration of universi-
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ties, governments at the city, state and national levels, and industry. The
World Economic Forum’s The Global Competitiveness Report 2008-2009 notes
a lower level of business-university collaborations, and the OECD’s Science,
Technology and Industry Scoreboard 2007 shows that only 11.8% of large Cana-
dian firms collaborate in innovative activities with institutions of higher edu-
cation, compared with 52.8% of large companies in Finland, the world
leader. 4

Encouraging is the fact that the share of Canadian university R&D
financed by business is one of the highest in the world (OECD, 2008d) and
the value of research contracts more than doubled from 1999 to 2006
(AUCC, 2008). Seemingly, a contradiction exists: Canadian companies are
willing to sponsor research in universities, but it would appear that truly col-
laborative partnerships are not as prevalent as would be ideal. As the Science,
Technology and Innovation Council points out in its recent report (2009),
more study is needed to understand the reasons why.

THE WAY FORWARD

Canada stands at a crossroads. It has taken large steps toward becoming an
Innovation Society, but other nations are leaping forward faster. The new
U.S. administration has a coherent vision for higher education, research and
innovation and the will to achieve it. The competitive pressure from Canada’s
southern neighbour has already provoked fears of a new brain drain, but may
instead have the positive effect of spurring the country to greater action.
Noted American science policy advisor, James Duderstadt, has noted that
while it can take, on average, a decade or more to build a research program of
significance, just two to three years of neglect can stifle it. After all, momen-
tum is hard to build, and to lose it is tragic.

So how can Canada quickly refine its strategy to become an innovation
leader? What specific actions should it take? In broad terms, for Canada to
succeed in this new global environment, all the key players in Canada’s inno-
vation ecosystem must collaborate. Canada is not big enough to accommodate
one country, 10 provinces and three territories acting in isolation or actively
working against each other, all hoping to capture the attention of institutions
and regions around the world.

The core of any innovation strategy should be talent and knowledge, and
in these areas Canada possesses a solid foundation to build on. In terms of tal-
ent, Canada is starting to move away from old-school thinking, that intellec-

4 Data for Canada includes the manufacturing sector only, and some differences in the
survey methodology used in Canada mean that the true percentage of university-industry
partnerships may not be fully captured. Nonetheless, the gap is striking.
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tual protectionism that concentrates on only home-grown skills development.
The federal government’s new Canada Excellence Research Chairs and
Vanier Scholarships provide an opportunity to attract high-level interna-
tional stars and stars-in-training. In addition to initiatives to attract skilled
people, Canada also needs to foster connections with students, faculty and
business leaders who leave the country. A recent OECD study advises that,
“The mobility of researchers... is not necessarily a zero-sum game in which
receiving countries gain and sending countries lose” (OECD, 2008b). There
exists an opportunity to advance distinctive international networks in areas
of Canadian strength and continue to derive benefit from the flow of ideas and
the uptake of new technologies and processes that speed innovation.

As well, we need to broaden our ideas of leadership, and ensure that orga-
nizations are growing more “distributed leadership”, in which roles are shared
across a group fluidly, according to the capabilities of individual members,
allowing the best approaches to come forward. Increasingly, universities can
support the development of global citizens, people who are comfortable mov-
ing freely across cultures and borders, who are scientifically and technologi-
cally literate, with nimble minds, tolerant attitudes and facility in more than
one language.

As elsewhere, Canada must continue to invest in both basic and targeted
research at levels that will allow the country to keep pace with, and in some
fields lead, the G7. The right funding mix across the four pillars of research
support (talent, infrastructure, operating and indirect costs) will help make
the most of investment. Paradoxically, the influx of superb new talent to Can-
ada, thanks to new programs such as the Canada Research Chairs, the Canada
Foundation for Innovation and the Knowledge Infrastructure Program, has
had the effect of stretching thin operating funding for research and discovery.
Ongoing dialogue across levels of government and academia, as well as a real-
time assessment of changing needs, will be required to ensure that the balance
most conducive to innovation and retaining talent can be found.

Federal, provincial and business strategies, as well as the recent benchmark-
ing reports referenced above, identify the need not only to fortify knowledge
and talent, but to harness these assets to address the country’s stubbornly per-
sistent problem of business innovation; perhaps through a more constructive
form of competetive federalism. And this problem isn’t ours alone. World-
wide, nations are struggling to identify the best mechanisms to open up
knowledge exchange across sectors. The issue is not straightforward because,
at its heart, it is about social capital, what the OECD calls, “the norms and
networks facilitating co-operation either within or between groups” (Box,
2009). The complex social context of innovation includes the different cul-
tures in industry versus academia and goverment, interactions between people
with distinct agendas, and levels of trust among the various actors. Qutreach
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and communication among all players in Canada’s innovation ecosystem will
be a start.

Aside from “soft” mechanisms to address co-operation, governments can
also establish better frameworks to promote business innovation. For example,
the Canadian government currently provides the richest government support
of business R&D as a percentage of GDP of 13 OECD countries (STIC, 2009).
With the highest level of support, however, Canada is getting some of the
poorest results — a level of BERD well below the OECD average. The answer
to this puzzle may be found in the nature of the support. Approximately 90%
of government assistance is indirect, through non-refundable tax credits
(STIC, 2009), and recent studies are suggesting that “subsidies [i.e. direct sup-
port] have a greater impact on small firms’ R&D expenditures than those of
large firms” (Box, 2009). Given the large concentration of SMEs, reviewing
the balance of indirect and direct government aid to business R&D would be
strongly advisable.

More direct support of business R&D would also allow governments to tar-
get a percentage of investment to their defined priority fields, as it currently
does with academic research. The shared platform would provide a sense of
common purpose for industry-university-government partnerships. We are
missing the opportunity to forge strategic collaborations that would integrate
cutting-edge knowledge, talent and research from universities into business
and government in a way that creates and sustains results.

Happily, Canada is not just looking within its own borders for partnerships.
Though Canada does not have a national framework for international
research, it did launch the International Science and Technology Partner-
ships (ISTP) program in 2005 to advance international networks and fund
international research projects with commercial potential. Over the last few
years, the federal government has also negotiated individual bilateral agree-
ments with countries such as India (2005), Israel (2006), China (2007) and
Brazil (2008). But the future of high-impact international partnerships, I
believe, lies in a new model: one where high performers in the key innovation
sectors in Canada — from industry, government and universities — work in
targeted partnerships with the key sectoral players in peer countries. Close
competitors become close collaborators. The Canada-California Strategic
Innovation Partnership, or CCSIP, is piloting this new model.

CCSIP was formed in 2005 to mobilize bilateral collaborative research,
development and delivery in the two “innovation-intensive” regions of Can-
ada and California. This is not the usual researcher-to-researcher collaboration.
The CCSIP partnership champions new paradigms of cooperation and focuses
on innovative areas with market potential that are strengths for both jurisdic-
tions: stem cells and regenerative medicine, information and communications
technologies, advanced transportation and energy, nanotechnology, infectious
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diseases, venture capital, intellectual property, and the development of highly
qualified personnel (Canada-California Strategic Innovation Partnership).

[ see CCSIP as a promising model of research partnership because it takes
an effective national strategy and makes it global. The partnerships revolve
around the shared priorities and strengths of each jurisdiction, providing a
focus for investment and connection. The joint initiatives are time-limited,
jointly funded and have champions on the ground in both jurisdictions. This
makes it easy to quickly identify and act upon critical research questions that
align with industry needs. Because governments are involved from the ground
up, they are motivated to smooth out obstacles and adjust policies to speed
along results. And perhaps most importantly, CCSIP establishes a network of
the most critical players — the organizations and people that, when brought
together, are most likely to jumpstart innovation.

CONCLUSION

Talent, research excellence, knowledge exchange, international connections
— what could be missing to create the unbeatable strategy that will turn Can-
ada into an Innovation Society? As your parents or teachers might have told
you, attitude is everything. To most Canadians, innovation or productivity
gaps are issues too abstract to capture their imagination, especially since the
quality of life here is still strong. As well, Canada has experienced some buff-
ering of the impact of the current economic turbulence owing in part to the
smart regulatory framework governing the banking industry in Canada. As
Robin V. Sears (2007) says in his informing and entertaining article, “Bridg-
ing the Political Productivity Gap”, the, “not unreasonable query of the aver-
age Canadian,” is: “If we are doing so badly why are we doing so well?”

But unless they heed the warning signs of recent benchmarking reports,
Canadians risk losing the wonderful quality of life that has pushed the country
to the top of the Human Development Index for so many years. Canada needs
a new coherent vision, uniting the country behind a national dream of inno-
vation, as it were. Together, Canadians can interweave wealth creation with
strong social values, balancing concern for environmental impact, global
health, and addressing growing disparities for the disenfranchised with inno-
vation, education, economic stability and growth.

Today, Canada is prosperous. Will it be tomorrow?
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CHAPTER

Singapore: successful
in research, striving
for innovation

Bertil Andersson, Tony Mayer and Jeffrey Nadison '

INTRODUCTION

cross the World, governments subscribe to the thesis that investment
in research is a worthwhile public good for a number of reasons. Such
investments are generally predicated on the view that research will
lead directly to innovation and, hence, to wealth and employment creation.
This “linear” model is an over-simplification of a complex reality in which
there are innumerable feedback loops. However, in broad terms, it is a truism
that investment in research should support and encourage economic develop-
ment and whilst sometimes not leading directly from one to the other, never-
theless it provides the essential “substrate” on which innovation grows.
Singapore, whose name translates as the “Lion City”, is a unique state in
the modern World and one which has experienced extraordinary economic
growth over its 44 years of existence. In its economic development and, more
lately, in its research development, it has certainly lived up to its name with
a ferocious commitment to drive its economic development forward. This has
been based on its basic nature and geography as a World entrepdt to which
has been added a burgeoning economic sector (according to some measures, it
now ranks only behind London and New York and ahead of Hong Kong in
terms of trade volumes), a substantial tourism industry and, last but not least,
a thriving manufacturing sector. Recognizing that, faced with competition

1 Acknowledgements: We wish to thank Mme Ho Hwee Shi, Jan for all her help with the
diagrams and figures and in formatting this paper.
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from major players such as China, the latter sector has to evolve from one
based on low employment costs to one which can provide high value goods,
the Singaporean government has fully embraced the concept of the knowl-
edge-based economy. As part of this aim, the government has lived up to its
soubriquet to push forward to become one the World’s poles of expertise of
high level research. This has happened since the start of the millennium and
Singapore is now playing in the top league for research, deservedly so given
the huge public investment in research that has been made over the past
decade.

The achievements are impressive, especially considering that Singapore is a
geographically very small country with a population of only 4.5 million inhab-
itants. Furthermore, unlike city states of the past, it lacks a geographical hinter-
land. This is a unique situation and one which was recognized by Singapore’s
founding father and long-time Prime Minister, Lee Kuan Yew, when he has
talked about the necessity to develop a global hinterland to compensate for its
geographical disadvantage. Certainly nothing is more global than research.

The country has some natural advantages in terms of its vibrant, multi-cul-
tural and cosmopolitan society with a strong business community, a strong
work ethic and with its main language of administration and business being
today’s lingua franca, English. Furthermore, it is able to take advantage of its
geographical position in South East Asia and act as a bridge between the rising
economic powers of China and India; forming a cultural linkage between “the

rn

West” and “the East”. In some respects it may be termed “Asia-‘lite’.

A STRONG EDUCATION SYSTEM

Singapore benefits from having a strong school education system that pro-
vides the “raw material” for the universities, for employers and for the Sin-
gaporean “research project”. Indeed Singapore ranks among the best Asian
nations in terms of having the best brains in mathematics. The 2007 Trend in
International Maths and Science Study (TIMSS) conducted by Boston Col-
lege, U.S., puts Hong Kong, Singapore and Taiwan students scoring best in
mathematics and with the best science students coming from Singapore, Tai-
wan, Japan and Korea.

However, one notable feature of the Singaporean educational system is its
very vocationally minded approach and it is from such a base that one might
discern some of the difficulties that we deal with later in this paper.

GLOBAL AND HISTORICAL COMPARISONS

Singapore has used these advantages effectively to propel itself forward in
research to become a leading player in what is now a multi-polar World of
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Asia, Europe and North America. Previously, there has been a tendency to
look at World economy in terms of Europe and the U.S., including also Japan.
However, historically this may not be a true picture as shown by Madison in
his 2003 Statistical analysis for the OECD when he compared GDP figures for
the major regions of the World over the past 300 years (see Table 1).

Table 1: Estimates of the percentage contribution to Global GDP, 1700-2003

1700 1820 1952 1995 2003
China 22.3 329 5.2 11.1 15.1
India 24.4 16.0 4.0 4.6 5.5
Japan 4.1 3.0 3.4 8.1 6.6
Europe 24.9 26.6 29.3 23.8 21.8
United States 0.1 1.8 21.5 21.2 20.6

Source: Madison, A. (2003). The world economy: historical statistics. Paris, France: Develop-
ment Centre of the Organisation for Economic Co-operation and Development.

In other words, in the historical long-term we have been part of a multi-
polar World and may be returning to this “ground state” for global economies
in the 21st century. Working through successive 5 year plans, Singapore has
set itself a very ambitious target of 3% for both public and private investment
in GERD (gross domestic expenditure on research and development) within
its GDP by 2010. If this target is achieved, and there is every likelihood of this
happening, then Singapore will join an elite group of countries with this or a
higher GERD investment level, i.e. Finland, Israel and Sweden. It is notewor-
thy that this is the same ambitious target as that set for itself by the European
Union within the Lisbon Process. However, the likelihood is that Singapore
will succeed, while the E.U. has already acknowledged that this target is
beyond its current capacity. Figure 1 shows recent trends in the development
of GERD in selected countries.

DEVELOPMENT OF THE SINGAPOREAN RESEARCH SYSTEM

Singapore has an added advantage of having a well integrated Government
system and where there is a strong inclination to take and plan for the longer
view. Currently, the most recent quinquennial plan for Science and Technol-
ogy is ending (2006-2010) and the Government is actively planning for the
next five years. During the current plan period, there has been an impressive
additional investment of $S13 billion (€6.5 billion) which may be compared
with the E.U. Framework Programme which has an expenditure of just over
€7 billion per annum for a population some 100 times larger than that of
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Figure 1: R&D intensity (GERD as % of GDP) in the major world regions,
1995-2007
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Source: OECD, Main Science and Technology Indicators 2009-10.

Singapore. This investment has been principally apportioned between the
Agency for Science, Technology and Research (A*STAR) Institutes and the
universities (see Figure 2), with for the latter, the introduction of very com-
petitive schemes such as that for Research Centres of Excellence (RCEs) with
an investment level of $S150 million each over 10 years and with around five
Centres being created in the first five-year period, other highly competitive
and strategic funding and the highly prestigious National Research Founda-
tion’s (NRF) Research Fellowships for young and very talented post-doctoral
researchers. In fact, the Plan saw the creation of the NRF within the Prime
Minister’s Office to oversee this investment in research in the higher educa-
tion sector. It is noteworthy that the NRF’s mandate is not simply the funding
of excellence, but to do so with one eye on the ultimate benefit for the Sin-
gaporean economy. It is also noteworthy that part of the investment is to the
Economic Development Board as part of its activities to stimulate research
coupled with inward investment.

Singapore has rapidly developed its university sector to be research-inten-
sive and should be proud that its two major science and technology universi-
ties rank within the top 100 in the World, according to the latest Time Higher
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Education/QS rankings. Now there is an advanced plan to create a fourth uni-
versity to cater for an increased entry cohort of up to 30% and which will also
be devoted to science, technology and design.

Figures 2 and 3 illustrate the structure of the Singaporean research “ecosys-
tem” and its academic research performers.

Figure 2: Singapore: Research Funding Ecosystem
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Figure 3: Singapore’s Higher Education Institutions — the main research performer
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IMPORTING TALENT

Singapore has developed a tradition of importing talent in a number of ways.
This is partly because of the difficulty of attracting Singaporeans themselves
into research and may be demonstrated by the origins of the intake of students
into the universities. At the undergraduate level, 20% of the students are
incomers to Singapore (coming principally from its neighbours — Indonesia
and Malaysia). This rises sharply to 60% at the postgraduate level including
80% undertaking Ph.D.s (many of the latter come from China, as well as those
coming from other parts of the World on the very generous SINGA scholar-
ships).

This unprecedented and massive research investment in global terms has
served to attract top research talent into Singapore through both the
A*STAR institutes and the universities. In the latter case, this comes from
the recruitment policies of the universities and from the NRF funding
schemes, especially the RCE, which demands the bringing in of top, senior
researchers from overseas. In this manner, Singapore has been able to “leap-
frog” into the top level of World research. For example, the RCE on the Earth
Observatory of Singapore, based at NTU, has catapulted Singapore overnight
from a place with virtually no Earth Sciences into a centre having some of the
World’s leading researchers in seismology, tectonics and volcanology.

It is this pro-active recruitment at the very top levels coupled with what
may be termed “institutional recruitment” that has propelled Singapore into
this upper echelon of World research. Through partnerships and direct
recruitment, Singapore has brought in an impressive list of institutions includ-
ing MIT, Stanford and Cornell Universities from the USA, Imperial College
London and Cambridge University from the UK, the Technical University of
Munich, Germany, ETH Zurich, Switzerland, INSEAD from France and
Technion, Israel.

Coupled to this has been the ability to attract top level technologically
based multi-national companies and again the list is impressive: General Elec-
tric, EADS, Rolls-Royce, Siemens, Robert Bosch, Infineon, Panasonic,
Novartis, GlaxoSmithKline to name but a few. These companies provide high
quality employment, but they are also attracted by the availability of a highly
educated and “research-savvy” work force and the very positive and company
friendly business environment that has been created.

INNOVATION — SOME GLOBAL COMPARISONS

Having demonstrated the rapid rise of Singapore in the “research league” and
its very sound educational base, one also needs to examine the innovation
record of the country as the third side of the so-called “knowledge triangle”.
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Figure 4: Examples of major infrastructure investment to house the A*STAR insti-
tutes: On the left is Biopolis and on the right is the recently opened Fusionopolis,
both at the One North academic and research complex

Biopolis Fusionopolis

As shown in the above paragraph, Singapore is a natural home for high
technology industry. It is also a centre of economic endeavour and entrepre-
neurialism and its citizens are business-minded. Singapore ranks as having one
of the most business-friendly environments with full intellectual property pro-
tection. In terms of Global Competitiveness measures, Singapore ranks in
fifth place and yet the technological innovation process falls below the high
standards of research and research investment.

We have looked at a number of international comparisons as part of a study
into the promotion of commercialization of research, specifically that at NTU.

In terms of Global Competitiveness, as shown in the Global Competitive-
ness Report, 2008-2009, World Economic Forum, Geneva 2008, Singapore
ranks fifth in the World (the highest of any Asian country and moving up two
places from the 2007-2008 survey behind the USA, Switzerland, Denmark and
Sweden). The upward progression of the overall ranking is a result of a strength-
ening across all aspects of the institutional framework. Singapore is placed
among the top two countries for the efficiency of all of its markets — goods,
labour, and financial — ensuring the proper allocation of these factors to their
best use. However, if one examines the innovation factors themselves in this
study, the picture is much more uneven — Singapore drops to 11th place for
innovation factors and patents per million of population (see Table 2).

Although substantial gains can be obtained by improving institutions,
building infrastructures, reducing macroeconomic instability, or improving
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Table 2: 2008-9 Global Competitiveness Index Rankings — Top Ten Performers

Overall Basic Efficiency | Innovation PatI\;irll.ts/
2008-9 Requirements | Enhancers Factors Popl.
Rank | Score | Rank | Score |Rank | Score | Rank | Score | Rank
United States 1 | 574 | 22 5.50 1 | 581 1 ] 5.80 2
Switzerland 2 | 5.61 2 6.14 8 | 5.35 2 | 5.68 6
Denmark 3 | 5.61 4 6.14 3 | 549 7 | 537 14
Sweden 4 | 558 6 6.00 9 | 535 6 | 553 8
Singapore 5 | 553 3 6.14 2 | 552 11 | 5.16 11
Finland 6 | 550 1 6.18 | 13 | 5.51 5 | 553 4
Germany 7 | 546 7 5.96 11 | 522 4 | 554 9
Netherlands 8 | 541 | 10 5.81 7 | 538 9 | 520 13
Japan 9 | 538 | 26 536 | 12 | 5.22 5 | 5.65 3
Canada 10 | 5.37 8 5.84 5 | 544 | 16 | 4.96 10

the human capital of the population, all these factors eventually run into
diminishing returns. The same is true for the efficiency of the labour, financial
and goods markets. In the long run, standards of living can be expanded only
with technological innovation. Innovation is particularly important for econ-
omies as they approach the frontiers of knowledge and the possibility of inte-
grating and adapting exogenous technologies tends to disappear. Although
less advanced countries can still improve their productivity by adopting exist-
ing technologies or making incremental improvements in other areas, for
countries such as Singapore, which has reached the “innovation stage” of
development (Porter and Schwab define three stages of economic develop-
ment, largely correlated to national per capita GDP. These stages — or eco-
nomic phases are: a. Factor-Driven Economies, b. Efficiency-Driven Econo-
mies, and c. Innovation-Driven Economies. Singapore, with a per capita GDP
of US$35,163 is in this third stage) this approach is no longer sufficient to
increase productivity. Firms in countries such as Singapore must design and
develop cutting-edge products and processes to maintain a competitive edge.
This requires an environment that is conducive to innovative activity, sup-
ported by both the public and the private sectors. In particular, this means suf-
ficient investment in R&D, the presence of high-quality scientific research
institutions, extensive collaboration in research between universities and
industry, and the protection of intellectual property. The other key pillar for
ensuring innovation competitiveness is a sophisticated financial market.
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There is now concern expressed in Government circles about the low out-
put of innovation as measured by start-ups and income for the higher educa-
tion sector. Whilst 11th position is still very creditable, one has to ask what
the reasons are for this comparative failure. Is it cultural or is it systemic? We
believe that one may discount the latter given the encouragement to move to
innovation and the very business friendly conditions that prevail.

Table 3 illustrates the position of Singapore within the Global Competi-
tiveness Survey by components of the “innovation factors”.

Table 3: Global Competitiveness Index Rankings — Innovation Factors

Performance Factors Singapore’s position/134
Quality of Education System 2
Quality of Math and Science Education 2
Secondary Enrolment 21
Tertiary Enrolment 31
Quality of Science and Research Institutions 13
Availability of Scientists and Engineers 12
University — Industry Research Collaboration 5
Foreign Direct Investment in Technology Transfer 1
Intellectual Property Protection 2
Brain Drain 13
Capacity for Innovation 19
Quality of Management Schools 7
Availability of Venture Capital 12

Source: The Global Competitiveness Report 2008-2009, World Economic Forum, Geneva,
Switzerland 2008.

Innovation — cultural issues

Low Kim Cheng Patrick identified four obstacles or impediments that tended
to discourage the setting up of businesses among Singaporeans. These were
being overly compliant, being too “left-brained”, over-pampering and the fear
of failure. Low suggested that Singaporeans need to make a “paradigm shift”,
adopt a “backpack mentality”, embrace globalized thinking and networking
and tapping into their own rich cultural diversity.

National cultures can be described according to the analysis of Geert Hof-
stede. These ideas were first based on a research project into national culture
differences across subsidiaries of a multinational corporation (IBM) in
64 countries. Subsequent studies by others covered students in 23 countries,
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elites in 19 countries, commercial airline pilots in 23 countries, up-market
consumers in 15 countries, and civil service managers in 14 countries.
Together these studies identified and validated four independent dimensions
of national culture differences, with a fifth dimension added later.

Such an analysis leads to interesting results when comparing Singapore
with small, developed economies such as Denmark, Hong Kong, Israel and
Ireland (see Figure 5).

Figure 5: Comparison of cultural factors related to Innovation between Singapore
and a selection of small developed countries
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Source: Variables derived from Geert Hofstede’s National Cultural Differences IBM
Dataset.

It is informative to note that Singapore is significantly the most risk
avoidant of the states considered, hierarchical and more prone to collectiv-
ism. This is further emphasized when combining both the Hofstede analysis
and the WEF Capacity for Innovation Ranking. Again, this results in similar
conclusions when comparing Singapore against the average figures for the top,
middle and bottom third of the countries ranked (see Figure 6).

Turning now to patent statistics, the overall picture shows that, despite giv-
ing what appears to be a reasonably healthy income stream, it is one that could
be considerably improved.

In analysing the situation further, especially in terms of the output from the
academic institutions in terms of the Global Competitiveness Report, one
sees that, in comparison with the U.S., the usual benchmark, patents per mil-
lion of population are 89.3 for Singapore against 261.7. Looking at a compa-
rably sized country with an enviable innovation record, Israel, the figure is

158.1. (see Table 4)
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Figure 6: Capacity for Innovation Ranking — Comparison of Singapore against
the top, middle and lower third of the rankings
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= exclusively from licensing or imitating foreign companies, 7 = by conducting formal
research and pioneering their own new products and processes)

Source: Variables derived from Geert Hofstede’s National Cultural Differences IBM
Dataset, Rankings from the Global Competitiveness Report 2008-9, World Economic
Forum.

A particularly telling statistic is that the top research performers in Sin-
gapore (all the A*STAR institutes plus the National University of Singapore
and the Nanyang Technological University) collectively created only as
many start-ups as the top U.S. academic institutions such as Harvard or Stan-
ford and have fewer start-ups than the relatively small but very research-
intensive California Institute of Technology (CalTech). In fact, one can
extend this comparison further to include the Canadian universities in British
Columbia and Toronto (see Table 5).

Despite the encouragement of the system to create value from the research
investment, there still seems to be an “innovation deficit” within the Sin-
gaporean research system. How can this be addressed?

Evidence from interviews

A series of interviews with NTU faculty members was conducted during
Spring 2009 which showed up a series of perceived impediments to innova-
tion within NTU. A simple cluster analysis was undertaken of the notable
comments “harvested” during the interviews. The cluster of highest frequency
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Table 4: International comparison of patent production/population

Taiwan, China 270.4

United States 261.7 Government spending

Japan 260.0 on uniyersity R&D ha.s yet

Finland 1604 to realize an economic

lsracl o return one year on

Switzerland 141.8

Korea, Rep 130.9

Sweden 116.6

Germany 109.4

Canada 100.9

Singapore 89.3

Actual PerMil.Pop

Granted Patents 67 15.2
License Revenue $560,000
Salaries $1,120,000

Sources: Global Competitive Index 2009; NRF R&D National Survey, 2007

Table 5: Comparison of the Academic Output of Start-up Companies in Sin-
gapore and selected leading North American Institutions

Name of Institution 2007 Start-ups

Singapore Academic and Research Institutions 8
(Nanyang Technological University/

National University of Singapore/A*STAR Research Institutes)

California Institute of Technology (CalTech) 11
Georgia Institute Of Technology 9
Harvard University 6
Massachusetts Institute of Technology 24
Stanford University 6
University of British Columbia 5
University of Toronto 8

related to culture and risk aversion. Without exception, these comments were
shared as examples of impediments to innovation and are highly consistent
with the ideas cited in the work of Low Kim Cheng. These quotes indicate
that a challenge to innovate in Singapore may be the tendency to avoid “dis-
ruptive development” arising from new ideas.
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Following in order of importance were comments about a perceived
dilemma concerning the need to publish to secure tenure-ship versus with-
holding public disclosure to be able to maintain some competitive advantage
with commercialization of IP in mind. Typical of this sentiment is the follow-
ing quote:

“Key Performance Indicators (KPIs) drive all behaviour at the university. Professors
still prefer to publish rather than patent in order to fulfil requirements to secure tenure”.

The third most prevalent type of comment concerned collaboration. Gen-
erally, interviewees suggested that collaboration across disciplines on campus
is limited and acknowledge that much more is needed. Several interviewees
discussed the need for “translators” to build bridges across disciplines as a means
of overcoming this limitation. The following quote expresses well this idea:

“There is a vital role to play for ‘translators’ between ‘links in a value chain’, i.e.,
between pioneering research, applied research and applications development. The
individual ‘links’, as pools of domain expertise, tend to be narrowly focused but deep.
This often hinders progress as concepts move from theory to commercial reality as
the ‘warlords’ in each domain ‘fiefdom’ tend not to share a common lexicon”.

The frequency of these comments is shown in Figure 7 and again they dem-
onstrate a cultural rather than a systemic problem.

In recognizing this problem and in trying to provide a new incentive to
change academic habits, the NRF has introduced a new scheme to encourage
the universities to develop new and more pro-active measures to encourage
more entrepreneurial thinking by faculty members. These include provision
for each university to establish an “Enterprise Board” to manage a generous
Innovation Fund totalling some $S25 million which supports entrepreneur-
ship education, technology incubators and “entrepreneurs-in-residence” to
promote the commercialization of university technologies. Within the enter-
prise support structures, the fund provides for Proof-of-concept grants; Tech-
nology incubation schemes; Early-stage venture funding; support for Disrup-
tive Innovation (DI) incubators; and Special innovation overheads from
research grants.

While all these measures are to be welcomed, there still remains the cul-
tural resistance to be overcome. Perhaps, ultimately, it has to be recognized
that this is a long-term process and that only with a profound cultural shift will
Singapore be able to take full advantage of its far-sighted vision to fund
research as a major tool of economic development. Given the nature of Sin-
gaporean society as it has developed over the past 40 years, this is something
for which the Government has to take responsibility. Financial incentives and
the provision of entrepreneurial training can only go so far without endeav-
ouring to change the mindsets of the technocracy within the country.
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Figure 7: Frequency of Unsolicited Interview Comments on Innovation Processes
at NTU, 2009
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CONCLUSION

Despite the far-sighted decision to treat research investment as a key part of eco-
nomic development and its commitment to a knowledge-based economy, the
Singaporean government still struggles to reap the rewards of this policy in
encouraging increased risk-taking and the development of an entrepreneurial
academic society. However, it has to be recognized that the policy of research
investment, based on a first class education system, has paid off in allowing Sin-
gapore to very rapidly leap-frog into the top echelons of World science and to
attract high class, technologically-based inward investment and to provide the
infrastructure to support this advanced economy. However, it must also be rec-
ognized that the whole research-innovation “enterprise” is still very young and
that it may have been over ambitious in expecting its innovation returns to
match that which could be expected from more “mature” systems. Nevertheless,
there does appear to be difficulties in developing a truly entrepreneurial
approach in terms of high technologically based innovation emanating from its
academic institutions. Now it has to address how to change mindsets in its quest
to economic advancement and to maximize the return on the investment made
on behalf of its citizens for their future benefit.
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CHAPTER

KAUST: An International,
Independent, Graduate

Research University

Fawwaz T. Ulaby

INTRODUCTION

ducation, research and economic development are among the highest
E priorities established by King Abdullah for Saudi Arabia. An equally
important overriding priority for him is the development of women for
greater participation in the workforce. According to UNESCO, women make
up 58% of the total student population of Saudi Arabia, and yet only 16% of
the Saudi workforce (excluding foreign workers) is made up of Saudi women.
To advance his agenda, the King has increased support for higher education
tenfold over the past two years, and promises to maintain it at that level for
the next ten years. This year he authorized funds for the construction of two
new university campuses, both for women, at approximately $10 billion each.
He has also boosted the government outlay to all of Saudi Arabia’s 20 other
universities.

While this new level of funding will likely improve the quality of higher
education and make it available to a greater segment of Saudi society, its focus
is primarily on undergraduate degree programs and the professional schools
(medicine, business, engineering, etc.). King Abdullah’s pride and joy is
KAUST (King Abdullah University of Science and Technology), not only
because it carries his name, but also because it is envisioned as a model for the
global research university of the 21st century. The initial concept of KAUST
as an elite, relatively small, international, financially independent, graduate
university (Figure 1) was introduced to King Abdullah (under a different
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name) by a small group of advisors in June 2006. Today, only three years later,
construction of its $10 billion campus is almost complete, most of its research
facilities are in the final stages of acceptance testing, many of its initial cadre
of faculty are in the process of moving themselves and their families to Saudi
Arabia, and all plans are on schedule for opening day on 5 September 2009.
KAUST’s incoming class is expected to be ~400 graduate students.

Figure 1: The KAUST concept

An Independent university governed by an independent, self-perpetuating
Board of Trustees, according to its Charter and Bylaws

Based on merit, open to men and women from all over the world

Matrix organizational structure of acadetnic divisions and research centers

Research tunding to support global partnerships

Collaborative research with the private sector to advance economic development

An environmentally responsible campus

PERSONAL CONNECTION

My personal involvement with KAUST started during the concept formula-
tion stage in the spring of 2006. I later participated in several KAUST-spon-
sored programs, primarily as an advocate and advisor. In May 2008, I accepted
a formal appointment with KAUST as its Founding Provost and the first
member of its academic faculty. Exactly one year later, I resigned from
KAUST and returned to the University of Michigan. I provide this back-
ground to place in context the material contained in this presentation, most
of which will be factual information about the story of KAUST to date, but
often intermingled with personal observations and lessons learned. In brief,
my association with KAUST was a unique and exhilarating experience, very
rewarding, highly demanding and certainly memorable.

THE KAUST MISSION IN BRIEF

Whereas King Abdullah has been the financier and driving force behind the
establishment of KAUST, and Minister Naimi, chair of its Board of Trustees,
has been its chief guide and archangel, Frank Rhodes has been KAUST’s spir-

itual leader and mentor. Frank’s role is most evident in his articulation of

KAUST’s academic philosophy, through both its Bylaws and Articles of Gov-
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ernance. KAUST’s mission (Articles of Governance, 2008) is captured by the
following excerpt:

The University exists for the pursuit and advancement of scientific knowledge and
its broad dissemination and benevolent application. As a world-class research uni-
versity, King Abdullah University of Science and Technology will be a catalyst for
diversification of the Kingdom of Saudi Arabia to a knowledge-based economy. By
these means, the University serves not only the Kingdom of Saudi Arabia, but also
the larger region and the world.

Independent in its character, international in its membership, scientific and tech-
nological in its focus, the University provides graduate-level instruction, awards
masters” and doctoral degrees, undertakes advanced research, and collaborates with
other organizations in pursuit of its purposes.

Members of the Faculty are dedicated to research, teaching, and the advancement
and application of knowledge. As such, they have an obligation not only to their
scholarly professions and the University but also to their students and the larger soci-
ety. This obligation requires an environment of openness and free inquiry, if the
University is effectively to serve the public interest. The Articles of Governance are
intended to nurture and support that environment, and thus to promote the well-
being and effectiveness of the University.

As the Bylaws state: “Within the University, the faculty members shall enjoy the
academic freedom and freedom of research available in international universities, and
shall use such freedom and rights to boost the students’ knowledge in their fields of spe-
cialty, improve their scientific competencies and skills, and develop and enrich knowl-
edge.” The Faculty shall have a fundamental role in University governance pursuant
to mechanisms set forth in Article 11, Article V, and such policies, consistent with the
Articles of Governance, as the University shall from time to time establish.

ACADEMIC INFRASTRUCTURE

The birth of KAUST is characterized by two overriding features: speed and
parallel development.

KAUST Speed

From breaking ground in October 2007 to completion by August 2009, the
20-month-long, $10-billion construction project of the KAUST campus is
nothing short of monumental in size, scope, environmental quality, complex-
ity and speed. Realization of the physical infrastructure (Figure 2) — which
included 3,000 housing units for faculty, staff and students and all of the usual
services of a small town (schools, health clinic, shopping mall, entertainment
centres, restaurants, etc.) — could not have been possible had it not been for
the heroic efforts of a highly experienced group of about 200 engineers and
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managers that was seconded to KAUST by ARAMCO. That said, we also
know that buildings and laboratory facilities are only a necessary, but not suf-
ficient condition for establishing a viable research university. The heart of an
academic institution is its people — the faculty, staff and students, and its soul
is the collective academic environment that defines its values, relationships
and expectations.

In the spirit of democracy and self-governance, we (academics) are accus-
tomed to an environment in which all significant (and all too often even
insignificant) decisions are made through a lengthy process involving com-
mittees, meetings and more meetings. Moreover, under common circum-
stances, when we assume academic administrative positions, we move into
fully operational systems capable of functioning autonomously, with or with-
out us. KAUST started from scratch, which is both an opportunity and a
challenge. When I was appointed as KAUST’s chief academic officer, [ was a
chief of a tribe of one, myself. | had no academic staff of any stripe or descrip-
tion, not even a secretary. And yet, I was expected to create the critical mass
that will soon evolve into a world-class research university (Figure 3). With
the help of and active participation by several American and European uni-
versities, | managed to recruit Division Chairs (equivalent to deans), some

Figure 2: Main KAUST campus
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Figure 3: Fast facts about KAUST

Language of Instruction: English

Initially, KAUST will have 400 grad students; at maturity 2,000 (1000 master’s and 1000 Ph.D.
students)

Initially, KAUST will have ~ 100 faculty members, building to 250 at maturity
Full research community at KAUST will consist of 1,500 people (not including students)
At maturity, the KAUST community will have 20,000 residents

50 faculty, directors of multidisciplinary research centres, librarians, registrars,
admission officers, budget managers, etc.

We also developed degree programs, admission and graduation require-
ments, faculty and staff policies, and created offices to support student ser-
vices, arts programs, symposia and workshops, and many of the activities com-
monly enjoyed on academic campuses.

Throughout the recruiting process, many colleagues expressed concern and
scepticism about KAUST’s ability to attract accomplished faculty and highly
promising graduate students. The question often asked by many is: “How are
you able to convince highly successful professors to leave their well-estab-
lished, secure positions at prominent universities and move to a hitherto
unknown, unproven university, in a country that does not have the history or
tradition of academic research?”” KAUST’s attraction consisted of three
important ingredients:

e World-class research facilities, supported by a group of highly quali-
fied technicians and engineers. From one of the fastest supercomput-
ers in the world to the latest instrumentation for nanofabrication and
characterization, KAUST offers its faculty and graduate students
unparalleled capabilities.

¢ Ample funding to support research activities.

e Attractive compensation packages, including housing and other ben-
efits.

It is significant that in addition to recruiting a cadre of superb faculty and
staff, KAUST recruited some 400 graduate students, from 60 different coun-
tries, all on par, in terms of academic qualifications, with those attending
graduate programs at top U.S. and European universities.

Parallel Development

When executing a complex project, some of its tasks may be carried out in par-
allel, while others may require sequential programming. Because of the time
pressure — and the absence of academics in the early stages — KAUST could
not afford to obey the sequential programming logic. In 2007, several strategic
plans were developed to design KAUST’s academic infrastructure, but they
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were led by different teams with limited coordination between them. Stanford
Research Institute (SRI) was contracted to define the research directions that
KAUST should support (Figure 4), on the basis of both relevance to Saudi
Arabia and significance as a frontier area of science and technology. The
Washington Advisory Group contributed a plan that specified which aca-
demic disciplines and degree programs KAUST should offer, and how to
recruit faculty through partnerships with U.S. and European universities.
Independently, KAUST contracted with several academic and industrial
institutions to acquire designs and specifications for state-of-the-art experi-
mental facilities that can support MRI, nanofabrication, gene sequencing, and
similar types of instruments. Also, a teraflop supercomputer was procured from
IBM. In an ideal scenario, such disparate but interdependent strategic plans
and contractual arrangements would be fully integrated, necessitating exten-
sive coordination and multiple iterations. Unfortunately, that was not the
case, so one of the major challenges at KAUST was to figure out how to inte-
grate or realign the individual parts of the overall academic puzzle so that they
become compatible elements of a coherent whole.

EXPECTATIONS AND VULNERABILITIES

To its advantage, KAUST possesses two critical ingredients for success: finan-
cial resources and highly dedicated staff. I have no doubt that KAUST will
succeed in realizing its stated mission of becoming a world-class research uni-
versity in the not-so-distant future. How well it succeeds and how quickly it
realizes its mission will depend on a third, equally important, ingredient,
namely its academic leadership. KAUST has many supporters, within and
outside Saudi Arabia, but it also has its detractors. KAUST is viewed by a seg-
ment of Saudi society as a threat to accepted social norms. While KAUST will
not likely have to face the financial challenges that many universities around
the world are now facing, its Board of Trustees and academic leaders will be
constantly challenged by how to mediate the wide array of highly conflicting
perspectives held by its many stakeholders, from lifestyle and gender-related
issues to academic freedom and freedom of speech.



Chapter 11: KAUST: An International, Independent, Graduate Research University 183

Biosciences and
Bioengineering

Industrial biotechnology
Microbial bioremediation
Agricultural biotechnology
Sustainable aquaculture

Regional environmental bioscience
Red Sea marine environmental science

and engineering

Health science and technology

Materials Science
and Engineering

Applied Mathematics and
Computational Science

Polymers and membranes,
Nanomaterials

Carbon and bioprocessed nanomateria
Photovoltaic applications

Catalytic chemistry materials for
high-stress environments

Ressources, Energy and
Environment




184 Part III: National and Regional Innovation Strategies

REFERENCE

Articles of Governance. (2008). King Abdullah University of Science and Technol-
ogy, Thuwal, Saudi Arabia. pp. 1-2.



CHAPTER

Transforming an Economy
through Research and Innovation
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INTRODUCTION

n the race to diversify their economies beyond oil and gas predominance,

I several Middle East Countries are moving to develop “knowledge-based”

economies. Higher education, particularly in technical areas, and innova-

tion are seen as key to making that transition. New higher education institu-

tions are being built to implement this vision. In the United Arab Emirates,

the Khalifa University of Science, Technology and Research (KUSTAR) is a
primary example of these developments.

Building dynamic economies that are based on the creative application of
human knowledge is currently an aspiration of all developing countries. The
United Nations Development Program has conducted a number of studies of
the Arab world’s progress in developing the knowledge, skills and institutions
needed to compete in today’s global economy. Its 2003 report (UNDP, 2003)
presented a comprehensive picture of the “knowledge deficit”, and suggested
needed reforms. Since then, the 22 countries of the Arab world have worked
on reducing this deficit. A recent report (Lord, 2008) analysed what has been
achieved, what has failed, and what remains to be done. The 2008 report con-
cluded that Arab countries as a group have made significant progress when
measured against their own histories. Significant success has been achieved in
access to education, including new universities with global standards, and
Arab governments have begun investing more in research and development.

As part of this effort to reduce the “knowledge deficit”, the six Arab coun-
ties that form the Gulf Cooperation Council (GCC) have come to understand
that they must diversify their current oil-based economies, investing some of
today’s income flow in economic diversification. In particular, these countries

185
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are focusing on developing “knowledge-based economies” by developing
higher education programs that will provide the human capacity to initiate
and support such new economic thrusts.

In this paper, we briefly discuss the efforts of the emirate of Abu Dhabi in
transforming its economy into a “knowledge-based economy” and we use the
establishment of Khalifa University of Science, Technology and Research
(KUSTAR) as a case study for this effort.

ABU DHABI — TOWARDS A DIVERSE
KNOWLEDGE-DRIVEN ECONOMY

Vision and Plan for Economic Development

The government of Abu Dhabi, the largest of the seven emirates that com-
prise the United Arab Emirates, has established an aggressive plan for diversi-
fication of the currently heavily oil-based economy (Government of Abu
Dhabi, 2008). The vision for Abu Dhabi, currently being implemented,

includes:

® Premium education for human capacity building.
Research and development (R&D), leading to innovation.
e Commercialization of R&D results.

e Creation of a sustainable knowledge-based economy.

The plan for economic development of Abu Dhabi, aimed at implementa-
tion by the year 2030, has three major objectives:

Objective 1 — Reduce GDP volatility through diversification

Abu Dhabi will aim to reduce the volatility of overall economic and Gross
Domestic Product (GDP) growth through diversification. Diversifying away
from oil into other economic sectors will minimize the impact of oil price fluc-
tuations and other shocks, ensuring more stable and predictable economic
growth. In order to do this, Abu Dhabi will focus on capital-intensive, export-
oriented sectors where the Emirate can have or build a competitive advantage.

Objective 2 — Enlarge the enterprise base

It is important to enlarge the enterprise base, both through the continued
growth and expansion of large national champions, attraction of foreign direct
investment in leading edge technology sectors, and through the stimulation
of a more vibrant Small-Medium Enterprise (SME) sector. This will provide
more meaningful opportunities for U.A.E. nationals, encourage innovation in
higher value-added sectors, and mitigate the risk to the economy of shocks to
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larger enterprises. Coupled with the traditional support mechanisms — finan-
cial or technical — that could be offered to SMEs, it is expected that the revi-
sion of anti-trust laws, the removal of entry barriers into some economic sec-
tors, and encouraging market-based competition mechanisms will encourage
entrepreneurship and foster the SMEs sector growth.

Objective 3 — Enhance competitiveness

Abu Dhabi will enhance competitiveness and productivity. Not only will
steps in this regard bolster the entrepreneurial SME sector, but it will also gen-
erate significant economic growth in an underperforming segment of the
economy. By focusing on capital-intensive industries and internationally
traded services and optimizing the workforce in low-productivity areas, com-
panies will be able to make capital and labour work more efficiently, greatly
increasing the overall competitiveness of the economy.

To illustrate the current heavy reliance on oil and the need for diversifica-
tion, Figure 1 shows how enterprise contributions in Abu Dhabi compare with
those in other economies. The planned diversification of the Abu Dhabi
economy is set to reduce the dependence on oil GDP to 36% by 2030, as
shown in Figure 2.

Figure 1: Enterprise Contribution to GDP (Government of Abu Dhabi, 2009)

Abu Dhabi Contribution to GDP
by Enterprise Size
- In USD Million - (2005 Estimate)

Contribution to GDP by Enterprise Size
in Other Countries (*) - In % of Country GDP - (2005)

1 MSMEs B Large Entreprises | 3 MSMEs BH Large Entreprises GDP in 2005
(USB Billion)
31,650 77,851 Spain 64,7% 1,124.6
France 61,8% 2,126.6
Canada 57,2% 1,113.8
Japan 56,4% 4,534.0
51,4% 2,198.8
Netherlands 50,0% 624.2
N2 New Zealand 50,0% 109.3
23,5% USA 48,0% 12,416.5
8.1% Korea 45,9% 787.6
Oil Non-Oil  Total Germany 42,5% 2,794.9

Total GDP = 77,9 Billion USD Abu Dhabi 76,5% 77,9
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Figure 2: Target Abu Dhabi GDP (Government of Abu Dhabi, 2009)
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Strategic Initiatives

As already discussed, Abu Dhabi will build a sustainable and stable economy
through the diversification and broadening of its enterprise base across a range
of different sectors, and by taking steps to improve the competitiveness of the
local private sector.

Elements of implementation of this vision include the creation of new edu-
cational institutions, investment in and acquisition of companies that are
bringing diverse technological economic activities to Abu Dhabi, and the
development of research activities and support mechanisms.

For example, Mubadala (2009) has been created as a government-owned
company to develop new companies in Abu Dhabi. In operation for some six
years, its portfolio of investments is currently valued at some $15 billion.
Mubadala has, for example, purchased the chip manufacturing facilities of
AMD, and will be moving significant parts of that operation to Abu Dhabi as
part of the initiative of developing high-tech manufacturing in the U.A.E. It
also is making investments in aerospace research and development, and parts
manufacture, in association with the major expansion of U.A.E. airlines,
including Etihad and Emirates.

Another example is the development of Saadiyat Island as cultural center,
for both tourist attraction and local education purposes. The island will
include five major cultural institutions: a branch of the Louvre Museum; a
branch of the Guggenheim Museum; a National Museum named after the
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founder of the U.A.E., H.H. Sheikh Zayed Bin Sultan Al Nahyan; a Maritime
Museum; and a Performing Arts Center.

On the education front there are a number of strategic initiatives. New
York University (NYU)-Abu Dhabi is being established as a comprehensive
liberal arts and sciences campus in Abu Dhabi (NYU-AD, 2009). New York
University has long been committed to building its international presence,
and had increased study-abroad sites to places such as Singapore, Accra and
Buenos Aires. But the plan that has been developed for a comprehensive, res-
idential liberal-arts and sciences branch campus in the Arabian Gulf, set to
open in 2010, is in a class by itself. The NYU-Abu Dhabi project will see a
flow of professors and students between New York and Abu Dhabi, allowing
seamless transfers. The NYU-Abu Dhabi project meets several needs of the
U.S. university, and simultaneously addresses a major goal of Abu Dhabi, to
be identified as a hub of knowledge transmission and creation in the region,
as well as attending to the need to build human capacity in its citizens and its
significant expatriate population.

Another liberal arts branch campus has been established — the Paris-
Sorbonne University-Abu Dhabi (2009). This a French-speaking higher edu-
cation institution that aspires to attract not only the best students from the
U.A.E., but also the best students from all over the Middle East and the world.

The Masdar initiative, spawned by Mubadala, includes three major thrusts:
investments in alternative energy to initiate the follow-on to the petroleum
years as a major part of the U.A.E. economy; development of a $22-billion
demonstration city, Masdar City, which will be carbon neutral and be pow-
ered entirely by solar and wind energy; and establishment of the Masdar Insti-
tute of Science and Technology (2009), a graduate level specialty institution
focused on research and education in alternative energies. The MIST is offer-
ing master’s degree programs — and eventually doctoral programs — in engi-
neering and science disciplines. Current programs are Engineering Systems
and Management, Information Technology, Materials Science and Engineer-
ing, Mechanical Engineering, and Water and Environment. It is a research-
driven institute being developed with the support and cooperation of the Mas-
sachusetts Institute of Technology (MIT). The MIST will be located in Mas-
dar City.

In addition to higher education, Abu Dhabi government is also addressing
school education. The Abu Dhabi Education Council (2009) was established
in 2005 to develop education and educational institutions in the Emirate of
Abu Dhabi, implement innovative educational policies, plans and programs
that aim to improve education, and support educational institutions and staff
to achieve the objectives of national development in accordance with the
highest international standards.
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As part of the initiative to develop schools of the highest international stan-
dards, the Institute of Applied Technology (2009) was founded in 2005. The
IAT offers Career-Based Technical Education (CTE), in English language, at
the secondary school level. The IAT has five campuses located throughout the
U.AE

KUSTAR — A CASE STUDY

Overview

Almost all of the above higher educational initiatives are branch campuses of
well-known international institutions.

The U.A.E. has created three home-grown higher education institutions at
the Federal level: U.A.E. University (2009), Higher Colleges of Technology
(2009), and Zayed University (2009). The main aim of these federal-level insti-
tutions is to provide as many U.A.E. nationals as possible with higher education.

However, the Abu Dhabi government has identified the need for a home-
grown university that caters for the elite and that is focused on building the
high caliber human capital needed for the economic development of the emir-
ate as it evolves from an oil-based economy to a diverse knowledge-driven
economy. This need was addressed by the establishment of Khalifa University
of Science, Technology and Research (2009).

KUSTAR was established to address the full chain starting from undergrad-
uate education, to graduate education, to research and development, and even
to incubation and spin-off of companies.

In what follows we give a more detailed description of KUSTAR and its
plans to address the needs of Abu Dhabi government and the U.A.E.

History

KUSTAR has been built on the strong base of a predecessor institution, the
Etisalat University College (EUC). Established in 1989 in Sharjah, EUC has
offered engineering programs in the telecommunications area in three degree
tracks: Communications Engineering, Computer Engineering, and Electron-
ics Engineering. Having graduated some 500 engineers over the past two
decades, EUC has populated the technical and leadership ranks of the tele-
communications sector of the U.A.E. As the Sharjah campus of KUSTAR, it
currently enrols 350 students in its undergraduate and graduate programs.

KUSTAR was established by Royal Decree in 2007, and merged with EUC.

Vision and Mission

Vision: To be a leading international center of higher education and research
in technology and science.
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Mission: KUSTAR is an independent, non-profit, coeducational institu-
tion, dedicated to the advancement of learning through teaching and research
and to the discovery and application of knowledge. It pursues international
recognition as a world-class research university, with a strong tradition of
inter-disciplinary teaching and research and of partnering with leading uni-
versities around the world.

The University endeavours to serve the Emirate of Abu Dhabi, U.A.E.
society, the region and the world by providing an environment of creative
enquiry within which critical thinking, human values, technical competence
and practical and social skills, business acumen and a capability for lifetime
learning are cultivated and sustained. It sets itself high standards in providing
a caring, rewarding and enriching environment for all of its students and staff.
It ensures that its graduates, on entering the workplace, form a superlative
cadre of engineers, technologists and scientists, capable of making major con-
tributions to the current and future sectors of U.A.E. industry and society as
leaders and innovators.

The University insists on the highest world-class standards of academic
excellence in all that it does. It complements other universities in the region
by providing, in its chosen areas of activity, the best teaching and research
available in the region. It strives to meet demands for expansion while never
compromising on quality.

Governance

The senior governing bodies of KUSTAR are the Board of Trustees and the
Board of Governors. The prime responsibility of the Board of Trustees is the
formation of the higher policy of the University as well as any further duties
in accordance with the decree setting up the University. The Board of Gov-
ernors is the executive governing body, responsible for matters including the
finance and property of the University. It is specifically required to determine
the educational character, vision and mission of the University and to set its
general strategic direction.

The Chairman of the Board of Trustees is His Highness General Sheikh
Mohammed bin Zayed Al Nahyan, Crown Prince of Abu Dhabi and Deputy
Supreme Commander of the U.A.E. Armed Forces.

Academic Organization
KUSTAR is developing four colleges:

¢ Engineering.

e Management and Logistics.
e Health Sciences.

e Sciences.
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In addition it has an Institute of Homeland Security, and plans to develop
more such institutes.

The Sharjah Campus offers the following undergraduate and graduate
degree programs:

Bachelor in Communications Engineering.

Bachelor in Computer Engineering.

Bachelor Electronics Engineering.

MSc by Research (Communication, Computer, or Electronics Engi-
neering).

MSc in Information Security (planned start in Fall 2009).

e PhD in Engineering (planned start in Fall 2009).

The Abu Dhabi Campus admitted its first class of students to the founda-
tion year in Fall 2008. This class, plus additionally admitted direct entry stu-
dents, will inaugurate the following engineering programs in the Fall of 2009:

BSc Communications Engineering.
BSc Computer Engineering.

BSc Electronics Engineering.

BSc Aerospace Engineering.

BSc Mechanical Engineering.

BSc Software Engineering.

BSc Biomedical Engineering.

Additional programs will be introduced each successive year at the Abu
Dhabi Campus: Civil Engineering and a Post Baccalaureate Premedical Pro-
gram in 2010; Medical School and two additional engineering programs in
2011; and four new engineering and science programs each year from 2012
through 2015. The potential new programs to be developed include:

Electrical Engineering.
Avionics Engineering.
Manufacturing Engineering.
Materials Engineering.
Industrial Engineering.
Mechatronics Engineering.
Energy Engineering.
Environmental Engineering.
Construction Engineering.
Chemical Engineering.
Bioengineering.
Mathematics.

Physics.
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Chemistry.

Biology.

Logistics Management.
Supply Chain Management.
Crises Management.

Homeland Security.

Enrolment Projections

The Sharjah Campus, providing a center of excellence in telecommunica-
tions, is expected to grow from its current enrolment of 350 to approximately
450. It plans to move from male-only to coed, and to expand enrolments in its
masters and doctoral programs substantially.

The Abu Dhabi campus will have some 300 students enrolled in seven pro-
grams in the Fall of 2009, and will grow to some 3400 students by 2020, dis-
tributed as shown in Table 1 below.

Table 1: Enrolment Projections by the Year 2020

College Students by 2020
Engineering 1560
Medical 480
Management 480
Science 480
Post Graduate 400
Faculty

World-class faculty members are being recruited to provide challenging edu-
cation to the KUSTAR students, and to conduct leading edge research. In
keeping with standards at other world-class research-driven universities,
KUSTAR faculty members will spend approximately half of their time on
research. Teaching loads will be two to three courses per academic year. This
pattern will require some 500 faculty members by 2020.

Collaborations with top world universities are being developed to assist in
faculty recruitment, as well as in facilities development and research initiation.

Research and Development

KUSTAR is a research-driven university. This is emphasized by the explicit
inclusion of the word “research” in the name of the University. This is also
reflected in KUSTAR'’s vision and mission statements.
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The research goal of KUSTAR is to conduct globally competitive research.
The University pursues a research strategy that addresses the balance of basic
and applied research, emphasizes the value of collaborative and interdiscipli-
nary research, and takes into account the global and national trends and the
needs of government, industry, business and the community.

KUSTAR is recruiting faculty and research staff with a proven interna-
tional track-record of conducting and managing competitive research. Faculty
and researchers are provided with an environment conducive to research. Pol-
icies and procedures are designed to be flexible and supportive, teaching loads
are set to allow for research-active faculty to spend at least half-time on
research, and support services such as fund management, contracts, exploita-
tion of intellectual property rights, and knowledge transfer and enterprise, are
provided.

Research activities within KUSTAR colleges are organized into centers/
groups. These tend to be interdisciplinary and are fully supported to become
internationally recognized.

Both undergraduate and graduate students are involved in research and
independent study and are equipped with the capability to extend their under-
standing beyond what is covered in their curriculum.

KUSTAR is currently working on establishing links and partnerships with
world-class research universities, groups and laboratories to instigate relevant
joint research projects and exchange arrangements.

In addition, a Research & Development Center with state-of-the-art facil-
ities and resources is being developed with a range of key partners. The mis-
sion of this center is to promote the economic development and competitive-
ness of Abu Dhabi and the U.A.E. by fostering innovation, technology
transfer, and entrepreneurship. The R&D Center will identify and focus on
the development of science and technology clusters that are most relevant to
Abu Dhabi and the U.A.E.

One of the focus areas that has already been identified is the Information
and Communication Technologies (ICT) area. KUSTAR has successfully
formed a partnership with British Telecom (BT) and the Emirates Telecom-
munication Corporation (ETISALAT) to establish the Etisalat-BT Innova-
tion Center at KUSTAR. This will be the first industry-led center in the Mid-
dle-East concentrating on ICT next generation networks, systems and services.

Another area of focus that has been identified is Nanotechnology.
KUSTAR has formed an advisory panel from eminent nanotechnology and
nanoscience academics and experts. The panel is currently working on a pro-
posal for forming a world-class Nanotechnology and Nanoscience center at
KUSTAR.

High performance and parallel computing is also an important area of focus.
KUSTAR has recently signed an MoU with Intel to collaborate on this area.
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KUSTAR is also discussing the establishment of an Aerospace center with
Mubadala and other leading companies in this area of focus.

Other discussions are ongoing to attract well established R&D technology
institutions and companies. The R&D center will also incubate new innova-
tive technology start-ups.

The establishment of the R&D Center and its strong links with the aca-
demic colleges will have many benefits to KUSTAR. The center will build on
the strengths of KUSTAR’s research and graduate studies to support the rele-
vant clusters within the center. In return, the center will enhance, influence
and inform KUSTAR’s research and teaching by providing faculty and stu-
dents with opportunities to interact with potential users of the outcomes of
the research and potential employers of graduates. In addition, the center will
enhance the chances of faculty to attract research funding by providing them
with collaboration opportunities with government, industry and business.
The center will also provide faculty and students with access to its facilities
and its services for funds managements, project management, and knowledge
and intellectual property rights management. The center will also present stu-
dents and graduates with internship and employment opportunities.

All the research and development activities of KUSTAR will be supported
with an outreach program to foster greater understanding by the general pub-
lic of the benefits and applications of research.

Facilities

The Abu Dhabi operation of KUSTAR is currently comfortably housed in
new temporary facilities on Abu Dhabi Island. These facilities will be ade-
quate for two to three years, at which time the growth of enrolments and
research activity will require a move to a new, purpose-built campus. Land has
been designated for that campus, in the education sector of the new 2030
national capital development, near the Abu Dhabi airport.

The permanent campus is being designed to include the following state-of-
the-art facilities, including:

¢ Academic classroom and laboratory buildings for the engineering,
management and logistics, and science colleges.

Purpose-built Medical School building.

Research and Development laboratories building.

Administration Building.

Multi-purpose Buildings/Student Hub (Book Store, Coffee Shops/
Restaurants, Shops, Printing/copying services, Laundry, Library, Stu-
dent Union. Post Office, ATMs, etc.), Mosque, Sports/Recreation
Building and fields.

e Conference Center.
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e Museum of Technology.
e Student and Staff Accommodation.

e Car Park.

In addition to development of a physical campus, KUSTAR is leading the
formation of a major broadband computer network in the U.A.E. The Emir-
ates Advanced Network for Research and Education (ANKABUT) is a dedi-
cated advanced network connecting academic and research institutions at a
speed of 10 GB/S at the core and 1GB/s at the access level. It will initially con-
nect 28 sites at public colleges, universities and schools with one another and
to Internet? in the U.S. It facilitates research collaboration by providing
access to databases and supercomputers, and teaching collaboration through
rich multimedia content and high-definition video conferencing.

CONCLUSION

Countries throughout the GCC region, and beyond in the Arab world, are
striving to develop diverse economies which allow them to compete effec-
tively in today’s global economy. Much of the effort is appropriately directed
to education and associated activities which aim toward building “knowledge-
based” economies.

The Emirate of Abu Dhabi has embarked on a particularly enlightened and
aggressive program of economic development, aimed at transforming its cur-
rent oil-based economy to one based on knowledge and innovation. It is mak-
ing substantial investments in higher education, particularly in engineering
and science, to develop the human capacity to accomplish this transition.
KUSTAR will play a major role in Abu Dhabi’s journey towards a diverse
knowledge-based economy.
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CHAPTER

Research and Innovation
in Latin America

Juan Ramén de la Fuente !

ECONOMIC OVERVIEW

hile Latin America has achieved relative economic stability and
W growth over the past decade (37.7% for 1998-2008), as the global

financial struck the productive sectors of the economy through a
drop in demand from the industrialized countries, declining remittances from
abroad and falling commodities prices, in 2008 it grew 4.3%.

Latin America is a very diverse region. Some countries have entered the
crisis in a relatively favourable position, whereas others are suffering more
from the external shock. Whatever outcomes at country level, overall GDP
will decline this year.

In any case, despite prudent fiscal policies and reduction of macroeconomic
vulnerabilities in recent years, its economy has not been without problems.
Volatility, inflation and policy reversals in various countries explain, at least
to some extent, their unequal development.

From a global perspective, Latin America is not only not catching up; it is
falling relatively further behind. In 1996-2006 it grew 34.6%, lower than East
and North-East Asia (62.5%), South and South-West Asia (73.5%) and even
Africa (57.8%) (The World Bank, 2008).

In a highly competitive global environment that is increasingly driven by
knowledge and innovation, Latin America lags behind. This paper reviews
some of the reasons why, particularly those related to education as well as
R&D, and suggests some ideas for taking remedial action.

1 President, International Association of Universities. Former Rector of UNAM, Mexico.
Simén Bolivar Professor, University of Alcald, Spain.
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Twelve Latin American countries were selected, together with Spain and
Portugal (to be able to talk of Iberoamerica, when appropriate) as well as four
countries from other regions: Canada, Korea, Australia and the United King-
dom, for international comparisons to provide a context for framing some of
the analysed variables, and to follow the methodology from previous works

published in Spanish that used these countries for similar analyses (CINDA,
2007).

GROWTH AND INNOVATION

Jamil Salmi from the World Bank has suggested that the technological
change residual, often referred to as “the residual of our ignorance”, the
problem-solving “mystery variable” would explain why economies such as
Brazil, Chile or Mexico, when compared with the Republic of Korea’s,
which had roughly similar endowments of capital and labour 30 years ago,
subsequently grew at very different rates (Rodriguez, 2008). However, the
linkage between innovation indicators and economic performance is not all
that clear.

Innovation has typically been analysed as a determinant of productivity
growth, but not so much as a determinant of overall growth. Thecentral ques-
tion is what the effect of innovation on long-term development is. Classic
innovation-related variables refer to expenditures on research and develop-
ment, patents, foreign investment, technology licensing, etc., whereas labour
has been measured usually through education, skills and experience.

How is it that the equation composed by capital, labour and innovation
determines development?

Rapid-growth economies have invested heavily in research and develop-
ment — India, for example, relying more on publicly financed R&D, and
China relying more on acquiring technology developed elsewhere. By con-
trast, Latin America clearly has done neither, and the investment gaps caused
by these lags are important in explaining the relative differences in economic
growth and mid-class prosperity.

How does innovation improve productivity that leads to economic growth?
A variable defined as total factor productivity (TFP) which can be understood
as the factors beyond capital and labour that enable an economy to increase
production output, focuses on changes in productivity related to education,
training and technology, among others (Baier, 2006).

Compared with other regions, how does Latin America fare in the strength
of TFP? The most obvious comparison is with East Asia. Evidence has been
found that as much as half the growth in Korea or Taiwan, for example, was
due to TFP. And by making comparisons with Latin America, it has been sug-
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gested that TFP is a significant factor in the East Asian Tigers’ much-better
performance (Figure 1). Over the past 25 years, Latin America experienced
lower growth rates than them.

Figure 1: Growth and TFP S Latin America compared with orher regions
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Source: IDB, 2006.

While the lower growth in Latin America can be explained by several fac-
tors, the poor contribution of human capital seems to be a shackling of growth
potential in the region.

There is also evidence that having a more educated workforce leads to
higher growth. While recent research that focuses on quality rather than
quantity of education gives support to the complex and sometimes controver-
sial relationship between human capital and economic growth, population
with at least tertiary education in countries such as Mexico, Chile and Brazil
is significantly lower than in most OECD countries (Figure 2).

Higher education enrolment between 2000 and 2005 grew faster in Brazil
(12%), Venezuela, Chile and Colombia (6-8%) than in other countries. How-
ever if one looks at public expenditure in tertiary education, as well as R&D
expenditure as percentage of GDP, it is clearly less than that of other countries
that have achieved a higher Human Development Index as defined by UNDP
(Table 1). In fact, it reflects as well in the number of researchers by country,
patents granted and what has been described as global competitiveness mea-
sured by variables such as infrastructure and technological readiness (Fig-

ures 3-5).
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Figure 2: Population that has attained at least tertiary education (% by age group)
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Figure 5: Global Competitiveness: Technological Readiness
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TECHNOLOGY AND RESEARCH

Technology by itself provides no magic. Successful countries at the times of
“knowledge economy” are those that have proved able not only to produce
knowledge and use technology efficiently, but to have long-term public poli-
cies to strengthen higher education and research.

Productive workers have been defined as the “missing link” between inno-
vation and productivity since not just highly trained scientists and engineers
are needed for innovation. For this reason, Latin America is a region to be
called upon to innovate on how it educates approximately 100 million young
people (15-24 years old) who are enrolled in its school systems and will
demand further education in the next years (IESALC/UNESCO, 2008).

The formation of human capital at the primary, the secondary and tertiary
levels remains a central and critical issue in the region.

As previously mentioned, innovation is by no means limited to formal
R&D efforts. Knowledge creation also comes by constantly trying to improve
hands-on productivity. However, research is the first step in innovation. Dis-
coveries in basic knowledge are often first published in scientific and techni-
cal journals. It is therefore useful to compare Latin America’s output of scien-
tific journal articles with the outputs of other regions and countries (Figure 6).
Another long-term problem has been the lack of international visibility of
Latin American journals and the fact that relatively few scientists in the
region publish their results in higher impact journals (Figure 7).
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Figure 6
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Figure 7: International visibility of scientific journals by region of publication
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Patent-related culture is also limited and there is little experience in devel-
opment work required to convert discoveries into practical applications and
finding concrete marketable opportunities.

In summary, Latin America is behind the global technological frontier and
that is a reason why some believe that it can therefore obtain greater eco-
nomic benefit if using knowledge that already exists rather than trying to cre-
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ate new knowledge. But this assumption may be misleading. To create new
knowledge may have many indirect positives externalities in addition to the
direct economic benefits and, in any case, it is compatible with the notion
that it is also important to acquire and use new knowledge created elsewhere.

Innovate or abdicate seems to be the dilemma for less-advanced economies
that aspire to become part of knowledge-based growth dynamics. Thus, basic
research cannot be eluded if national innovation systems are to be developed

(Salmi, 2009).

UNIVERSITIES AND PRODUCTIVE PROCESS

Some Latin American universities are the main incubators of created knowl-
edge and thus, constitute the fundamental components of those incipient
national innovation systems. Government and university research labs are the
main actors of the process of creating knowledge in Latin America and
although productive enterprises are becoming an increasingly important seg-
ment and it is very desirable as they are the main appliers of new knowledge,
company spending on R&D remains largely insufficient (Table 2).

Table 2: Company spending on R&D*

Place Country Punctutation®*
1 Switzerland 6.0
2 Japan 5.8
3 E.U. 5.8

31 Brasil 39
39 Spain 3.7
53 Portugal 33
64 Chile 3.1
66 Colombia 3.1
71 Mexico 3.0
81 Argentina 2.9

* World Economic Forum, The Globla Competitiveness Report 2008-2009
## X 139 countries = 3.4

At the global level, multinational corporations typically drive the creation
and dissemination of applying knowledge, and it is now estimated that these
corporations carry out more than half of all global R&D.
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Functional links between universities and private firms are another issue
that contributes to explain large differences in growth and innovation
between Latin America and other regions. Some of the most productive and
best ranked universities, such as those in México (UNAM), Sao Paulo (USP)
and Buenos Aires (UBA), have both high research productivity and growing
links with industry.

Nevertheless a related issue, on which Latin America has also lagged
behind, has to do with the process and prospects for commercialization of
knowledge. Some purists still believe it is not a good idea to think about pat-
ents and commercialization, as basic research is conceptualized and under-
taken where the creation of new scientific and technical knowledge is
financed primarily trough public expenditure. However this perspective is no
longer the dominant viewpoint. University autonomy is not threatened but
strengthened by alliances with productive sectors, provided there are appro-
priate legal frameworks.

Public policies to promote mechanisms ranging from tax incentives to the
construction of science parks are very much needed, as is the creation of incu-
bators to encourage interactions between publicly funded scientists and the
private sector. This interaction benefits societies at large. Where scientists
lack experience or business acumen, instruments and policies are needed to
provide social benefits by translating ideas into valuable enterprises. That is
what knowledge economy is all about.

Publicly funded incubators can serve a wide range of roles, from matching
scientists with businessmen who can help develop business plans to helping
them to get permits, find employees, and obtain financing support for start-up
operations. Many other regions are doing precisely that, and it also explains
why they are steadily forging far ahead.

THE NEXT STEPS

In an innovation-driven global society, to become a major player, Latin
America has a long but not unachievable agenda to pursue.

Much dedication needs to be focused at enhancing basic and secondary
education, but also on advanced skills and tertiary education as well; and
clear, long term policies to create, transfer and acquire knowledge are very
much in need to develop better environments for both public and private sec-
tors spending on R&D.

Countries such as Argentina, Brazil, Chile, Costa Rica, México and Uru-
guay with strongest universities, higher scientific productivity and better
infrastructure must continue to lead the way and, despite economic recession,
investments in these critical issues must continue.
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Further finance and transfer policies to enhance collaboration with indus-
try and private companies are also in order.

Internationalization of higher education institutions must be actively pro-
moted, as is networking with other universities and research institutions.
High-quality joint degree programs in specific fields are promising strategies as
well.

In the end, national policies for such a diverse set of countries will be
needed, but general guidelines based on successful experiences elsewhere and
some of the concepts discussed hereby may be helpful.
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CHAPTER

The Research University
as Comprehensive Knowledge
Enterprise: A Prototype for
a New American University

Michael M. Crow

hile the Glion Colloquia have brought university leaders together
W to exchange perspectives on an array of critical issues confronting
higher education, perhaps none is more imperative to consider
than the role of the research university in an innovation-driven society.
Research universities are the primary source of the new knowledge and inno-
vation that drives the global economy and provides those of us in advanced
nations with the standard of living we have come to take for granted (Atkin-
son & Blanpied, 2008; Blakemore & Herrendorf, 2009). The intrinsic impetus
to advance innovation distinguishes the research university from other insti-
tutional forms in higher education. Indeed I seek to redefine the research uni-
versity as a comprehensive knowledge enterprise committed to discovery, creativity
and innovation. If we do not embrace what has been termed “perpetual inno-
vation” — and by this I mean innovation in products and processes and ideas,
as well as in the institutional design of knowledge enterprises themselves —
not only the outcomes of academic research but also our collective standard
of living will decline, and opportunities for the success of future generations
will be diminished (Atkinson, 2007; Crow, 2007a, 2008a; Kash, 1989;
McPherson et al., 2009).
Despite the critical niche that research universities occupy in the global
knowledge economy, however, institutions committed thus primarily to inno-
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vation restrict the potential of their contribution unless they explicitly
embrace a broader societal role. Innovation inevitably flourishes in a number
of organizational settings, such as corporate research and development labo-
ratories, but with their complex institutional missions spanning teaching,
research and public service, universities should feel compelled to construe
their research enterprises in a context of engagement and purpose. We mis-
takenly assume that the intellectual objectives of our institutions, especially
in terms of scientific and technological research, are automatically and inev-
itably aligned with our most important goals as a society. The challenge in this
context is therefore one of institutional design — about reinventing knowl-
edge-producing enterprises to create institutions that understand and respond
to their multiple constituencies and advance broader social and economic
outcomes (Kitcher, 2001; Sarewitz, 1996; Sarewitz & Pielke, 2007). If
research universities are to create knowledge that is as socially useful as it is
scientifically meritorious, in areas as broad and complex as social justice, pov-
erty alleviation, access to clean water, sustainable development and techno-
logical innovation, they must integrate their quest to advance discovery, cre-
ativity and innovation with an explicit mandate to assume responsibility for
the societies they serve (Bok, 1982; Duderstadt, 2000; Kerr, 2001; Kitcher,
2001; Rhodes, 2001).

But our academic culture is not outcome-driven and instead values knowl-
edge for its own sake. The proliferation of increasingly specialized knowledge
that universities produce brings diminishing returns on investment as its impact
on the world is measured in smaller and smaller ratios. But there is no reason
why universities must confine themselves solely to the analysis of increasingly
specialized knowledge. In our valorization of basic research, motivated solely by
curiosity rather than with any higher purpose in mind, we lose sight of the
potential for application when research is use-inspired (Kitcher, 2001). This is
not to posit a dichotomy between basic and applied research — both are crucial,
and in many cases the boundary between them is so permeable as to be mean-
ingless (Stokes, 1997). In our accustomed effort to produce abstract knowledge,
however, many research universities have lost sight of the fact that they possess
the capacity to advance desired outcomes or to create useful products and pro-
cesses and ideas with entrepreneurial potential (Geiger, 2004; Schramm, 2006).
Prestige will always attach to the pursuit of the unknown, but [ would argue that
we must reprioritize our practices and rethink our assumptions if we are not to
minimize the potential contributions of academic research.

Other manifestations of institutional responsibility might include a com-
mitment to the production in sufficient numbers of scientists and engineers
and artists and philosophers and economists and doctors and lawyers — in
short, the human capital from which we draw our future leaders in every sector
(Committee on Prospering in the Global Economy of the Twenty-First Cen-
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tury [U.S.], 2007). Our institutions would further also embrace ambitious and
multifaceted public outreach and engagement programs dedicated to societal
advancement and regional economic development.

With my formulation of the research university as a “comprehensive
knowledge enterprise”, I seek to underscore the potential inherent in the con-
cept of “enterprise”, through some strange elitist logic generally wholly lack-
ing in discussions about higher education. In this context I advocate the des-
ignation “academic enterprise”, representing an entrepreneurial academic
culture that inspires creativity and innovation — the intellectual capital that
is the primary asset of every college and university. Generally associated with
the private sector, the spirit of enterprise is critical to the advancement of
innovation (Schramm, 2006). My focus on enterprise is deliberate because
since becoming the president of Arizona State University in July 2002, [ have
been coordinating an effort to reconceptualize a large public university as a
competitive academic enterprise dedicated to leading the vanguard of inno-
vation while simultaneously addressing the grand challenges of our era (Crow,
2007b). At ASU we have undertaken the task of pioneering the foundational
mode] for what we term the “New American University” — an egalitarian
institution committed to the topmost echelons of academic excellence, inclu-
siveness to a broad demographic, and maximum societal impact (Crow, 2002;
“A New American University,” 2008).

In the following I consider the New American University model at length
and offer an account of the reconceptualization of Arizona State University,
initiated in 2002, as a case study in institutional innovation in higher educa-
tion. My objective is also to establish a context for subsequent discussion of the
fundamental design flaws in our knowledge enterprises. These intrinsic flaws
obstruct progress toward the integration of knowledge with action. In speaking
of research universities as knowledge enterprises, my objective is also to under-
score the potential for differentiation between institutions. Research-grade
universities are but one of a number of institutional types in American higher
education, but even institutions so categorized need not be cut from the same
cloth. As the lead architect in the design of a new class of large-scale multidis-
ciplinary and transdisciplinary institutions and organizations at the forefront of
education and research during the past two decades, both at Columbia Univer-
sity, where I most recently served as executive vice provost, and now in Ari-
zona, | recognize that while institutional design requires considerable invest-
ment of time and effort and is not without challenge because of inherent
sociocultural barriers, new designs offer new ways of shaping and examining
problems and advancing questions through cooperation between large num-
bers of groups, programs, and initiatives. It is the inherent and fraught com-
plexity of these various dimensions to the research university, as well as their
interaction and interplay, that is the context of this assessment and analysis.
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TOWARD INSTITUTIONAL INNOVATION
IN RESEARCH UNIVERSITIES

An objective analysis of our knowledge enterprises undertaken with sufficient
perspective — perhaps from the distance of the Oort Cloud, as suggested by
James Duderstadt (2005) — discloses a number of fundamental design flaws.
We face challenges of unimaginable complexity, but rather than learning to
understand and manage complexity in the academy, we perpetuate existing
organizational structures and restrict our focus with the entrenchment of dis-
ciplines and ever-greater impetus toward specialization. Our universities
remain static if not entirely ossified, disinclined to evolve in pace with real
time, and focused primarily on their advancement of abstract knowledge. The
organizational frameworks we call universities — this thousand-year-old insti-
tutional form — have not evolved significantly beyond the configurations
assumed in the late 19th century, nor have new designs come to the fore that
accommodate change on the scale we are witnessing or address the challenges
associated with the attendant increases in complexity. The problem of scale is
an important dimension to analysis and endeavour that has not been suffi-
ciently examined. [ believe we do not understand either the implications of
scale or how to shape questions at an appropriate scale in order to advance
society and our institutions.

In order to conceptualize a model for the institutional design of knowledge
enterprises, | extrapolate from a fundamental distinction explored by the poly-
math Herbert A. Simon in his 1969 book, The Sciences of the Artificial.
Through his exploration of the categories of the natural and the artificial,
Simon suggests the possibility for radical reconceptualization in our knowl-
edge enterprises. His analysis underscores the distinction between the natural
and artificial worlds, referring by the term “artificial” to objects and phenom-
ena — artifacts — that are man-made as opposed to natural. He terms knowl-
edge of such products and processes “artificial science” or the “sciences of
design”. While artificial science more broadly refers to our use of symbols —
the “artifacts” of written and spoken language — the most obvious “designers”
of artifacts are engineers. But his usage of the term is broad and everyone is a
designer who “devises courses of action aimed at changing existing situations
into preferred ones”. The natural sciences are concerned with how things are,
as he puts it, and the artificial sciences with how things ought to be. Artificial
science — or design science — determines the form of that which we build —
tools, farms or cities alike — but also our organizational and social structures
(Simon, 1969). For our purposes we enlist Simon’s concept to underscore the
potential for differentiation in the structure and organization of knowledge
enterprises. The redesign of an institution represents a process as focused and
deliberate and precise as the knowledge production of scientists, engineers,
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and other scholars. From a design perspective and with the objective of opti-
mal outcomes in mind, we may begin to assess the design flaws inherent in our
existing knowledge enterprises and posit new models for their improvement,
such as the New American University (Crow, 2008b).

The evolutionary trajectory of universities in the Western world can be
modeled as a process visualized along two axes. The x-axis represents the scale
of the institution, with scale meaning more than just size. Scale in this usage
refers to the breadth of functionality, which measures more than just the num-
ber of disciplines studied. If the institution is a comprehensive knowledge
enterprise such as the New American University, it will be committed to the
traditional missions of teaching, research and public service, but in addition
will advance innovation and entrepreneurship. Scale thus refers to both the
intellectual, or pedagogical, and functional breadth. The y-axis, meanwhile,
reflects the institution’s conception of itself as an evolving, entrepreneurial
entity. At the low end of the y-axis, we have what organizational theorists call
conserving institutions, those that are inwardly focused, risk-averse and con-
cerned primarily with self-preservation. At the upper end are entrepreneurial
institutions, those willing to adapt, innovate and take risks in rethinking their
identities and roles. On a chart the New American University would thus
appear in the curve in the upper-right quadrant reserved for leading-edge
institutions designed to accommodate innovation, rapid decision-making and
entrepreneurial behaviour (Crow, 2008a).

A CASE STUDY FOR THE NEW AMERICAN UNIVERSITY

With the implementation of the New American University model, beginning
in 2002, Arizona State University has often been characterized as a “case
study” in American higher education. Not only is ASU a new university, it is
competing in an arena dominated by some of the most well-established and
influential institutions in the world. Some institutions might perceive such
case study status as problematic, but for us the designation is not only appro-
priate but entirely welcome because through our reconceptualization we have
deliberately positioned ourselves as an experiment in higher education at
scale. Newsweek termed our reconceptualization “one of the most radical rede-
signs in higher learning since the modern research university took shape in
nineteenth-century Germany” (Theil, 2008). And according to an editorial
from the journal Nature, questions about the future of the contemporary
research university are being examined “nowhere more searchingly than at
Arizona State University” (26 April 2007). While the reinvention of the
American research university has generated recommendations found scat-
tered across the relevant specialized literature, the New American University
model we are advancing was generally shaped through trial and error and our
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efforts at the application of common sense, in some measure initially inspired
by the call for a “new university” articulated by Frank Rhodes (2001).

Differentiation through a process of design

The designation of Arizona State University as a case study in higher educa-
tion derives in part from the intensive and ongoing process of perpetual insti-
tutional self-assessment and reconceptualization that we often refer to as the
“design process”. As set forth in the white paper “One University in Many
Places: Transitional Design to Twenty-First Century Excellence” (2004), the
objective of the design process is to build a comprehensive metropolitan
research university that is an “unparalleled combination of academic excel-
lence and commitment to its social, economic, cultural, and environmental
setting”. An interrelated formulation that we have developed is the expres-
sion of our intent to build an institution “committed to the topmost echelons
of academic excellence, inclusiveness to a broad demographic, and maximum
societal impact”, with the associated tagline “Excellence, Access, Impact.”

Guided by a number of working drafts of comprehensive strategic plans to
guide the development of the institution, we deem ourselves in the midst of a
decade of unprecedented reorganization and decisive maturation (2002-
2012), expanding and intensifying the capacity of the university for teaching
and discovery in all disciplines while addressing the challenges of burgeoning
enrolment with a distributed model. The evolving strategic plan centers on
four basic university goals, all of which are interdependent but critical to
achieving a set of eight “design aspirations”, considered in the following sec-
tion. The goal of “access and quality for all” recognizes our responsibility to
provide opportunities in higher education to all qualified citizens of the State
of Arizona without impacting the highest levels of quality. A second goal is
the establishment of “national standing for colleges and schools in every
field”. “Becoming a national comprehensive university by 2012” will build
regional competitiveness and national and global distinction to the state and
region. The fourth goal recognizes the university’s responsibility towards the
region it serves, and focuses on “enhancing our local impact and social embed-
dedness”.

‘Design aspirations’ for a New American University

There are many ways to parse the concept of the New American University,
but, in brief, its objectives are inherent in the following “design aspirations”
that, reduced to their essential terms, enjoin academic communities to: (1)
embrace the cultural, socioeconomic and physical setting of their institutions;
(2) become a force for societal transformation; (3) pursue a culture of aca-
demic enterprise and knowledge entrepreneurship; (4) conduct use-inspired
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research; (5) focus on the individual in a milieu of intellectual and cultural
diversity; (6) transcend disciplinary limitations in pursuit of intellectual
fusion; (7) socially embed the university, thereby advancing social enterprise
development through direct engagement; and (8) advance global engage-
ment. Taken together, these tenets comprise a new paradigm for academic
institutions, both public and private, that I advocate without reservation
(Crow, 2002).

The design aspirations should be considered guiding principles rather than
hard-and-fast imperatives — the complex academic operations of a research
university do not correspond neatly to a single design aspiration but generally
embrace many. And not all design aspirations could possibly be relevant to
any given student or scholar or team of researchers. For example, the unique
challenges associated with the location of the university and the demograph-
ics of metropolitan Phoenix and the American Southwest engage a majority
of the design aspirations, especially the recommendations that we leverage our
place; transform society; enable student success; and advance social embed-
dedness. Similarly, the design aspiration to value entrepreneurship refers to
academic enterprise as the creative expression of intellectual capital and
knowledge-centric change. Perhaps the most obvious dimension of academic
enterprise is the process of innovation from the research laboratory to the
marketplace, but our conception transcends the commercialization of univer-
sity research (Slate & Crow, 2007). At ASU we consider entrepreneurship
the process of innovation and spirit of creative risk-taking through which the
knowledge and ideas within the university are brought to scale to spur social
development and economic competitiveness. ASU is committed to embed-
ding the paradigm of entrepreneurship into the fabric of our institutional cul-
ture through a supportive infrastructure of resources to inspire students, fac-
ulty and staff, and provide them with the necessary skills to turn their ideas
into reality (Crow, 2008¢).

A federation of schools (the ‘school-centric’ model)

In its present form Arizona State University is the youngest of the roughly 100
major research institutions in the United States, both public and private, and,
with an enrolment approaching 70,000 undergraduate, graduate and profes-
sional students, the largest American university governed by a single admin-
istration. To promote access to excellence despite the challenges of burgeon-
ing enrolment we have adopted a distributed model, operating from four
differentiated campuses of equally high aspiration, with each campus repre-
senting a planned clustering of related but academically distinct colleges and
schools. We term this empowerment of colleges and schools “school-
centrism”. Predicated on devolving intellectual and entrepreneurial responsi-
bility to the level of the college or school, the model calls for each school to
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compete for status, not with other schools within the university, but with peer
schools around the country and around the world. Schools are encouraged to
grow and prosper to the extent of their individual intellectual and market lim-
its (“One University in Many Places,” 2004).

The reconceptualized “school-centric” organization has produced a federa-
tion of unique interdisciplinary colleges and schools that, together with
departments and research institutes and centers, comprise close-knit but
diverse academic communities that are international in scope. Consistent
with this school-centric model we have conceptualized and launched 22 new
interdisciplinary schools, including the School of Human Evolution and
Social Change, and the School of Earth and Space Exploration. Although we
are first and foremost committed to educating the students of Arizona, we are
equally a cutting-edge discovery organization, dedicated to contributing to
regional economic development through enhanced research and academic
programs, including major interdisciplinary research initiatives such as the
Biodesign Institute, focused on innovation in healthcare, energy and the
environment, and national security; the Global Institute of Sustainability
(GIOS), incorporating the world’s first School of Sustainability; and the Cen-
ter for the Study of Religion and Conflict. In the process we have eliminated
a number of traditional academic departments, including biology, sociology,
anthropology and geology (Capaldi, 2009). We consider such academic enti-
ties arbitrary constructs that may once have served certain social or adminis-
trative purposes but are no longer useful as we prepare to tackle global chal-
lenges (Committee on Facilitating Interdisciplinary Research [U.S.], 2005).

Unprecedented demographic challenges
to higher education in Arizona

Situated in the heart of an emerging megapolitan area that stretches from the
Prescott region southward to the border with Mexico, ASU is the sole com-
prehensive university in a metropolitan region of four million projected to
increase to eight million — a metropolitan region the size of Chicago. Demo-
graphic projections suggest that this emerging megapolitan — the so-called
Sun Corridor — will become one of perhaps 20 significant economic, techno-
logical and cultural agglomerations in the United States (Crow, 2008d; Gam-
mage et al., 2008; Lang, Muro & Sarzynski, 2008). Yet the higher education
infrastructure of Arizona remains under-built and undifferentiated. In other
metropolitan regions, responsibility for higher education is shared by a num-
ber of institutions. Major research universities in the metropolitan Los Ange-
les region, for example, include UCLA, USC, and Caltech, with UC Santa
Barbara, UC Irvine, UC Riverside, and UC San Diego within close proximity.
A host of other institutions — public (several California State University
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campuses) and private (Occidental College and the prestigious Claremont
Colleges and Claremont Graduate University) — complement these research
universities.

Because we wish to move beyond the conventional model of the research
university as preoccupied with the discovery of new knowledge to the exclu-
sion of concern with the social outcomes of its research, we actively seek to
imbue metropolitan Phoenix with the quality-of-life and quality-of-place
characteristics that attract the intellectual capital and competitive advantage
that accompanies the influx of “knowledge workers” (Kotkin & DeVol, 2001)
and the “creative class” (Florida, 2002). If the university does not envision
and guide such outcomes, we face the prospect of the sort of decline witnessed
in such cities as Cleveland and Detroit, both of which have not been able to
adapt to changing economic circumstances rapidly enough. The university
models of the past are similarly as stagnant and irrelevant as the most dated
and discarded concepts of urban planning. If our universities remain hide-
bound and regard change and evolution as recourses of last resort, then we can
dismiss the adaptive capability of this important mechanism of capital cre-
ation and societal advancement.

Access to excellence: Towards egalitarian admissions practices

While the direct correlation between educational attainment and standard-
of-living and quality-of-life indicators has been widely documented (Morten-
son, 1999), leading institutions of higher education have almost without
exception during the course of the past half-century become increasingly
exclusive — that is to say, they have chosen to define their excellence through
admissions practices of exclusion. It is generally taken for granted that there
are two types of universities: the small cadre of elite institutions that focus on
academic excellence and discovery, and the majority of less selective schools
that offer access yet often provide no more than a rudimentary level of higher
education. Institutions that focus on academic excellence generally admit
only a fraction of applicants, many of whom come from privileged socioeco-
nomic backgrounds and have enjoyed undeniable advantages. All other stu-
dents are expected to attend less competitive schools. In terms of societal out-
comes, this implicit calculation is not only shortsighted, but may in the long
run prove to be a fatal error. There is growing social and economic stratifica-
tion between those with access to a quality higher education and those denied
the opportunity. More and more students who would most benefit from access
to this most obvious avenue of upward mobility — those whom we might cat-
egorize as “disadvantaged” or “underrepresented” — are denied access for lack
of means or choose not to pursue for lack of understanding a high-quality uni-
versity education (Bowen, Kurzweil & Tobin, 2006; Douglass, 2007; Haskins,
2008; Haskins, Holzer & Lerman, 2009).
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If we continue to exclude a high proportion of the population from reach-
ing their potential by excessive and sometimes arbitrary “culling”, we deprive
countless individuals of opportunities to attain prosperity. We need to make
more of an effort to understand how to educate greater numbers of individuals
successfully, but we must also educate students to be successful. This economic
dimension is intrinsic to the societal mission of colleges and universities. Indi-
viduals deprived of higher education through lack of funds represent not only
personal opportunity lost, but also the loss of societal economic prosperity.
Individuals deprived of college educations will likely earn lower wages and
generate fewer jobs than they would have as graduates (Hill, Hoffman & Rex,
2005). A recent report on high school graduation rates in the 50 largest U.S.
cities underscores the urgency of the problem: according to the study, 17 of
the nation’s 50 largest cities had graduation rates lower than 50% (Swanson,
2009).

We believe that many public universities in the United States, particularly
research-grade institutions, have abandoned core elements of their public
mission and in some sense morphed into hybrid or semi-privatized institutions
that operate on a narrow bandwidth of engagement. We reject the notion that
excellence and access cannot be integrated within a single institution, and
alone among American research universities have sought to redefine the
notion of egalitarian admissions standards by offering access to as many stu-
dents as are qualified to attend. Our approach has been to expand the capacity
of the institution to meet enrolment demand and provide expanded educa-
tional opportunities to the many gifted and creative students who do not con-
form to a standard academic profile, as well as offering access to students who
demonstrate every potential to succeed but lack the financial means to pursue
a quality four-year undergraduate education.

When President Barack Obama spoke at our 2009 commencement exer-
cises, he was especially excited about our newly established program to ensure
that resident undergraduates from families with annual incomes below
$60,000 admitted as incoming freshmen would be able to graduate with bac-
calaureate degrees debt free. We estimate that for fall semester 2009, the Pres-
ident Barack Obama Scholars program will allow approximately 1,600 fresh-
men an opportunity to attain their educational objectives. The program
epitomizes our pledge to Arizona that no qualified student will face a financial
barrier to attend ASU and underscores the success of the longstanding efforts
that have led to record levels of diversity in our student body. While the fresh-
man class has increased in size by 42% since 2002, for example, enrolment of
students of colour has increased by 100%, and the number of students enrolled
from families below the poverty line has risen by roughly 500%. Our success
in offering access regardless of financial need is easily one of the most signifi-
cant achievements in the history of the institution.
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Indicators of success in the reconceptualization process

An overview of the indicators of success in our experiment in institutional
innovation may be justified. As evidence of our new stature and prominence,
we note that during the past six years our research enterprise more than dou-
bled its expenditures, surpassing the $300 million level for the first time in FY
2009. ASU is one of only a handful of institutions without both an agricultural
and medical school to have surpassed the $200 million level in funding, with
institutional peers in this category including Caltech, MIT and Princeton.
According to the National Science Foundation, ASU now ranks among the
top 20 leading research universities in the nation without a medical school,
and for the third year ASU has been ranked as one of the top 100 universities
globally in the international assessment of the Institute of Higher Education,
Shanghai Jiao Tong University, placing 93rd in their 2008 “Academic Rank-
ing of World Universities”. To provide some perspective on the momentum of
the trajectory, ASU conducted no funded research whatsoever in 1980.

A short list of accomplishments during the past six years would also include
the following: We have increased enrolment by more than 9,000 net new stu-
dents and added 500 new faculty members. We have attained record gradua-
tion and retention rates and all academic indicators similarly track record
quality. We now enrol more freshman National Merit Scholars than almost
any public university in the nation. More members of the National Academies
have joined our faculty during the past six years than have served on the fac-
ulty during the past five decades. More than 50 new interdisciplinary research
centers and institutes have been established. Seven million square feet of new
academic space has been added, including one million square feet of world-
class research infrastructure. We have developed a master plan to guide the
build-out of our campuses and restructured the institution by clustering our
colleges and schools by their academic focus on four campuses distributed
across the Valley.

For ASU self-determination as the foundational model for the New Ameri-
can University has meant embracing fundamental change: we have confronted
the complexities associated with advancing robust institutional innovation at
scale. We took the bold step of asking ourselves how we might best combine
excellence with access while through a focus on regional challenges seeking
solutions to the problems that confront global society. While all public
research universities must be inherently committed to teaching and discovery,
there is no reason why each cannot advance unique and differentiated research
and learning environments that address the needs of their particular region. In
our case this reconceptualized vision calls for inclusivity rather than exclusiv-
ity, an emphasis on outcomes rather than inputs, and an attempt to recover the
egalitarian tenets of the true public university once envisioned in our society.
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TOWARD MORE DIFFERENTIATED
AND RESPONSIBLE INSTITUTIONS

In the rapidly changing and highly competitive global knowledge economy,
the importance of higher education both to the individual and the collective
has never been greater. Education is the means by which a skilled workforce
is produced and the source of new knowledge capital and thus economic
growth and advances in society, for the benefit of both the individual and the
collective. Even as the wage gap between those with education and skills and
those without continues to widen, more and more knowledge inputs are
increasingly required to perform almost any job. The economic success of indi-
viduals contributes to the success of a society — in fact, it is the main driver
(Hill, Hoffman & Rex, 2005). Without it, the United States and nations of
Western Europe may face a reduction in our quality of life in the next gener-
ation, something unheard of in the past. In order for any nation to remain
competitive, it is imperative that its universities prepare students to learn rap-
idly, and make them capable of integrating a broad range of disciplines in a
rapidly changing world. But we must recognize that the institutional models
we inherited from the 19th century will not instil in our graduates the drive
and innovation required to meet the challenges of tomorrow. Nor do these
institutions necessarily have the capacity to mount responses commensurate
with the scale and complexity of the challenges that confront us as well as
those yet to come in ensuing decades.

To anyone who has looked at the role of innovation as a driver of economic
development during the past half-century, the most obvious mechanism to
enhance the long-term economic competitiveness of any nation is through
investment in research universities. Research universities educate students in
a milieu that advances discovery and innovation while contributing to the
development of a highly skilled workforce and the diversification of the econ-
omy. Yet across the globe our educational infrastructure remains dangerously
under-built and undifferentiated. In the United States as elsewhere, we need
new institutions, new designs and new models for higher education. Our col-
leges and universities remain little changed from the mid-20th century and
are unable to accommodate projected enrolment demands at scale. America’s
colleges and universities require greater and not less diversification. While our
nation urgently needs more research-intensive and research-active institu-
tions, both public and private, it also needs more liberal arts colleges, four-year
regional colleges, community colleges and technical institutes. The challenge,
as I have argued, is about institutional design, about designing knowledge-
producing enterprises that understand and respond to their constituents as
well as the needs of global humanity.
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CHAPTER

The German Excellence
Initiative: Changes, Challenges
and Chances for German
Research Universities

Bernd Huber

INTRODUCTION

or more than 200 years, the German university system has followed the
F ideas of Wilhelm von Humboldt — the unity of research and teaching, the
freedom of teaching being the most important of Humboldt’s principles.
These ideas have been followed until today, even though the external conditions
that universities have to cope with have changed dramatically. On the one hand,
the rising number of students asking for an academic education has led to the
modern mass university; on the other hand, universities have to deal with numer-
ous economic constraints. Above all, the public expects universities, as a motor of
innovation and wealth, to provide answers for the most urgent questions and
problems facing mankind (Hinderer, 2007; Boulton & Lucas, 2008). In spite of
these different demands, the egalitarian tradition of the German university system
has been continued until today, based on the conviction that all universities are
basically similar and that a student or professor finds equal opportunities and con-
ditions, no matter at which university he or she studies or works. This assumption
has been put to a test in recent years with the so-called Excellence Initiative of
the German Federal Government. Now, only three years after this program was
launched, huge changes can be observed in the scientific landscape.
In this paper, I would like to highlight how the German university system
is being challenged and changed through the Excellence Initiative. Further-
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more, | will outline the general role of research at universities, and how it is
affected by the Excellence Initiative. I will raise various issues that I think are
important and could serve as a basis for further discussion.

THE EXCELLENCE INITIATIVE IN GERMANY

In 2006, an immense innovation movement began in Germany’s university
landscape. Initiated by the Federal Government and supported by the state
governments, a program was set up providing 1.9 billion Euros to support top-
level research at German universities. The program consists of three funding
lines: Graduate Schools to promote young researchers and train outstanding
doctoral students; Clusters of Excellence to establish internationally visible,
competitive research and training facilities; and Institutional Strategies to
develop top-level university research in Germany and to increase its compet-
itiveness on an international level (Deutsche Forschungsgemeinschaft, 2009).
With the Excellence Initiative, universities were asked to form outstanding
research clusters and to develop institutional strategies preparing universities
for global competition among research institutions. For the first time in Ger-
man scientific history, a competition had been initiated not only on research
contents, but also on the strategies of universities for building the proper
framework and surroundings to facilitate and foster excellent research and
attract the best researchers in the world. As this caused considerable move-
ment within the German university landscape and received great attention
abroad, the German government recently decided to continue the program for
another five years until 2017, with increased funding of 2.7 billion Euros (Ver-
waltungsvereinbarung zwischen Bund und Lindern, 2009).

Motives behind the Excellence Initiative

Various reasons led to the launch of this new program. The initial idea was
developed under the former federal minister for research, Edelgard Bulmahn,
who developed the idea of boosting selected universities in Germany to
enable them to compete with world-class universities like Harvard, Oxford or
Stanford. At that point, this idea was rather new and was welcomed by the sci-
entific community that had demanded long before a substantial increase in
research funding and a commitment to promoting top-level research in some
excellent universities in Germany (Bundesministerium fiir Bildung und Fors-

chung, 2005; Schultz, 2007).
Under-investment in research in Germany

The first reason for developing this program was and still is the severe under-
investment in research in Germany and Europe in general. The following figures
show clearly that in terms of percentage of the GDP dedicated to research, Europe
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is far behind the U.S. and, even more so, Japan. The 27 E.U. countries spend an
average of 1.8% of their GDP (Germany: 2.5%) on research and development,
while the U.S. invests 2.7% and Japan 3.2% (Eurostat, 2008). This under-invest-
ment in R&D concerns both the private and the public sector. To some extent,
the situation in the private sector is even more serious. In Europe, roughly just half
(50%) of the total R&D spending occurs in the private sector, while the respec-
tive figure for the U.S. is 61%, and for Japan as high as 75% (Eurostat, 2008).

What is particularly worrying is the fact that the gap between the U.S. and
Europe may widen over the years to come. In the recent stimulus package of
the new U.S. government, almost US$78 billion will be spent on education,
training and research (http://www.recovery.gov, 2009). In comparison, the
German government decided to invest the sum of 18 billion Euros in the next
ten years for universities and research institutions, 2.7 billion Euros thereof for
the continuation of the Excellence Initiative (Verwaltungsvereinbarung zwis-
chen Bund und Lindern, 2009). Although this is the biggest sum ever
invested in R&D in Germany since World War II, the important conclusion
is that we still need more money for research both in Germany and in Europe.
This is a key message, and European universities should state it as clearly as
possible at every single occasion. It must be clear that we have to spend more
on research — not repeating the mistake of subsidizing ailing industries — if
we want to stay competitive relative to other countries, and emerge from the
current crisis as innovation leaders of the future.

Strengthening research at universities

With the Excellence Initiative, research at universities was significantly
strengthened and moved to the centre of public attention. What is important
in political and strategic terms is that the Excellence Initiative explicitly
focuses on research at universities. This is notable because Germany has a
strong tradition of non-university research institutions like the Max Planck
institutes or the Helmholtz and Leibniz association. With the decision to pro-
mote research at universities, the government gave a clear statement of sup-
port to universities and their role in research.

One could easily imagine a situation where a large part of research is con-
ducted and concentrated outside universities. Similarly, the original idea
behind the foundation of a European Institute of Innovation and Technology
(EIT) was to build a completely new research unit outside universities, at the
European level (Communication from the Commission to the European
Council, 2006; LERU, 2005, 2006).

So the question is: is there a comparative advantage of universities relative
to other research institutions? In my opinion, the answer is a strong yes. And
I will underline this with two main reasons. Firstly, universities are the only
institutions that are able to cover the trans-disciplinary nature of many
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themes in research. For example, life expectancy in European countries dra-
matically varies in different groups of the population. In some major European
or American cities, you will move from areas with a life expectancy as low as
55 years to areas where life expectancy is close to 80 years (Fogarty Interna-
tional Center, 2008). This fact raises many medical, sociological and eco-
nomic issues which can be dealt with by the interaction of various researchers
at universities. But how to tackle this kind of interdisciplinary research out-
side universities is a difficult question. Looking at the outcome of the first
round of the Excellence Initiative, we can undoubtedly state that most of the
successful Excellence Clusters in Research are of a clearly trans-disciplinary
nature. They involve different faculties of one university, and also integrate
neighbouring research institutions and research departments of private com-
panies, thus providing an ideal environment for innovative research.

The second reason why research should be undertaken at universities lies
in the education and training of new researchers. Each new generation of
researchers learns analytical rigour and the ability to study complex issues by
doing research. In this sense, research at universities is a necessary condition,
a prerequisite for any society active in research, even if a larger part of it might
be concentrated outside universities.

This gives universities a unique role in the process of research, and I think
that we as universities too often forget to explain and promote the particular
strength of our institutions and the benefits we provide to society (Boulton &

Lucas, 2008).

Competition

A brand-new component of the Excellence Initiative was the fact that funds
were granted on a competitive base. This was an entirely new element since it
introduced the idea of competition between universities to the German univer-
sity system; the German system and the majority of the university systems in
other European countries have a strong egalitarian tradition with the basic idea
that, at least in theory, each university offers the same level of quality in research
and teaching. According to this tradition, it should not matter to a student to
which university he or she is admitted. Similarly, professors would find equal
conditions for their work, no matter which university they conduct their research
at. The Excellence Initiative showed that this scenario was not a realistic one.
What had been common knowledge for all stake-holders, though never admitted
in public, had now been openly revealed: There are better and worse universities;
there are universities that conduct top research in some areas, but are only aver-
age in others; and there are universities that do not play a crucial role in research
at all, but have an important part in regional development and teaching. By tak-
ing up the challenge of competition, it became obvious that the different roles of
universities had to be acknowledged and taken into account (Hinderer, 2007).
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Changes originated by the Excellence Initiative

By explaining the main motives behind this competition, I have already
hinted at some major changes that were brought about by the Excellence Ini-
tiative. Nevertheless, I want to stress three major fields where huge changes
in recent years can be illustrated.

Reputation

Although the total funds granted in the Excellence Initiative are not particu-
larly high, the whole program has had a considerable echo abroad. Before the
Excellence Initiative, the German science system had to some extent fallen
off the map. With the start of the program, Germany’s visibility on the science
landscape has been considerably strengthened. What is more, not only the
German system as a whole, but particularly successful universities have
noticed a huge gain in reputation. The German program and its outcomes
have been widely debated in the national and international, general and spe-
cial-interest press, giving it good credit and praising it as an example of inno-
vative science policy. The results of this international attention can be seen
in the many requests for information and cooperation which — above all —
the nine so-called “Excellence Universities” could register. On the other
hand, these universities had far fewer problems in gaining access to and start-
ing new forms of cooperation with the world’s most renowned universities,
success in the Excellence Initiative serving as a door-opener for them.

Strengthening of the research base

As I stated above, the total amount of funding was relatively modest in interna-
tional terms, but it brought about nevertheless a significant strengthening of the
research base, as the sum was divided up between a few winning universities.
With this concentration of funds, these institutions experienced a considerable
increase of their individual budgets, allowing them to set up new internal pro-
grams for research funding and for the promotion of young researchers. But it
also allowed them to dedicate a certain share of the money as seed funds for
high-risk research endeavours that — under normal circumstances — would
have had no chance of being funded, but that nevertheless sometimes turn out
to open up whole new fields of research. It is quite a new experience for German
universities to be provided with the possibility of opening up new fields of
research rather than cutting some of them back or struggling to maintain them.

Competition and Differentiation

The Excellence Initiative introduced a competitive element into the German
research funding system: Universities had to decide whether or not to take part
in the competition, and if they decided to do so, they had to prepare for it.
Therefore, the Excellence Initiative kicked off a previously unknown move-
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ment in the university system. Universities started to sharpen their profiles,
strategic plans were set up and huge efforts made to increase research perfor-
mance. For the first time in years, extra money was invested in the system —
and not to be cut off at another end, but to be invested in research excellence,
new structures and new positions. It added considerable dynamics to the Ger-
man university landscape. Certainly, there are winners and universities that
benefited only marginally or not at all from the Excellence Initiative. But it is
by far more important that there was at last movement in one or other direc-
tion. Universities had to rethink their own role and where they wanted to stand
in the future. These simple questions alone have led to a repositioning and to
immense changes nobody would have previously thought possible in Germany.

Looking at the issue of differentiation from a European perspective, one just
has to bear in mind that there are roughly 1,000 universities in Europe which
define themselves as research-oriented institutions. Thus, Europe has a broad
base in terms of research capacities. But, despite this broad research base, one
key weakness of the European university system is that the number of truly
world-class research institutions is not sufficient. We all know the limitations
of rankings. But, if one considers the well-known (though debatable) “Aca-
demic Ranking of World Universities” conducted by the Jiao Tong University
Shanghai, it turns out that only ten European universities are among the top
50 universities. From these ten universities, five are from the U.K. where things
are slightly different from on the continent (Shanghai Jiao Tong University,
2008). Thus, despite its huge economic and scientific potential, the European
continent possesses only a very small number of world-class universities.

This is not a particularly popular conclusion, but Europe has to improve in
this respect. What we need is a careful differentiation of the European univer-
sity system through increasing competition between universities by, for exam-
ple, competitive research funding. In the longer run, we will then probably
move to a system where a limited number of universities are truly internation-
ally competitive, a large group of universities have a couple of departments
with high performance, and a certain group of universities have a strong
emphasis on teaching — comparable to the development that has been initi-
ated by the Excellence Initiative in Germany. Nevertheless, many stakehold-
ers in research and politics in Germany, after becoming aware of the possibly
increasing differentiation of the university system due to the Excellence Ini-
tiative, have begun a discussion on whether this is the right path to follow.
This proves that the Excellence Initiative represents a true philosophical
shift, a reorientation in policy by introducing competition and, as a conse-
quence, differentiation into the German university system.

Knowing that this process of differentiation is a difficult one, I think that
we have to move into this direction if Europe really wants to make full use of
its scientific potential.
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CHALLENGES FOR THE FUTURE

Before pointing out some of the challenges German “excellence universities”
have to face resulting directly from the Excellence Initiative, I would like to
turn the issue more generally towards the overall design of research policy.

Research policy and open innovation

Universities depend on public funding and public support, and thus have to
respond to the demands of the public. As an economist, I would say that uni-
versities have to serve the political market. Over recent years, governments,
the general public and the business community have increasingly taken what
you may positively call a utilitarian view of universities. In terms of research at
universities, this means that universities are seen as institutions which should
deliver innovation that can be used to develop new products or improve exist-
ing ones. This view is not wrong, but it contains several shortcuts. First, it
entirely ignores the role of the arts and humanities and the social sciences.
Innovation and new ideas generated from these fields need not necessarily
result in new products, but can nevertheless have a direct impact on society.

The second flaw is that this view entirely ignores the nature of research pro-
cesses at universities: The primary motive behind most research projects is not
to find an idea for a new product, but to analyse a scientific issue, to under-
stand certain phenomena and to find answers to scientific questions (Boulton
& Lucas, 2008). The great challenges the world community is facing, like pov-
erty and climate change, will only be resolved if scientists from every field do
research on these issues. Only together, the sciences, the arts and humanities
and social sciences can contribute to the cause. It is the universities’ legiti-
macy to take care of these issues — and they need proper funding for it.

In other words, thinking in terms of the direct economic impact leads to a dis-
torted view of the process of research at universities and the motives of research-
ers. It would be extremely helpful if a broader perspective could be established
in the political and public debate. Therefore, I am strongly in favour of the idea
of “open innovation” which is currently under discussion in European research
policy. Originally, this means that no university and no company can claim or
be sure to have contracted all experts in one research field. Therefore, it is
important to combine internal and external ideas, as well as internal and exter-
nal experts, to advance the development of new technologies or, in the case of
universities, of new research findings. The structure of the innovation processes
is changing from a “closed” innovation model, in which research and develop-
ment are tackled completely within organizations, to an “open model” in which
ideas are generated and sought from different sources (Chesbrough, 2003).
European universities have a common interest that this concept becomes a key
part in the overall formulation of the European research policy.
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But to establish the right atmosphere for this idea of “open innovation”,
universities need to set the right frame with incentives and challenges
directed to the researchers. The Excellence Initiative is one key element in
this framework of incentives and challenges, rewarding new and daring ideas
and approaches in research that have been set up by a team of researchers
inside and outside universities.

‘Arms race’ and political interference

Nevertheless, German universities also have to cope with some problems aris-
ing out of this new scenario of competition. One of them that has developed,
especially after having digested the first results of the Excellence Initiative, is
the “arms race” that some of the German federal states are now putting into
practice. Not having been among the winners in the first place, some state
governments have started to put great efforts into preparing some chosen uni-
versities for the second program in order for them to come out successfully.
With a maximum of 12 universities probably being admitted as Excellence
Universities and with nine existing ones, a fierce competition until 2012 will
begin in order to remain with or gain the status of an Excellence University
and receive the additional funds.

Tensions between and within universities

Another problem caused by moving away from the egalitarian system is the
rising tension across and within universities. The institutions that will not be
rewarded with the label “Excellence University” — and that will be the
majority — need to develop perspectives and strategies in regard to their self-
conception. As described above, each university has to find its place in a dif-
ferentiated science landscape and this will not happen without severe friction
and tension. Similarly, universities that have gained a share of the funds in
one of the three funding lines have to cope with severe tensions between the
fields of research within the universities. There are some departments that
have gained considerable extra funding, enabling them to attract excellent
researchers, bringing about new excellence, whereas there are others that
have to cope with severe budget constraints and struggle to maintain a certain
level of quality. These disparities being all against the egalitarian scenario
described above, universities need to develop strategies to foster excellent
research without creating tensions that will harm the institution as a whole.

The role of teaching and education at universities

Another important question that has to be handled is the role of teaching and
education at universities, having to deal with the political and public demands
to considerably increase the number of students at universities. The Excel-
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lence Initiative has been developed to promote excellent research and, actu-
ally, there is little benefit for students. This creates an issue in terms of legiti-
macy and perception. The label “Excellence Universities” has attracted a
great number of students, especially in the fields that have been rewarded
Clusters of Excellence and Graduate Schools, without providing special treat-
ment for them. Apart from being taught by renowned scholars who often only
have to give reduced hours of lectures, there are, in principle, very few advan-
tages for students. Therefore, it is very important for universities to emphasize
their educational role in the future. If the above mentioned reasons why
research should be conducted in universities are taken seriously, then we have
to make sure that talented students who will be the researchers of the future
find excellent conditions at our universities.

CONCLUSION

In the past five years, the German universities have seen three major changes
that have shaped their future prospects significantly. With the so-called Bolo-
gna process, Germany and the other member countries of the European Union
introduced Bachelor and Master degrees, with the goal to enhance transpar-
ency and mobility in the science system, even if it will take some time to reach
this goal. Furthermore, the critically discussed initiation of a tuition fee
changes not only the budget of universities, but also the way students plan
their studies.

But the major change is the Excellence Initiative, bringing about a much
needed reform process that leads to differentiation and thus an innovative
university landscape. This process, which started three years ago, has not yet
ended. Even universities that did not participate in the first round are now
realizing that — in order to secure their future — they should at least take a
stand and decide in which league they want to play. The Excellence Initiative
has moved the role of universities and their quality to the centre of discussion.

Therefore, all stakeholders and key players of research should promote that
increasing research and university budgets is one of the key elements to ini-
tiate and carry forward innovations. It is now that funds have to be invested
if the European countries want to take a leading role in innovation and
progress at the outcome of the global economic crisis, with a well-trained
workforce being allocated to future industries and markets, and with the best
scientists conducting research in their universities.

For the continuation of the Excellence Initiative, it is crucial that the bud-
get will be raised — as announced — from 1.9 billion Euros to 2.7 billion
Euros, as the funding of new projects and strategies, as well as the continua-
tion of already existing ones, will have to be decided in 2012 (Verwaltungsv-
ereinbarung zwischen Bund und Lindern, 2009). In order to give excellent
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projects a fair chance to be financed, universities need a considerable increase
in funding.

Chances are good that at least a few German universities enter the league
of the world’s top universities if the ideas behind the Excellence Initiative are
continued and if the German science system will admit and finally be able to
break with the egalitarian tradition.

REFERENCES AND FURTHER READING:

Boulton, Geoffrey & Lucas, Colin. (2008). What are Universities for? Leuven: LERU.

Bundesministerium fiir Bildung und Forschung. (2005). Exzellenzinitiative und Pakt fiir
Forschung und Innovation starten. (Online). Berlin: Pressemitteilung 147/2005.
Available at: http://www.bmbf.de/press/1505.php. (Accessed 9 September 2009).

Chesbrough, Henry W. (2003). Open Innovation: The New Imperative for Creating
and Profiting from Technology. Boston: Harvard Business School Press.

Communication from the Commission to the European Council. (2006). Implementing
the renewed partnership for growth and jobs. Developing a knowledge flagship: the Euro-
pean Institute of Technology. (COM [2006] 77 final). Brussels: Commission of the
European Communities. Available at: http://eur-lex.europa.eu/LexUriServ/Lex-
UriServ.do?uri=COM:2006:0077:FIN:EN:PDF. (Accessed 9 September 2009).

Deutsche Forschungsgemeinschaft DFG. (2009). Available at: http://www.dfg.de.
(Accessed 9 September 2009).

Eurostat. (2008). Key Figures on Europe 2007/2008. Available at: http://epp.euro-
stat.ec.europa.eu/portal/page/portal/eurostat/home/. (Accessed 10 August 2009).

Fogarty International Center. (2008). Marmot assails health disparities. Global Health
Matters, (Online). 7 (6), p. 7. Available at: http://www.fic.nih.gov/news/publica-
tions/global_health_matters/ghmnov-dec2008.pdf. ~ (Accessed 9 September
2009).

Hinderer, Walter. (2007). Die deutsche Exzellenzinitiative und die amerikanische Eli-
teuniversitit. liberal Verlag Berlin.

LERU. (2005). Competitiveness, research and the concept of a European Institute of
Technology. Opinion. Leuven: LERU.

LERU. (2006). Purpose, structures and function of a European Institute of Technol-
ogy. Commentary. Leuven: LERU.

Schultz, Tanjev. (2007). Der lange Weg zur Forderung. Siiddeutsche Zeitung,
16 October 2007. Available at: http://www.sueddeutsche.de/jobkarriere/817/
421579/text/. (Accessed 9 September 2009).

Shanghai Jiao Tong University. (2008). Academic Ranking of World Universities.
(Online). Available at: http://www.arwu.org/rank2008/EN2008.htm (Accessed
9 September 2009).

Verwaltungsvereinbarung zwischen Bund und Lindern — Exzellenzvereinbarung II —
24. (June 2009). (Online). Available at: http://www.gwk-bonn.de. (Accessed
10 August 2009).



CHAPTER

New University Paradigms
for Technological Innovation

James J. Duderstadt

n today’s global, knowledge-driven economy, leadership in innovation is

essential to a nation’s prosperity and security. In particular, technological

innovation — the transformation of new knowledge into products, pro-
cesses and services of value to society — is critical to economic competitive-
ness, national security and an improved quality of life. The United States has
long benefited from a fertile environment for innovation, such as a diverse
population continually renewed through immigration, democratic values that
encourage individual initiative, and free market practices that drive the ongo-
ing process of creative destruction (a la Schumpeter). But history has shown
that public investment is necessary to produce the key ingredients for techno-
logical innovation including: new knowledge (research and development),
human capital (education, particularly at the advanced level), infrastructure
(physical and now cyber) and supportive policies (tax, intellectual property)
(Augustine, 2005).

Although the flow of knowledge from scientific discovery through develop-
ment and technological innovation, commercialization and deployment was
once thought of as a linear, vertical process, it is now viewed as far more com-
plex, both vertical and horizontal, and involving many interacting disciplines
and participants. As Nam Suh has suggested in his paper for this Glion Col-
loquium (Suh, Chapter 19), for innovation to occur, there cannot be any
missing steps or elements in the continuum of necessary activities.

Traditionally, one thinks of the appropriate activities for each of the key
factors in the innovation continuum — namely, government, industry and
universities — in terms such as basic research, applied research, development,
commercialization and deployment. For example, basic research activities,
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usually speculative, long term and driven by scientific curiosity, are usually
viewed as the proper role of research universities, while use-driven basic
research, applied research and development are more commonly roles for gov-
ernment or industrial laboratories. Commercialization and deployment are
similarly viewed most appropriate for industry (both established and entrepre-
neurial).

Yet, there are other types of research important to the innovation contin-
uum. In his theory of scientific revolution, Thomas Kuhn suggested that major
progress was achieved not through gradual evolution of conventional disci-
plinary research, but rather through revolutionary, unpredictable transforma-
tions after the intellectual content of a field reaches saturation (Kuhn, 1963).
The U.S. National Science Foundation refers to such activities as transforma-
tive research, “research driven by ideas that stand a reasonable success of radi-
cally changing our understanding of an important existing concept or leading
to the creation of a new paradigm or field of science. Such research is also
characterized by its challenge to current understanding or its pathway to new
frontiers” (National Science Board, 2007). While it might be assumed that
such transformative research would most commonly occur in research univer-
sities, ironically the peer pressure of merit review in both grant competition
and faculty promotion can discourage such high-risk intellectual activities. In
fact, transformative research occurs just as frequently in some industrial
research laboratories (e.g., Bell Laboratories in the past and Google Research
today) where unusually creative investigators are freed from the burdens of
grant seeking or commercial deadlines. It also occurs in a small number of
unique government agencies such as the Defense Advanced Research Project
Agency (and hopefully in its spinoffs of ARPA-E and IARPA), where path-
breaking research is shielded from the pressures of grant competition and
application deadlines.

At the other end of the innovation continuum is translational research,
aimed at building the knowledge base necessary to link fundamental scientific
discoveries with the technological innovation necessary for the development
of new products, processes and services. While translational research is both
basic and applied in nature, it is driven by intended application and commer-
cial (or social) priorities rather than scientific curiosity. Such translational
research is a common feature of the biomedical industry, moving “from bench
to bedside” or from laboratory experiments through clinical trials to actual
point-of-care patient applications. While it is also a necessary component of
the innovation continuum in other areas, particularly in corporate and federal
R&D (with Bell Laboratories and the U.S. Department of Energy Laborato-
ries as prominent examples), it has generally not been identified as a specific
activity of research universities.
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DISCOVERY-INNOVATION INSTITUTES

Over the past several years, there has been an increasing recognition that U.S.
leadership in innovation will require commitments and investments of
resources by the private sector, federal and state governments, and colleges
and universities. In 2005, the U.S. National Academies issued a series of
reports suggesting that a bold, transformative initiative, similar in character
and scope to initiatives undertaken in response to other difficult challenges
(e.g., the Land Grant Acts, the G.I. Bill, and the post-WW!II government-
university research partnerships) will be necessary for the United States to
maintain its leadership in technological innovation (Augustine, 2005). The
United States will have to reshape its research, education and practices to
respond to challenges in global markets, national security, energy sustainabil-
ity and public health. The changes envisioned were not only technological,
but also cultural; they would affect the structure of organizations and relation-
ships between institutional sectors of the country.

To this end, it was the recommendation of the U.S. National Academy of
Engineering that a major federal initiative be launched to create translational
research centers aimed at building the knowledge base necessary for techno-
logical innovation in areas of major national priority (Duderstadt, 2005).
These centers, referred to as discovery-innovation institutes, would be estab-
lished on the campuses of research universities to link fundamental scientific
discoveries with technological innovations to create products, processes and
services to meet the needs of society. With the participation of many scientific
disciplines and professions, as well as various economic sectors (industry, gov-
ernment, states and institutions of higher education), discovery-innovation
institutes would be similar in character and scale to academic medical centers
and agricultural experiment stations that combine research, education and
professional practice, and drive transformative change. As experience with
academic medical centers and other large research initiatives has shown, dis-
covery-innovation institutes would have the potential to stimulate significant
regional economic activity, such as the location nearby of clusters of start-up
firms, private research organizations, suppliers and other complementary
groups and businesses.

More specifically, discovery-innovation institutes would be characterized
by partnership, interdisciplinary research, education and outreach:

Partnership: The federal government would provide core support for the dis-
covery-innovation institutes on a long-term basis (perhaps a decade or more,
with possible renewal). States would be required to contribute to the institutes
(perhaps by providing capital facilities). Industry would provide challenging
research problems, systems knowledge and real-life market knowledge, as well
as staff who would work with university faculty and students in the institutes.
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Industry would also fund student internships and provide direct financial sup-
port for facilities and equipment (or share its facilities and equipment). Uni-
versities would commit to providing a policy framework (e.g., transparent and
efficient intellectual property policies, flexible faculty appointments, respon-
sible financial management, etc.), educational opportunities (e.g., integrated
curricula, multifaceted student interaction), knowledge and technology trans-
fer (e.g., publications, industrial outreach), and additional investments (e.g.,
in physical facilities and cyberinfrastructure). Finally, the venture capital and
investment community would contribute expertise in licensing, spin-off com-
panies and other avenues of commercialization.

Interdisciplinary Research: Although most discovery-innovation institutes
would involve engineering schools (just as the agricultural experiment sta-
tions involve schools of agriculture), they would require strong links with
other academic programs that generate fundamental new knowledge through
basic research (e.g., physical sciences, life sciences, and social sciences), as
well as other disciplines critical to the innovation process (e.g., business, med-
icine and other professional disciplines). These campus-based institutes would
also attract the participation (and possibly financial support) of established
innovators and entrepreneurs.

Education: Universities hosting discovery-innovation institutes would be
stimulated to restructure their organizations, research activities and educa-
tional programs. Changes would reflect the interdisciplinary team approaches
for research that can convert new knowledge into innovative products, pro-
cesses, services and systems and, at the same time, provide graduates with the
skills necessary for innovation. Discovery-innovation institutes would provide
a mechanism for developing and implementing innovative curricula and
teaching methods.

Outreach: Just as the success of the agricultural experiment stations estab-
lished by the U.S. Land Grant Acts depended on their ability to disseminate
new technologies and methodologies to the farming community through the
cooperative extension service, a key factor in the success of discovery-innova-
tion institutes would be their ability to facilitate implementation of their dis-
coveries in the user community. Extensive outreach efforts based on existing
industry and manufacturing extension programs at universities would be an
essential complement to the research and educational activities of the insti-
tutes. Outreach should also include programs for K-12 students and teachers
that would build enthusiasm for the innovation process and generate interest
in math and science.

Research Priorities: The National Academy report envisioned a very wide
range of discovery-innovation institutes, depending on the capacity and
regional characteristics of a university or consortium and on national priorities.
Some institutes would enter into partnerships directly with particular federal
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agencies or national laboratories to address fairly specific technical challenges,
but most would address broad national priorities that would require relation-
ships with several federal agencies. Awards would be made based on (1) pro-
grams that favour fundamental research driven by innovation in a focused area;
(2) strong industry commitment; (3) multidisciplinary participation; and (4)
national need. Periodic reviews would ensure that the institutes remain pro-
ductive and continue to progress on both short- and long-term deliverables.

Funding: To ensure that the discovery-innovation institutes lead to transfor-
mative change, they would be funded at a level commensurate with past federal
initiatives and current investments in other areas of research, such as biomed-
icine and manned spaceflight. Federal funding would ultimately increase to
several billion dollars per year distributed throughout the university research
and education enterprise, with states, industry, foundations and universities
investing comparable amounts in these research centers. To transform the
technological innovation capacity of the United States, the discovery-innova-
tion institutes would be implemented on a national scale and backed by a
strong commitment to excellence by all participants. Most of all, they would
become engines of innovation that would transform institutions, policies and
cultures, and enable our nation to solve critical problems and maintain its lead-
ership in the global, knowledge-driven society of the 21st century.

A CASE STUDY: ENERGY RESEARCH

Sustainability and security challenges plague the world’s energy production
and delivery system. The global economy currently relies on fossil fuels for
nearly 85% of its energy. By 2030, global energy use is projected to grow by
50% over 2010 levels. At the same time, recent analyses of world petroleum
production, known reserves, and the impact of rapidly developing economies
suggest that an increasing imbalance between supply and demand will drive
up global oil and gas prices, placing a nation’s economy and security at risk.
While the world has substantial reserves of other fossil-fuel resources, such as
coal, tar sands and oil shale, the mining, processing and burning of these fossil
fuels with current technologies are expensive and characterized by increas-
ingly unacceptable environmental impact in light of climate change concerns
and intensive land and water utilization (IPCC, 2008; Friedman, 2008).

Today’s energy challenges stem from an unsustainable energy infrastruc-
ture, largely dependent on fossil fuels characterized by unacceptable environ-
mental impact and supply constraints, with clear implications for a nation’s
economic, public health and national security. Addressing these challenges
will require substantial investments in clean and efficient energy technology,
much of which has yet to be developed, making innovation the centerpiece of
successful energy policy (Lewis, 2007).
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Transformative innovation will be required to address fundamental energy
challenges. As Presidential Science Advisor John Holdren warns, the multiplic-
ity of challenges at the intersection of energy with the economy, the environ-
ment and national security — led by excessive dependence on petroleum and
the dangerous consequences of energy’s environmental impact, particularly glo-
bal climate change — requires a major acceleration of energy-technology inno-
vation that, over time, can reduce the limitations of existing energy options,
bring new options to fruition and reduce the tensions among energy-policy
objectives and enable faster progress on the most critical ones (Holdren, 2006).

Near term impact can be achieved from adopting existing technologies and
practices that improve the efficiency of energy utilization, bringing fuel sav-
ings and creating new jobs. Yet, large and sustained efficiency investments in
existing technologies will not be enough to achieve global sustainability goals.
New technologies and practices are needed to mitigate the harmful impact
and resource constraints of existing energy sources. Of longer term importance
is the deployment of affordable, carbon-free renewable energy technologies,
which will require energy storage technologies and an expanded electricity
grid. With today’s renewable technologies, a substantial gap remains in
achieving the scale and cost structures necessary for major impact.

Here, innovation is needed not only through greatly increasing R&D in
energy technologies but to demonstrate these on a commercial scale and
deploy them rapidly into the marketplace. Yet, over the past two decades,
energy research in the United States has actually been sharply curtailed by the
federal government (75% decrease), the electrical utility industry (50%
decrease), and the domestic automobile industry (50% decrease). The energy
industry has the lowest level of R&D investment (relative to revenues) of any
industrial sector. In 2009, federal investment in energy R&D amounted to less
than $3 billion, compared to the federal R&D effort characterizing other
national priorities such as health care ($30 B/y) and defense ($80 B/y) (Kam-
men, 2005; Friedman, 2008).

Furthermore, today’s United States energy research program does not have
the mission, capacity or the organizational structure to equip the nation to
meet the full span of its challenges. It continues to be primarily conducted by
national labs that are not only fragmented and insulated from the market-
place, but fail to tap the considerable resources of the nation’s industry and
research universities (Vest, 2003). Major innovation in research paradigms,
policy and management will be necessary to bring about the needed pace of
energy-technology innovation (Holdren, 2006):

e To provide the scale, continuity and coordination of effort in energy
R&D and demonstration needed to bring an appropriate portfolio of
improved options to be commercialized in a timely way.
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e To tap the nation’s top scientific and engineering talent and facilities,
which are currently distributed throughout the nation’s research uni-
versities, corporate R&D centers and federal laboratories.

¢ To address adequately the unusually broad spectrum of issues involved
in building a sustainable energy infrastructure, including, in addition
to science and technology, attention to complex social, economic,
legal, political, behavioral, consumer and market issues.

e To build strong partnerships among multiple players — federal agen-
cies, research universities, established industry, entrepreneurs and
investors, and federal, state and local government.

® And to launch robust efforts capable of producing the human capital
and public understanding required by the emerging energy sector at
all education levels.

In view of these market and governance challenges, it is clear that the
search for breakthrough technologies and practices should be placed at the
center of energy research efforts. This will require a far more comprehensive
and interactive engagement of the entire national research enterprise:
research universities, corporate R&D laboratories and federal laboratories.

To address these challenges, a recent report by the Brookings Institution
made two important recommendations (Duderstadt, 2009):

The United States should first commit itself to increasing federal invest-
ments in energy R&D to a level appropriate to address the dangerous and com-
plex economic, environmental and national security challenges presented by
the nation’s currently unsustainable energy infrastructure. Comparisons with
federal R&D investments addressing other national priorities such as public
health, national defense and space exploration suggest an investment in federal
energy R&D, an order of magnitude greater than current levels, growing to per-
haps $20 to $30 billion per year, with most of this flowing to existing research
players and programs (e.g., national laboratories and industry).

A significant fraction of this increase should be directed toward a new
research paradigm consisting of a national network of regionally-based energy
discovery-innovation institutes (e-Dlls) that serve as hubs in a distributed
research network linked through spokes to concentrations of the nation’s best
scientists, engineers and facilities.

Recall that the discovery-innovation institute concept is characterized by
institutional partnerships, interdisciplinary research, technology commercial-
ization, education and outreach. In this sense, the e-DII paradigm would place
a very high priority on connection and collaboration rather than competition
to achieve deeper engagement of the nation’s scientific, technology, business
and policy resources in an effort to achieve a sustainable energy infrastructure
for America.
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As envisioned here, therefore, the proposed e-DIIs would do the following:

Organize around a theme, such as renewable energy technologies, advanced
petroleum extraction, carbon sequestration, biofuels, transportation energy,
carbon-free electrical power generation and distribution, or energy efficiency.
Each e-DII would be charged with addressing the economic, policy, business,
and social challenges required to diffuse innovative energy technologies of
their theme area into society successfully. This mission would require each
e-DII to take a systems-approach to technology development and help to tran-
scend the current “siloed” approach common at DOE and its national labs.

Foster partnerships to pursue cutting-edge, applications-oriented research
among multiple participants, including government agencies (federal, state
and local), research universities, industry, entrepreneurs and investors. The
e-DlIs would encourage a new research culture based on the nonlinear flow of
knowledge and activity among scientific discovery, technological innovation,
entrepreneurial business development and economic, legal, social, and politi-
cal imperatives. In a sense, e-Dlls would create an “R&D commons” where
strong, symbiotic partnerships could be created and sustained among partners
with different missions and cultures. Building a sustainable energy infrastruc-
ture depends as much on socioeconomic, political and policy issues as upon
science and technology. The e-DIls would encompass disciplines such as the
social and behavioral sciences, business administration, law and environmen-
tal and public policy, in addition to science and engineering.

Act as the hubs of a distributed network, linking together as spokes, the basic
research programs of campus-based, industry-based and federal laboratory-
based scientists and engineers, research centers and facilities, to exploit the
fundamental character of discovery-innovation institutes to couple funda-
mental scientific research and discovery with translational research, technol-
ogy development and commercial deployment. But the hub-and-spoke net-
work architecture would go further by enabling the basic research group
spokes to interact and collaborate among themselves (through exchanges of
participants, regularly scheduled meetings and cyberinfrastructure). Just as the
rim of a bicycle wheel greatly strengthens its hub-and-spoke structure, the
direct interaction of the basic research groups (the spokes) would greatly facil-
itate collaboration and research progress, creating a basic energy research
community greater than the sum of its individual parts and with sufficient
flexibility, synergy and robustness to enable the participation of leading scien-
tists and engineers to address the unusual complexity of the nation’s energy
challenges.

Develop an effective strategy for energy technology development, commercializa-
tion and deployment, working closely with industry, entrepreneurs and the
investment community. For example, this might draw on the experience of
major medical centers (the commercialization of translational research
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through business startups), agricultural and industrial extension programs,
federal initiatives for regional economic development or entirely new para-
digms for technology transfer.

Build the knowledge base, human capital, and public awareness necessary to
address the nation’s energy challenges. The e-Dlls are envisioned as the foci for
long-term, applications-driven research aimed at building the knowledge base
necessary to address the nation’s highest priorities. Working together with
industry and government, the e-DIls would also lead to the development of
educational programs and distributed educational networks that could pro-
duce new knowledge for innovation and educate not only the scientists, engi-
neers, innovators and entrepreneurs of the future, but learners of all ages,
about the challenge and excitement of changing the U.S. energy paradigm.
Thus, the e-DIls would have a fundamental educational mission of public edu-
cation through the involvement of their scientists and engineers in sharing
best educational practices and developing new educational programs in col-
laboration with K-12 schools, community colleges, regional universities and
workplace training that lead to significantly increased public engagement.

Develop and rapidly transfer highly innowvative technologies into the marketplace.
The treatment of intellectual property is critical to the rapid and efficient
transfer of energy technologies to the marketplace. The e-DIls should provide
a safe zone where intellectual property issues could be worked out in advance.
Technology transfer within e-Dlls should be structured to maximize the intro-
duction and positive societal impact of e-DII technologies, learning from suc-
cessful industry-university partnerships (e.g., BP and the Universities of Cali-
fornia and Illinois).

Encourage regional economic development. With the participation of many
scientific disciplines and professions as well as various economic sectors,
e-DIlIs are similar in character and scale to academic medical centers and agri-
cultural experiment stations that combine research, education and profes-
sional practice and drive transformative change. This organizational form has
been successful at generating jobs and stimulating regional economic activity,
by the nearby location of clusters of start-up firms, private research organiza-
tions, suppliers and other complementary groups and businesses. The e-Dlls
should have an explicit mission to focus, at least in part, on the unique energy
needs and opportunities characterizing their home regions, to ensure that new
technologies would respond to local challenges and thus could be rapidly
deployed.

Expand the scope of possible energy activities. The partnership character of the
e-DlI, involving a consortium of universities, national laboratories, industry,
investors, state and federal government, coupled with its regional focus, would
give it the capacity to launch projects that are beyond the capability of a
national laboratory or industry consortium alone.
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To achieve a critical mass of activities, our report recommended the cre-
ation over the next several years of a national network of several dozen energy
discovery-innovation institutes distributed competitively among the nation’s
research universities and federal laboratories:

e University-based e-Dlls: Those e-DIls located adjacent to research
university campuses would be managed by either individual universi-
ties or university consortia, with strong involvement of partnering
institutions such as industry, entrepreneurs and investors, state and
local government, and participating federal agencies. While most uni-
versity-based e-DlIs would focus both on research addressing national
energy priorities and regional economic development from new
energy-based industries, there would also be the possibility of distrib-
uted or virtual e-Dlls (so-called “collaboratives”) that would link
together institutions on regional or national bases. As mentioned ear-
lier, each e-DII would also act as a hub linking together investigators
engaged in basic or applied energy research in other organizations.

e Federal laboratory-based e-Dlls: There should be a parallel network of
e-DlIs associated with federal laboratories. To enable the paradigm shifts
represented by the discovery-innovation institute concept, these e-DlIls
would be stood up “outside the fence” to minimize laboratory constraints
of security, administration and overhead and driven by the bottom-up
interests of laboratory scientists. Like university-based e-Dlls, their
objectives would be the conduct of application-driven translational
research necessary to couple the extraordinary resources represented by
the scientific capability of the national laboratories with the technology
innovation, development and entrepreneurial efforts necessary for the
commercial deployment of innovative energy technologies in the com-
mercial marketplace. A given national laboratory might create several
e-DlIs of varying size and focus that reflect both capability and opportu-
nities. There might also be the possibility of e-Dlls jointed, created and
managed by national laboratories and research universities.

e Satellite energy research centers: The large e-Dlls managed by research
university consortia or national laboratories would anchor “hub-and-
spoke” sub-networks linking satellite energy research centers compa-
rable in scale to DOE’s Energy Frontier Research Centers or NSF’s
Engineering Research Centers, thereby enabling faculty in less cen-
trally-located regions or at institutions with limited capacity to man-
age the large e-DII hubs to contribute to the nation’s energy R&D as
an element of the national e-DII network.

A merit-based competitive process would award core federal support rang-
ing from $5 M/y to $10 M/y for modest centers in single institutions to as
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much as $100 M/y to $200 M/y for large e-DIIs managed by consortia of uni-
versities and national laboratories. Federal funding would be augmented with
strong additional support and participation from industry, investors, universi-
ties and state governments, for a total federal commitment growing to roughly
$6 billion/y (or 25% of the recommended total federal energy R&D goal of
$20 to $30 billion/y estimated to be necessary to address adequately the
nation’s energy challenge.)

In May 2009, the U.S. Department of Energy announced the first step of
building just such a significant energy research program by launching a new
transformational research program patterned after the U.S. Department of
Defense’s Advanced Research Projects Agency (DARPA) known as ARPA-
E and funded at an initial level of $400 M/y; funding 46 new Energy Frontier
Research Centers on university campuses and national laboratories for small
research teams; and creating an initial set of eight “energy innovation hubs”,
similar in concept to the energy discovery innovation institutes, for transla-
tional research funded at $280 M for the first year. President Obama has also
committed to increasing federal energy research by at least $15 B/y, hence
beginning to approach the target set by our Brookings report (Chu, 2009).

Transformative Translational
Research Research
(Breaking the (Coupling Discovery
Paradigm) ~ with Innovation)
ARPA-E Energy Frontier Energy Innovation Hubs
$400M-51-2B Research Centers (8 @ $280 M-Year 1)

(46 @ $777 M- 5 Years)

Interestingly enough, this strategy has important antecedents in American
history. In earlier times during periods of great challenge or opportunity, the
United States responded to the changing needs of the nation with massive
investments in the nation’s research capacity. The Land Grant Acts of the
19th century created, through the great land-grant universities, the capacity
to assist the nation’s transition from an agricultural to an industrial economy.
The Manhattan Project developed the nuclear technology to protect the
nation during a period of great international peril. The post-WW!II research
partnership between the federal government and the nation’s universities was
not only critical to national security during the Cold War, but drove much of
America’s economic growth during the latter half of the 20th century. The
Apollo Program fulfilled mankind’s dream to conquer space by sending men
to the moon.
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Most analogous to the present situation was the visionary action taken by
Congress to respond to the challenge of modernizing American agriculture
and industry with the Hatch Act of 1887. This act created a network of agri-
cultural and engineering experiment stations through a partnership involving
higher education, business and state and federal government that developed
and deployed the technologies necessary to build a modern industrial nation
for the 20th century while stimulating local economic growth. The proposed
network of regional “energy innovation hubs” is remarkably similar both in
spirit and structure, since it will bring together a partnership among research
universities, business and industry, entrepreneurs and investors, and federal,
state and local government working together across a broad spectrum of sci-
entific, engineering, economic, behavioural, and policy disciplines to build a
sustainable national energy infrastructure for the 21st century while stimulat-
ing strong regional economic growth. It will represent an important element
of a broader national effort to achieve a sustainable energy future for both our
nation and the world.

CONCLUDING REMARKS

The role of research universities in contributing to the innovation necessary
to compete in a knowledge-driven global economy is widely recognized.
Clearly, the traditional approaches to fundamental research and education are
essential for creating the new knowledge and knowledge professional to this
effort. Yet, this paper suggests that something more is necessary: transforma-
tional research to stimulate the breakthrough discoveries that create entirely
new economic activities and translational research and development to trans-
fer new knowledge generated on the campuses into products, processes and
systems capable of addressing the needs of society. These, in turn, will likely
require new paradigms for university research similar to those suggested in
recent U.S. National Academy and National Science Foundation studies and
currently being applied to address the urgent need for sustainable energy tech-
nologies.
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Hi-Tech Industry

and Universities: A Perspective
on Dating for Joint Innovation
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INTRODUCTION

s recorded since the very beginning of our written history, knowledge

has been progressing by accumulating the experience of past and
present generations (Van Doren, 1991). The creation of new knowl-

edge has been performed by various actors: priests, hunters, philosophers,
farmers, artists, craftsmen, soldiers, faculties, business people, scientists, man-
agers, etc. Relationships between these various knowledge creators have
occurred either formally (in schools, or corporations, or public forums) or
informally (in all possible venues, including individual visits, migrations and
dramatic events). One can say that innovation has been able to happen in
almost all possible circumstances, including and even better under adversity.
More recently, a critical mass of knowledge has been created and accumu-
lated in academia, public research institutions and industry. With the world
becoming more global and innovation more important for the development
of countries, there has been a growing need for these different institutions to

1 This paper was written with the collaboration and help of several colleagues of the HP
Open Innovation Office team whom I would like to thank: Vinnie Jauhari (based in
India), Martina Trucco (based in Puerto Rico), Lueny Morell (based in Puerto Rico),
Sheri Brodeur (based in Boston, U.S.), Igor Belousov (based in Russia), Xiang-yi Yao
(based in China), Shinya Nakagawa (based in Japan), Jason Tan (based in Singapore),
Arnaud Pierson (based in Switzerland) and Rich Friedrich (based in Palo Alto, U.S.).
Also I would like to give special thanks to Luc Weber for reviewing this paper.
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collaborate more and better (Weber, 2006). For sure such collaborations had
already happened many times in the past, but recent economic trends have
created a specific increased need for academia, public research institutes and
industry to perform joint innovation.

This paper is about the special relationship between academia, public
research institutes and industry when it comes to jointly innovate. In sec-
tion 2 the paper first explores the new motivation for the Hi-Tech industry to
increase its external relationships to better innovate. Then in section 3 the
planning, dating and execution for joint innovation are described in detail.
Section 4 then addresses the new global context in which such joint innova-
tions are performed. Examples are taken from the corporate experience of the
author and his colleagues of the Open Innovation Office at HP Laboratories.
The conclusion looks at some future trends for joint innovation.

HI-TECH INDUSTRY RESEARCH AND INNOVATION

R&D Spending Trends

In September 2005, Technology Review published the Corporate R&D
Scorecard (Fig 1.a). R&D spending of 150 Hi-Tech companies was analysed
in terms of absolute spending in US$, R&D as a percentage of sales, and R&D
per employee. First significant differences in average R&D investment could
be seen between sectors: about 23% of sales for biotechnology, 7% for com-
puter hardware, 14% for computer software, 2% for consumer products, 16%
for semi-conductors and 4% for transportation. Also within a given sector like
computer hardware, one could notice different levels of R&D spending rang-
ing from 4% to 17% of sales. Different business models could explain such dif-
ferences within the same sector. Some companies would mainly compete on
the technology innovation level (like Sun or EMC), while other companies
would rather compete on the business model and spend less on R&D (like
Dell). Such differences in R&D spending were also noticeable in other sectors
like computer software and telecommunications. This study shows that the
needs for acquiring external knowledge and R&D from universities are not
similar between companies, even within a different sector.

Need for Innovation

Companies spend most of their R&D budget doing D (Development) rather
than R (Research). The development time for a new product is closely linked
to the life-cycle of the product. Some products, such as printers, have a life-
cycle of a couple of years and their development time can be as short as three
months. Other products, such as computing servers or software releases, have
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a much longer life-cycle (up to a few years) and their development time can
scale up to several years. Usually time-to-market is a key parameter for the suc-
cess of the product and little or no time can be spent to accommodate external
partners with a different agenda and timetable to develop product compo-
nents. In addition cost constraints are intense in Hi-Tech product develop-
ment and constant tradeoffs have to be made by the development team
between functionality, time-to-develop and cost. In some cases, razor-thin
margins in the lower one-digit numbers gave cost constraints a lead in the
absence of breakthrough innovation, such as for personal computers before
2005. In other cases the innovation factor was so overwhelming that cost con-
straints became secondary, such as for the iPod ®. In this complex environ-
ment, most external product development partnerships are usually between
industrial companies used to operate within similar constraints, and rarely
with universities. For developers in a Hi-Tech company, universities can per-
form targeted tasks unrelated with critical product development, such as tests
in specific scientific environment, or sanity checks about some new techno-
logical assumptions, or search for alternative technologies. The university fac-
ulties and students can provide interesting and provocative, out-of-the-box
concepts which can be of great interest for development teams when planning
next product releases or checking the market acceptance of new products.
One interesting case can be read about the Illinois Institute of Technology

and HP in digital photography in the late 90s (Frascara, 2002, pp. 208-218.)

Relationships with Universities — Dating for Joint R&D

While the most attractive target for industry-university partnerships is prod-
uct development, it is also the most difficult to succeed into. A common fal-
lacy is to believe that a university will act like an industrial partner when deal-
ing with product development, and this unfortunately leads to severe
misunderstandings, to unmet commitments and deliverables, and ultimately
to a deterioration of the relationship between the two partners.

Some companies have kept within their R&D budget a significant compo-
nent for R (Research). Usually the R component is a one-digit percentage of
the total R&D budget. However for large companies like HP, IBM or Intel,
this R budget is still significant in terms of absolute dollars. Research Labs in
private industries are special entities where research is conducted in selected
areas of interest with the expectation to develop future products within
5-10 years, sometimes even later. In this respect, industry research Labs share
some similar goals with universities and public research entities, and have a
natural need and interest to collaborate with them (see Fig. 1b). This collab-
oration can start with public domain presentations and publications at confer-
ences and journals, and expand into joint research projects and participation
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to public research programs, such as those organized by the National Science
Foundation in the U.S. or the Framework Programs in the E.U.

However this initially attractive-looking match has to be balanced with sev-
eral constraints and the organization of partnerships between private industry
labs and universities or public research entities has to take these constraints
into account. The first constraint is still related to life-cycle considerations.
Usually the turnover of named strategic research topics in private research labs
is faster than those within public institutions or those of public research pro-
grams. This can lead to discrepancies in terms of the actual length of the
planned joint collaboration and its desired outcomes. It also potentially limits
the company lab in its ability to change research directions according to new
business interests. The second constraint to handle is still related to cost. Large
research investments from private companies are usually not rewarded by Wall
Street, and are seen more as a cost than an investment, or even than an asset.
This tendency has taken more importance in recent years with the pressure on
companies to reward their stockholders sooner rather than later and therefore
to cut all perceived unnecessary costs accordingly. As a consequence, the cur-
rent size of most research projects undertaken by private companies is relatively
limited and has a hard time to be scaled up in the absence of external funding.
Government-sponsored public research organizations have well understood
these two constraints and provide more attractive frameworks and conditions
for private companies to undertake research in collaboration with local univer-
sities or public research labs. This happens especially in many emerging econ-
omies; however more mature geographies have been ramping up their attrac-
tiveness for company research programs as well.

The environment for joint research projects between private company labs
and universities and public research institutes is therefore more favourable than
the environment for joint product development projects, even if the size of the
projects is smaller. For the private company lab, the deliverables of such projects
can in some cases be expressed in research results otherwise hard or impossible
to get alone, along with important direct or indirect talent recruitment.

Open Innovation Model

Recent frameworks such as Open Innovation in opposition to traditional
Closed Innovation (Fig 1.c) have been developed in the literature to explain
the growing importance of external research partnerships and their attractive-
ness for all parties involved.

The Open Innovation Model (Chesbrough, 2003) calls for partnerships
between a company R&D entity and researchers from the following institutions:

e Universities.
e DPublic Research Laboratories.



Chapter 17: Hi-Tech Industry and Universities. .. 255

e Government Research Programs (such as NSF, EU FP, MEXT, etc.).
¢ Non-for-Profit organizations.
e Other companies.

The initial assumption is that for a given research theme expertise and tal-
ent are not concentrated only inside the company, but rather disseminated
among the institutions mentioned above. The next step is to find these exter-
nal talents and to collaborate with them in order to join forces and obtain
potentially better research results. The gain in time, resources and effort often
offsets the exposure taken by collaborating openly with external organiza-
tions.

At HP we have been implementing Open Innovation since several years
and have practised several different instances:

e A global Call for Proposals to Universities (http://www.hpl.hp.com/
open_innovation/irp/).

e Collaborations with companies in global joint projects (www.open-
cirrus.org).

e Several participations to DARPA, EU FP7 and other government
programs.

e Organization of Open Source Federations (www.gelato.org,
www.dspace.org).

¢ Joint Programs with UNESCO and Joint Research and Education
Programs in specific countries (http://portal.unesco.org/fr/ev.php-
URL_ID=27009&URL_DO=DO_TOPIC&URL_SECTION=201.
html).

PLANNING, DATING FOR AND EXECUTING
EXTERNAL R&D WITH UNIVERSITIES

Planning

Setting up an Agenda

The first task to be performed in the planning of External R&D is the estab-
lishment of a comprehensive agenda. As mentioned in the previous section,
corporate R&D can be conducted to discover new technologies for future
products, or to produce new business models, or to perform a combination of
both. Usually the list of R&D topics that have to be investigated by the com-
pany R&D organization is a long list, addressing multiple problems. It is fre-
quently the case that the resources available are outnumbered by the needs
expressed in the list. In addition the company R&D organization sometimes
does not have all the right skills and people to address a particular problem,
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Figure 1a: Corporate R&D Scorecard
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Figure 1b: Timeline of university research, company research and product devel-
opment (from HP)
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and building such capacities takes a long time. Finally some problems are per-
ceived as temporary and requiring a short-term effort rather than a long-term
organizational involvement.

All these reasons call for an in-depth look at the opportunity to outsource
R&D, especially to universities or public research organizations. This is a
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Figure 1c: Closed Innovation vs. Open Innovation models
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make vs. buy decision, which has to be prepared carefully. In particular, the
following points have to be clarified before selecting a particular topic in the
list for external R&D candidate topics:

¢ s this topic considered strategic? Does the company want to own the
knowledge about it?

o Is the research affordable? How long would it take to get results? At
which cost?

e Where is the expertise located for this topic? Who would be best posi-
tioned to help?

Answering these key questions is a pre-requisite before entering into the
investigation for potential external R&D partners. Once these questions are
answered for each topic targeted for external R&D, an agenda can be con-
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structed. Sometimes this agenda can be shown as a “technology map” where
the different R&D topics and their main components are shown and their
source (internal or external) is mentioned. Such a map (as shown in Fig 2)
can help to make trade-off decisions between topics and refine the external
R&D strategy.

Figure 2: Example of technology map used for building an external R&D agenda

Topic 1 Topic 2 Topic 3 Topic 4

Relevance for the |Not strategic Strategic Not strategic | Public Domain
company R&D
R&D effort 1 Man/Year 2 Men/Year |3 Men/Year 10 Men/Year
estimated
Potential external | Universities A, B, | Competitor X | Company Y NSF or EU
R&D partners Cand D University C project
Proposed decision | Outsource using | Do internally | Negotiate Participate

Call for Proposal partnership to the project
Cost Low High Low/Medium | Low
Time to market Not critical Critical Medium Not critical

Dating, selecting potential partners and thinking out-of-the-box

Once the external R&D agenda is built, the next step is to identify among
the potential external partners those likely to provide the R&D as required.
This is a match-making process which can be run in very different ways with
potential external partners:

Individual meetings and conversations at exhibitions or conferences.
Call for Proposals sent to universities globally or in a given geography.
Regular relationships with particular campuses or research institutes.
Web 1.0 and 2.0 interactions with targeted external researchers and
faculties.

Each of these dating approaches has its own pros and cons, and the authors
have been practising most of them at different stages for different purposes.
Conferences and exhibitions are grouping specialists of a given topic in a loca-
tion to make presentations, publish papers or posters and exchange ideas dur-
ing coffee breaks and dinners. Such events are very powerful for identifying
potential external R&D partners and exploring their interest and availability
to build a R&D partnership.

A broader or next approach is to publish a Call for Proposal on a given set
of topics to universities. Universities are asked for project proposals with a
submission deadline. Once the proposals are received, they are reviewed and
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afew of them are selected. This approach has the advantage of identifying new
unknown partners and offering potential positive surprises to the company
R&D organization. An example is the Call for Proposal performed by HP Labs
in 2008 and 2009 (http://www.hpl.hp.com/open_innovation/irp/).

The practice of a regular and strategic relationship with selected research
partners (companies, universities and public research institutes) provides a
rich networking environment where ideas can be explored and R&D partner-
ship established when there is a match in areas of interest. This approach how-
ever requires dedicated local company representatives to cover selected major
campuses, public research institutes and private partners.

Finally today websites provide a rich database of papers, public research
results repositories and descriptions of research activities which can be con-
sulted for identifying and calling potential external partners. It is also possible
to scale-up this investigation with Web 2.0 technologies (blogs, forums, twikis
etc.) which provide a more dynamic exchange and sometimes even instant
results for the investigation (Tapscott, 2007).

One important opportunity which is frequently overlooked or not taken
into account is the investigation of external R&D partnerships outside the
traditional research areas of the company R&D organization. Sometimes
problems identified by a company R&D organization were already solved, at
least partially, by another organization. For example, in HP Labs one very effi-
cient data centre energy optimization technology was recently bought from
the aerospace industry, where air flow optimization has been one key expertise
since the very beginning of plane construction. In identifying and assessing
potential external R&D partnerships it is therefore important to keep an open
approach to allow out-of-the-box opportunities, or “black swans”, to be inves-
tigated and considered (Taleb, 2007).

To summarize, the investigation and selection of potential external
research partners are one of the most intriguing and interesting steps of the
planning of external R&D. This is also a challenging task since it provokes
make-or-buy considerations and out-of-the-box thinking.

Competitive Analysis

The world of R&D partnerships is a busy world where competition is intense
to team with the best and brightest in a given technology topic. When con-
sidering a potential R&D partnership, several questions have to be addressed
about the potential partner:

¢ How qualified is the potential partner? What is his/her research repu-
tation!

e [s the potential partner available? Or already booked? What would
the turnover cost!?
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e What is the price of the collaboration? What would the terms and
conditions be?

e What is the overall relationship between the company and the poten-
tial partner?

The question of the qualification and research reputation of the potential
partner is an important one. Beyond the expected quality of the research,
there are also time to market and marketing considerations to consider care-
fully. Partnering with recognized world experts on a given subject derives fame
or even hype, but also exposure and a strong expectation to succeed.

Even the best research partner can fail to deliver if his/her agenda is already
full. Project turnover is a key parameter to investigate when considering a new
R&D collaboration.

The price of the collaboration depends on geographic, political and eco-
nomic factors. Besides the price of external researchers and their infrastruc-
ture, overhead costs have to be considered as well. One sticky point can be the
price of the intellectual property (IP) generated by the project and the ease of
doing business with the Technology Transfer Organization of the partner.

Finally a very important factor to watch carefully is the overall relationship
between the company and the potential partner, including the commercial
relationship when applicable. R&D partnerships can be plagued by poor com-
mercial relationships or unsustainable competitive pressure.

All these points are trade-offs at the source of intense debates within R&D
organizations. It is interesting to watch how different companies answer some of
these questions by either teaming with big dollars with only a couple of top cam-
puses, or by spreading their money thinner with multiple but less famous partners.

Execution

Investment Strategies

When there are many topics retained for potential external R&D and signif-
icant investments to be decided, a portfolio analysis may be needed. The goal
of the portfolio analysis is to position the different potential external R&D
activities in a risk/reward diagram, and to look at the overall risk that the com-
pany is planning to take. Senior management can then decide which risk
strategy is acceptable and guide the overall investment accordingly. The
investment strategy consists in the following steps:

¢ Evaluation of expected return and risks.
e Evaluation and choice of a portfolio strategy.

Return: The total planned external research investment includes cash, per-
sonnel and expense costs. This total amount has to be compared to the invest-
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ment which would be needed internally to execute the same research. Thus a
conservative expectation for the return of external R&D should be the equiv-
alent return if the project were done internally. Having considered this, one
might want to consider more aggressive investments, i.e. focused investments
expected to return much more than the standard investment described above.
This may happen in the following scenarios:

e Leverage of a significant external funding opportunity (in specific
emerging economies etc.), or seeding of a relationship that develops
into a collaborative partnership with significant external funding (in
E.U. with FP7, in the U.S. with NSF, etc.).

¢ Focus on a campus powerhouse expected to deliver much higher returns.

e Focus on a transformation topic in an out-of-the-box approach.

Risk: The risk on any individual investment includes a factual risk and a per-
ceived risk. The factual risk includes the dollar amount of the investment plus
the internal people cost which will be involved in the external project. The
perceived risk derives from the importance the company R&D organization
assigns to the hype of a subject, the reputation of a campus, the history of a rela-
tionship and the ultimate belief that everything will be fine or not. This latter
risk can play in two directions: increased confidence or increased defiance.

The goal of the company R&D organization will therefore be to maximize
the expected Return while minimizing the Risk (especially the perceived risk)
of the portfolio of investments.

A Conservative Portfolio allocates the investment in a uniform way, and may
or may not allow a couple of more focused aggressive investments. It can then
be difficult to raise the expected average return beyond the return of the same
projects internally. The risk can be perceived as low. Companies that are new
in the business of external R&D partnerships usually adopt a conservative
portfolio by teaming with well-recognized faculties from top campuses. In a
similar way that an I'T manager in the 80s would not be fired by choosing IBM
(a common stand at that time), an External Research manager is unlikely to
be blamed for choosing to work with a few top faculties from major campuses
in the company areas of interest.

A Balanced Portfolio makes a few bigger bets in focused areas, decrement
more conservative projects accordingly, but still invest in those that are most
promising. Compared to the conservative portfolio, the balanced portfolio
can raise the expected average return by a factor of two or three. The factual
risk certainly increases as well. The balanced portfolio encourages the com-
pany R&D organization to increase reasonably its risk tolerance with aca-
demic projects. Companies like pharmaceuticals usually cultivate a balanced
portfolio with a set of major campus partnerships and a few major investments.
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An Aggressive Portfolio increases significantly the number of focused invest-
ments and leads to factual and much higher perceived risks. However the
potential return can scale up to about five times the expected one with a
conservative portfolio. Some Hi-Tech companies cultivate an aggressive port-
folio approach, by placing significant investments behind a few well-targeted
directions.

Negotiation

Once the investment strategy has been chosen and the potential partners
defined, negotiations can start with the potential partners. This is a combina-
tion of science and art. Science is based on partnership contract templates,
different IP terms and other contractual parameters that the company can pre-
pare as negotiable or non-negotiable items. The practice of the negotiation
itself shows that even if this contractual science was prepared carefully, Art
often applies in getting a win-win outcome. The literature and experience
relate some successes, but also some significant failures. In any case, the length
and the cost of negotiation should usually not be higher than the length and
the cost of the joint project.

However in today’s world IP is often perceived by all parties (industry, uni-
versity, government) as a key strategic asset around which the whole partner-
ship negotiation has to be articulated. This assumption is popular because IP can
be measured with some well recognized parameters: number of patents, licensing
revenues and other trade statistics. The assumption that IP should rule the
negotiation is better suited for some industries than other, the difference being
often time to market. For example, in the IT industry it is frequent to see hot
new technologies becoming common or even public domain after a couple of
years (Raymond, 1999). Therefore the window of opportunity can be very short
for major IP revenue goals. The situation is of course completely opposite in
other industries, such as the pharmaceutical industry. For this reason in many
cases [P negotiations should be taken with an open mind and with the desire to
find mutually reasonable terms, rather than to maximize IP revenues.

Partnership negotiations also have to take into account other factors, such
as the other on-going relationships between the company and the university.
These relationships can include a vendor-customer relationship, transfer of
people between the two parties (visits, sabbaticals or even hiring) and other
contacts (VIP visits, joint participation to events, joint PR and communica-
tions). Therefore a positive and friendly business relationship climate has to
be maintained during the negotiation, regardless of the financial goals of some
of the negotiators. Major account management techniques have to be prac-
tised to ensure that no dispute will disrupt the company-university relation-
ship, or affect other company business in the geography.
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Finally the practice of negotiations in different geographies requires the
accommodation of different cultures and practices. This can be cultivated at
the company headquarters level in close partnership with local employees and
company partners. In the global world of R&D partnerships, local policies,
economic conditions and business practices do play a major role.

Project Management

Once the joint R&D project is signed, and after the reception and cocktails,
the joint R&D work can start. Traditional project management techniques
(Bauer, 1992) can of course apply to ensure that the project will deliver the
desired results. However a few very specific and important considerations
have to be taken into account.

The project will be co-run by two teams with complete different cultures.
R&D corporate culture is very different from academic culture. Initial meet-
ings should concentrate on building mutual understanding and trust before
rushing to the deliverables. It is a good practice to organize in the beginning
of the project frequent visits, discovery meetings and social events to build the
joint team. What will be spent for this purpose will be saved manifold for the
project in the future.

A university will unlikely develop a commercial product. The joint R&D
team has to rather concentrate on goals like exploring new concepts, doing san-
ity checks and building proofs of concept or prototypes. The company R&D
team should rather leverage the fresh innovative approach of university faculties
rather than try to force them to apply product development techniques.

R&D engineers and project managers are measured by their management
by comparing the results of their projects to clear articulated project goals.
Academics are evaluated by their peers according to the review and success of
their publications. Therefore it will be important to accommodate these two
different sets of values in the evaluation of the joint project results. Initially
this looks like mixing fire with water, but in practice it can turn out to be eas-
ier. For example the peer review of academic publications is a very thorough
process requiring the faculty to submit well documented research results with
proofs and examples. Such results and their presentation can often be of great
interest for the industry partner.

The ability to accommodate different geographies in the joint research
project portfolio can be a tremendous opportunity and competitive advantage
for a company external R&D agenda. However it requires a careful under-
standing of the local education system, policies and working practices. This
applies in the practice of the joint R&D project as well. Having two teams
from two continents collaborating requires special care and techniques to
make communications successful and projects completed.
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Measuring Success

The measurement of success in external partnerships or open innovation is a
science and an art. The science includes multiple well- or not-so-well-
engineered operational parameters which can be measured along the lifetime
of the external partnership: number of publications, financials, number of
people, etc. The art includes serendipity, intuition and luck.

For sure the marital life between both science and art is a delicate experi-
ence, which requires a lot of openness and patience from the stakeholders.
Here are a few of the tradeoffs.

Process vs. Content

Process and content are closely linked to each other, and the success of exter-
nal partnerships requires a good balance between both. A pure process-driven
approach may miss lifetime opportunities and the ultimate power of intuition.
A pure content-driven approach may often lead to the exhilarating cultiva-
tion of joint dreams with the external partners, with little or no likelihood for
any tangible result.

Human Capital vs. Finance

Financial measurements such as Return on Investment, External Funding and
Licensing Business Forecasts are important to put the project in perspective,
especially for large multi-year collaborations. However Human Capital is also
in the essence of success in R&D, beside investment. Access to talent has to
be a key objective of open innovation.

Publications and Technology Transfers

As mentioned before, the reward systems of academia and industry are
completely different. The success of the partnerships will therefore have to be
measured using publications (rewarding for academia) and technology trans-
fers (rewarding for industries). Some campuses however, such as Stanford
University, have cultivated a very strong track record of managing a pipeline
of successful start-ups out of the innovation projects.

THE GLOBAL CHALLENGE

In today’s flat world (Friedman, 2006) the competition between universities
is intense on a global basis to perform the best research and the best curricu-
lum. Between governments there is also an intense competition to develop
the most attractive education and research economic strategy (Vietor, 2007).
Many countries, at the national or regional level, offer comprehensive pro-
grams to attract external R&D investments from the private sector. Govern-
ment matching funds, or tax returns, or other facilities (real estate opportuni-



Chapter 17: Hi-Tech Industry and Universities. .. 265

ties in technology parks, student programs, etc.) are offered to attract
corporate R&D investment. This plays a very important role in the selection
of external R&D partners.

While financial and logistical conditions can make or break a deal, it is
important to keep a cold focus on the initial external R&D objective. The
trade-off is then to find the right balance between R&D and business (some-
times even company trade balance) objectives. For companies which are
growing on a global scale, initial beachheads can be made in new geographies
using external R&D partnerships within an attractive local economic envi-
ronment favourable to such new ventures. On the other hand, geographies
which make it difficult to establish R&D collaborations or do not provide any
economic incentives can plague the development of company external R&D
despite the availability of local talent. Recent experience has shown that easy-
to-do-business-with IP policies are also played by several geographies as a
competitive factor in order to attract companies R&D investments.

The ‘undisputable’ Attraction of Emerging Geographies

The numbers are all pointing in the same direction: emerging geographies
(Brazil, China, India, Korea, Middle-East, Russia, Singapore, etc.) are dramat-
ically scaling up their innovation capabilities in technology and science. This
starts with the number of students in the higher education system, the ranking
of universities and ultimately the number of graduates (Fig. 3).

Figure 3: Global Trends in Higher Education: New Engineers in 2008 in the World

The world produces about one million
engineers every year:

USA & Canada ~100,000
China =400,000
India =300,000
Europe =100,000
Australia =8,000
Korea & Japan =~150,000
L & S America ~200,000
Middle-East and Africa ~50,000

Source: Data from Professors Seeram Ramakrishna (National University Singapore)
and Venky Narayanamurti (Harvard) IFEES conference in Paris, May 2008.

In addition to the ramp-up of their talent pool, emerging geographies have
been cultivating since several years a set of other competitive advantages:

e (Cost, skill and motivation of workforce.
e Ease-to-do-business with attractive public policies.
¢ Motivation to grow, perform and develop national capabilities.
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The combination of these factors is today building a true economic compar-
ative advantage to emerging geographies universities when it comes to attract,
perform and deliver external R&D for global or local companies. One of the
important facts confirming this trend is the reverse brain drain from mature
economies of the western world towards emerging geographies: talented facul-
ties and knowledge workers are leaving mature economies to join new innova-
tion structures in emerging geographies. This applies not only to people who
were born in these emerging geographies and went to the mature countries to
study or get initial work experience, but also to mature geographies-born citi-
zens who are attracted by new opportunities in emerging geographies.

This gives emerging geographies a clear undisputable attraction to compa-
nies to perform innovation related work.

The ‘still-matters’ Attraction of Traditional Geographies

The fascinating TED video shows a novel new human-machine interface for
cell phones/computers developed by MIT: (http://www.ted.com/talks/
pattie_maes_demos_the_sixth_sense.html). The content of this video speaks
by itself: the cocktail of talent, motivation and insight is impressive and shows
the power of campuses like MIT when it comes to innovation. Companies are
still investing a large fraction of their external R&D dollars to get access to
such breakthrough innovation in the major campuses of mature geographies
(U.S., Europe, Canada, etc.).

In addition several major campuses have developed over the years a unique
and powerful strategy to incubate start-ups and make them successful. For exam-
ple, the track record of Stanford University is impressive: HP, Sun, Cisco,
Yahoo, Google and many other hi-tech companies started from the Stanford
campus. Also the venture capital ecosystem is an impressive innovation and
growth engine for several geographic locations in mature geographies: Silicon
Valley, Oxbridge, Munich, etc. Finally, large public research programs (NSF,
DARPA, EU FP7, MEXT Japan, etc.) are also very welcome for companies
looking for public domain research with academic and industrial partners.

This makes mature geographies still matter to companies to succeed in
innovation related work (Kaufman Foundation Report, 2009).

Some examples

Here are some examples from the HP Laboratories vintage:

HP Russian Institute of Technology (HP RIT):

A joint curriculum between a company and several major universities in Russia.
In February 2009 HP and the community of 12 leading Russian universities
announced first results of HP Russian Institute of Technology (HP RIT) pro-
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gram’s work. Since it was launched in January 2008, the following results have
been achieved:

e HP RIT Community has grown to 12 distinguished universities from
all over Russia, such as Moscow State University, St. Petersburg State
University, Moscow University of Printing Arts and many others. HP
RIT research and education centres have been established or are
planned to be established in all universities of the community.

e 22 education courses and 8 laboratory works have been developed and
already made available to students at the universities of the RIT com-
munity. New courses and lab works are to be launched and shared
within the community in the nearest future.

e More than 40 university professors are involved in the program and
over 1,500 students have already studied at RIT centres.

The main goal of RIT program is to provide students and university profes-
sors with access to the information on the latest technologies. HP provides
latest hardware, software and financial support for creation of RIT research
and education centres at participating universities. For example, a special Dig-
ital Printing Center based on Indigo 5500 has been created at Moscow State
University of Printing Arts.

HP experts and professors at universities then work together to develop
educational courses and bring IT training programs to the new levels in order
to turn their students into highly qualified IT professionals with knowledge of
most recent technologies. New courses and laboratory works that cover “Par-
allel Programming”, “Network Technologies” and many others have already
been successfully added to the curricula of Moscow State University of Print-
ing Arts, Bonch-Bruevich Saint-Petersburg State University of Telecommu-
nications, Moscow Institute of Physics and Technology, Stavropol State Uni-
versity and Samara State Aerospace University. Additional courses, such as
“Nanotechnology”, “Bio-informatics”, “Virtualization” and several others are
currently being developed and will soon be available to all students at univer-
sities taking part in the program. Later on the courses will be translated into
English so that European universities could add them to their training pro-
grams as well. It is also in the plans to make all courses available to the major-
ity of Russian universities upon request.

HP and MIT Alliance:

HP and MIT have had a very long relationship that was formalized into The
HP-MIT Alliance in June of 2000, by Carly Fiorina and Chuck Vest, the then
President of MIT. This was a $25M/5yr program in “Digital Information Sys-
tems” with the goal of launching larger, multi-year programs that would hope-
fully have more of an impact than a collection of smaller projects.
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Under this Alliance five new major programs were launched, one was a
consortium with other companies (Oxygen), but the other four were HP-MIT
programs, and all yielded good results for both HP and MIT.

The four HP-MIT projects launched under the Alliance were DSpace, an
open source digital archiving system, an Imaging research program in printed
electronics, a Quantum Information program and the Wireless Networking
Center.

HP Innovate Program in India:

This initiative was started by HP Labs Open Innovation Office in India to cre-
ate a platform to showcase the potential of young engineering undergraduates
in India. The program was initiated in the year 2007 and the first round was
concluded in the year 2008. Technical submissions and prototypes were
invited from more than 200 engineering colleges in the first phase. The
themes under which the submissions were invited range from cryptography,
embedded technology, image processing, nanotechnology, virtualization, data
mining and so on. There were about 17 technology themes which were
included for the first round of submissions.

Outcomes of the first round: There were 382 students which participated
across 124 teams from 51 institutions. These teams participated from all
regions across India and had a maximum of four members per team. Each team
had a faculty mentor as well.

The submissions for HP Innovate were all double blind reviewed and had
more than 35 reviewers who assessed the submissions. Based on initial assess-
ment, the top ten themes were invited to present their work. The top three
teams won HP hardware such as tablet PCs and iPAQs. The winning team was
taken to Palo Alto for interaction with HP Labs researchers. The Indo-US
Science and Technology Forum in India supported the visit of the HP Inno-
vate winning team’s trip to the U.S.

The winning teams were also provided an opportunity to showcase their work
in the “Labs to Market” session of EmTech, a prestigious event of Technology
Review which was hosted in 2009. The teams had an opportunity to share their
work with venture capitalists and other technology firms and institutions.

CONCLUSION: FROM SPEED-DATING
TO LASTING RELATIONSHIPS

[s innovation manageable? This candid question is asked in (Haour, 2004). At
the conclusion of this paper it would seem that the answer should be positive
rather than negative. A massive and impressive global innovation system is at
work today to train the technology professionals, to launch and cultivate
ambitious public research programs, and to build more relationships between
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industry and academia. The recent history of technology progress has shown
that managed innovation can score and is likely to score impressive successes.
On the other hand it will remain important to keep enough flexibility in the
system to encourage and benefit from more chaotic innovation, such as those
that happened in the past.

This paper has described several aspects of the organized innovation when
it comes to the collaboration between hi tech industry and academia, includ-
ing in the context of public research programs. Methods and processes are
today available and well practised to make this dating process happen. Cer-
tainly, this does not always predict the outcome and success of the relation-
ship, and whether this relationship will be closer to speed-dating than to a
more lasting one. But at least the steps described may help to organize the
intention of the industry-academia relationship and create a positive environ-
ment for it.

An interesting next step could be to explore how joint innovation could be
further used to work on today’s grand challenges and problems. This approach
has been pioneered by a few universities which have established specific ded-
icated centres, such as CITRIS at UC Berkeley (http://www.citris-uc.org/). It
might be also interesting to explore how such approaches would facilitate the
analysis of future technology trends in a similar way that this has been done
for business (Schwarz, 1991).
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CHAPTER

The Challenge of Establishing
World-Class Research

Universities in Developing
Countries

Jamil Salmi !

INTRODUCTION

reoccupations about university rankings reflect the general recognition

P that economic growth and global competitiveness are increasingly

driven by knowledge and that universities play a key role in that con-

text. Indeed, rapid advances in science and technology across a wide range of

areas — from information and communication technologies (ICTs) to bio-

technology to new materials — provide great potential for developing coun-

tries to accelerate and strengthen their economic development. The applica-

tion of knowledge results in more efficient ways of producing goods and

services and delivering them more effectively and at lower costs to a greater
number of people.

Tertiary education plays a critical role in that context. It helps countries
build globally competitive economies by developing a skilled, productive and
flexible labour force and by creating, applying and spreading new ideas and
technologies. A recent global study of patent generation has shown, for exam-
ple, that universities and research institutes, rather than firms, drive scientific
advances in biotechnology (Cookson, 2007). Tertiary education institutions

1 This article is derived from a book published in February 2009 under the title The Chal-
lenge of Establishing World-Class Universities, Washington D.C., The World Bank.

271



272 Part IV: Innovation Strategies at the Institutional Level

can also play a vital role in their local and regional economies (Yusuf &
Nabeshima, 2007).

According to Constructing Knowledge Societies, the World Bank’s latest pol-
icy report on the contribution of tertiary education to sustainable economic
development (World Bank, 2002), high-performing tertiary education sys-
tems encompass a wide range of institutional models — not only research uni-
versities but also polytechnics, liberal arts colleges, short-duration technical
institutes, community colleges, open universities and so forth — that together
produce the variety of skilled workers and employees sought by the labour
market. Each type of institution has an important role to play, and achieving
a balanced development among the various components of the system is a
major preoccupation of many governments.

Within the tertiary education system, research universities play a critical
role in training the professionals, high-level specialists, scientists and
researchers needed by the economy and in generating new knowledge in sup-
port of the national innovation system (World Bank, 2002). An increasingly
pressing priority of many developing countries is therefore to ensure that their
top universities are actually operating at the cutting edge of intellectual and
scientific development.

The main objective of this chapter is to explore the challenges involved in
setting up globally competitive research universities in developing countries
that will be expected to compete effectively with the best of the best. Is there
a pattern or template that might be followed to allow more rapid advancement
to world-class status? To answer this question, the chapter starts by construct-
ing an operational definition of a world-class university. It then outlines and
analyses possible strategies and pathways for establishing such universities and
identifies the multiple challenges, costs and risks associated with these
approaches. It concludes by examining some lessons from recent and ongoing
experiences to set up new research universities in developing countries.

WHAT DOES IT MEAN TO BE A WORLD-CLASS UNIVERSITY?

In the past decade, the term “world-class university” has become a catch-
phrase, not simply for improving the quality of learning and research in ter-
tiary education, but also, more importantly, for developing the capacity to
compete in the global tertiary education marketplace through the acquisition,
adaptation and creation of advanced knowledge. With governments keen on
maximizing the returns on their investments in research universities, global
standing is becoming an increasingly important concern for institutions
around the world (Williams & Van Dyke, 2007).

Becoming a member of the exclusive group of world-class universities is not
achieved by self-declaration; rather, elite status is conferred by the outside
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world on the basis of international recognition. Until recently, the process
involved a subjective qualification, mostly that of reputation. For example,
Ivy League universities in the United States (U.S.), such as Harvard, Yale, or
Columbia; the Universities of Oxford and Cambridge in the United Kingdom
(U.K.); and the University of Tokyo have traditionally been counted among
the exclusive group of elite universities, but no direct and rigorous measure
was available to substantiate their superior status in terms of outstanding
results such as training of graduates, research output and technology transfer.

With the proliferation of league tables in the past few years, however, more
systematic ways of identifying and classifying world-class universities have
appeared (IHEP, 2007). Although most of the 45 best-known rankings pur-
port to categorize universities within a given country, there have also been
attempts to establish international rankings. The two most comprehensive
international rankings, allowing for broad benchmark comparisons of institu-
tions across national borders, are those prepared by the THES and Shanghai
Jiao Tong University (S]JTU). Table 1 shows the results of the 2008 THES
and SJTU world rankings.

Table 1: Top 20 Universities in THES and SJTU World Rankings, 2008

Rank THES (2008) Rank SJTU (2008)

1 |Harvard University 1 | Harvard University

2 | Yale University 2 | Stanford University

3 | University of Cambridge 3 | University of California, Berkeley

4 | University of Oxford 4 | University of Cambridge

5 | California Institute of 5 | Massachusetts Institute of
Technology Technology (MIT)

6 | Imperial College London 6 | California Institute of Technology

7 | University College London 7 | Columbia University

8 | University of Chicago 8 | Princeton University

9 | Massachusetts Institute 9 | University of Chicago
of Technology (MIT)

10 | Columbia University 10 | University of Oxford

11 | University of Pennsylvania 11 | Yale University

12 | Princeton University 12 | Cornell University

13 | Duke University 13 | University of California, Los Angeles

13 |Johns Hopkins University 14 | University of California, San Diego

15 | Cornell University 15 | University of Pennsylvania
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Table 1 cont’d: Top 20 Universities in THES and SJTU World Rankings, 2008

Rank THES (2008) Rank SJTU (2008)
16 | Australian National University 16 | University of Washington, Seattle
17 | Stanford University 17 | University of Wisconsin, Madison
18 | University of Michigan 18 | University of California, San
Francisco
19 | University of Tokyo 19 | University of Tokyo
20 | McGill University 20 |Johns Hopkins University

Sources: THES 2008; SJTU 2008.

Notwithstanding the serious methodological limitations of any ranking
exercise (Salmi & Saroyan, 2007), world-class universities are recognized in
part for their superior outputs. They produce well-qualified graduates who are
in high demand on the labour market; they conduct leading-edge research pub-
lished in top scientific journals; and in the case of science-and-technology-
oriented institutions, they contribute to technical innovations through patents
and licences.

As illustrated by Table 1, most universities recognized as world-class origi-
nate from a very small number of countries, mostly Western. In fact, the Uni-
versity of Tokyo is the only non-U.S., non-U.K. university among the top 20
in the SJTU ranking. If one considers that there are only between 30 and
50 world-class universities in total, according to the SJTU ranking they all
come from a small group of eight North American and Western European
countries, Japan being again the only exception. THES has a slightly wider
range of countries of origin among the top 50 universities (11 countries),
including Hong Kong, China; New Zealand; and Singapore, besides the usual
North American and Western European nations (Figure 1).

Figure 1: Geographical Distribution of World-Class Universities
(Top 50 in 2008)

SJTU ranking THES ranking
Western
Europe (5) Australia

(6)

Canada (2)

Other Asia
(6)

Western
Europe (5)

Japan (2)
UK (5)

USA (20)

USA (36) Canada (3)

Japan (3] UK®
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The few scholars who have attempted to define what world-class universi-
ties have that regular universities do not possess have identified a number of
basic features, such as highly qualified faculty; excellence in research; quality
teaching; high levels of government and nongovernment sources of funding;
international and highly talented students; academic freedom; well-defined
autonomous governance structures; and well-equipped facilities for teaching,
research, administration and (often) student life (Altbach 2004; Khoon et al.,
2005; Niland, 2000, 2007).

In an attempt to propose a more manageable definition of world-class uni-
versities, this chapter makes the case that the superior results of these institu-
tions — highly sought graduates, leading-edge research and dynamic technol-
ogy transfer — can essentially be attributed to three complementary sets of
factors: (a) a high concentration of talent (faculty and students), (b) abun-
dant resources to offer a rich learning environment and to conduct advanced
research, and (c) favourable governance features that encourage strategic
vision, innovation and flexibility and that enable institutions to make deci-
sions and to manage resources without being encumbered by bureaucracy.

Concentration of Talent

The first and perhaps foremost determinant of excellence is the presence of a
critical mass of top students and outstanding faculty. World-class universities
are able to select the best students and attract the most qualified professors
and researchers.

In the sciences, being at the right university — the one where the most state-of-the-
art research is being done in the best-equipped labs by the most visible scientists — is
extremely important. George Stigler describes this as a snowballing process, where
an outstanding scientist gets funded to do exciting research, attracts other faculty,
then the best students — until a critical mass is formed that has an irresistible appeal
to any young person entering the field.

Mihaly Csikszentmihalyi (1997).

This has always been the hallmark of the Ivy League universities in the
United States or the Universities of Oxford and Cambridge in the United
Kingdom. And it is also a feature of the newer world-class universities, such as
the National University of Singapore (NUS) or Tsinghua University in
China.

Beijing’s Tsinghua University said last month it would increase the number of
awards this year. Students with high scores, such as champions of each province and
winners of international student academic competitions, will be entitled to scholar-
ships of up to 40,000 yuan ($5,700), more than double that of last year.
University World News (UWN) (2008a).
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One corollary of this observation is that tertiary education institutions in
countries where there is little internal mobility of students and faculty are at
risk of academic inbreeding. Indeed, universities that rely principally on their
own undergraduates to continue into graduate programs or that hire princi-
pally their own graduates to join the teaching staff are not likely to be at the
leading edge of intellectual development. A 2007 survey of European univer-
sities found an inverse correlation between endogamy in faculty hiring and
research performance: the universities with the highest degree of endogamy
had the lowest research results (Aghion et al., 2008).

It is also difficult to maintain high selectivity in institutions with rapidly
growing student enrolment and fairly open admission policies. The huge size
of the leading universities of Latin American countries such as México or
Argentina — the Universidad Nacional Auténoma de México (Autonomous
University of México, or UNAM) has 190,418 students, and the University
of Buenos Aires (UAB) has 279,306 — is certainly a major factor in explain-
ing why these universities have failed to enter the top league, despite having
a few excellent departments and research centers that are undoubtedly world-
class. At the other extreme, Beijing University maintained its overall enroll-
ment at less than 20,000 until the early 2000s and even today has no more
than 30,000 students.

World-class universities also tend to have a high proportion of carefully
selected graduate students, reflecting their strength in research and the fact
that graduate students are closely involved in the research activities of these
institutions.

The international dimension is becoming increasingly important in deter-
mining the configuration of these elite institutions. This enables them to
attract the most talented people, no matter where they come from, and open
themselves to new ideas and approaches. At the University of Cambridge,
18% of the students are from outside the U.K. or European Union (E.U.)
countries. The U.S. universities ranked at the top of the global surveys also
show sizable proportions of foreign academic staff. For instance, the propor-
tion of international faculty at Harvard University, including medical aca-
demic staff, is approximately 30%. By contrast, only 7% of all researchers in
France are foreign academics. Unquestionably, the world’s best universities
enrol and employ large numbers of foreign students and faculty in their search
for the most talented.

Abundant Resources

Abundance of resources is the second element that characterizes most world-
class universities, in response to the huge costs involved in running a complex,
research-intensive university. These universities have four main sources of
financing: government budget funding for operational expenditures and
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research, contract research from public organizations and private firms, the
financial returns generated by endowments and gifts, and tuition fees.

In Western Europe, public funding is by far the principal source of finance
for teaching and research, although the top U.K. universities have some
endowment funds, and “top-up fees” have been introduced in recent years. In
Asia, the National University of Singapore, which became a private corpora-
tion in 2006, has been the most successful institution in terms of substantial
endowment funding. It has managed to build up a sizable portfolio of US$774
million through effective fund-raising, making it richer than any British uni-
versity after Cambridge and Oxford. The United States and, to a lesser extent,
Japan, have thriving private research universities.

A comparative analysis of the SJTU rankings of U.S. and Western Euro-
pean universities confirms that level of expenditures is one of the key deter-
minants of performance. Globally, total spending on tertiary education (pub-
lic and private) represents 3.3% of gross domestic product (GDP) in the
United States versus only 1.3% in the EU25 countries. Per student spending
is about US$54,000 in the United States, compared with US$13,500 in the
European Union (Aghion et al., 2008). Similarly, there are large spending
variations among European universities that are correlated with the rankings
results of the respective countries. The United Kingdom and Switzerland have
relatively well-funded universities and achieve the highest country scores in
terms of rankings, while universities from the Southern European countries,
including France and Germany, have lower ranking scores associated with low
levels of funding (Aghion et al., 2007). The availability of abundant resources
creates a virtuous circle that allows the concerned institutions to attract even
more top professors and researchers.

Favourable Governance

The third dimension concerns the overall regulatory framework, the compet-
itive environment, and the degree of academic and managerial autonomy that
universities enjoy. The Economist (2005) referred to the tertiary education sys-
tem in the United States as “the best in the world” and attributed this success
not only to its wealth but also to its relative independence from the state, the
competitive spirit that encompasses every aspect of it, and its ability to make
academic work and production relevant and useful to society. The report
observed that the environment in which universities operate fosters compet-
itiveness, unrestrained scientific inquiry, critical thinking, innovation and
creativity. Moreover, institutions that have complete autonomy are also more
flexible because they are not bound by cumbersome bureaucracies and exter-
nally imposed standards, even in light of the legitimate accountability mech-
anisms that do bind them.
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The comparative study of European and U.S. universities mentioned ear-
lier also found that governance was, along with funding, the other main deter-
minant of rankings. “European universities suffer from poor governance, insuf-
ficient autonomy and often perverse incentives” (Aghion et al., 2007). A
subsequent paper reporting on a survey of European universities found that
research performance was positively linked to the degree of autonomy of the
universities in the sample, especially with regard to budget management, the
ability to hire faculty and staff, and the freedom to set salaries (Aghion et al.,
2008). With respect to the composition of university boards, the report con-
cludes that “having significant outside representation on the board may be a
necessary condition to ensure that dynamic reforms taking into account long-
term institutional interests can be decided upon without undue delay.”

The autonomy elements outlined above are necessary, though not sufficient,
to establish and maintain world-class universities. Other crucial governance fea-
tures are needed, such as inspiring and persistent leaders; a strong strategic
vision of where the institution is going; a philosophy of success and excellence;
and a culture of constant reflection, organizational learning and change.

Alignment of Factors

Finally, it is important to stress that it is the combination of these three sets
of features — concentration of talent, abundant funding and appropriate gov-
ernance — that makes the difference. The dynamic interaction among these
three groups of factors is the distinguishing characteristic of high-ranking uni-
versities (as illustrated by Figure 2). The results of the recent survey of Euro-
pean universities mentioned above confirm that funding and governance
influence performance together. They indicate clearly that the higher-ranked
universities tend to enjoy increased management autonomy, which, in turn,
increases the efficiency of spending and results in higher research productivity
(Aghion et dl., 2008). A study of the influence of governance arrangements
on the research output of public universities in the U.S. arrives at the same
conclusion. When competitive research funding is available, the more auton-
omous universities tend to be more successful in producing patents (Aghion
etal., 2009).

Having an appropriate governance framework without sufficient resources
or the ability to attract top talent does not work either. Similarly, just invest-
ing money in an institution or making it very selective in terms of student
admission is not sufficient to build a world-class university, as illustrated by
the case of Brazil’s top university, the University of Sdo Paulo (USP). Brazil is
the 5th-most-populated nation and the 10th-largest economy on the planet,
it is among the six largest producers of cars in the world, it has world-class
companies such as Embraer and Aracruz Celulose, but there is no Brazilian
university among the 100 top-ranked universities in the world.
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Figure 2: Characteristics of a World-Class University (WCU): Alignment of Key
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PATHS TO TRANSFORMATION

Two complementary perspectives need to be considered in examining how to
establish world-class research universities. The first dimension, of an external
nature, concerns the role of government and the resources that can be made
available to enhance the stature of institutions. The second dimension is
internal. It has to do with the individual institutions themselves and the nec-
essary evolution and steps that they need to take to transform themselves into
world-class research universities.

The Role of Government

In the past, the role of government in nurturing the growth of world-class uni-
versities was not a critical factor. The history of the Ivy League universities in
the United States reveals that, by and large, they grew to prominence as a
result of incremental progress, rather than by deliberate government interven-
tion. Similarly, the Universities of Oxford and Cambridge evolved over the
centuries of their own volition, with variable levels of public funding, but with
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considerable autonomy in terms of governance, definition of mission, and
direction. Today, however, it is unlikely that a world-class university can be
rapidly created without a favourable policy environment and direct public ini-
tiative and support, if only because of the high costs involved in setting up
advanced research facilities and capacities.

International experience shows that three basic strategies can be followed
to establish world-class research universities:

e Governments could consider upgrading a small number of existing
universities that have the potential of excelling (picking winners).

e Governments could encourage a number of existing institutions to
merge and transform into a new university that would achieve the
type of synergies corresponding to a world-class research institution
(hybrid formula).

e Governments could create new world-class universities from scratch
(clean-slate approach).

Upgrading Existing Institutions. One of the main benefits of this first
approach is that the costs can be significantly less than those of building new
institutions from scratch. This is the strategy followed by China since the
early 1980s, with a sequence of carefully targeted reforms and investment pro-
grams. Indeed, Beijing University and Tsinghua University, China’s top two
universities, have been granted special privileges by the national authorities,
allowing them to select the best students from every province before any other
university, much to the consternation of the other leading universities around
the country.

But this approach is unlikely to succeed in countries where the governance
structure and arrangements that have historically prevented the emergence of
world-class universities are not drastically revised. A comparison of the experi-
ences of Malaysia and Singapore can serve to illustrate this point. Because Sin-
gapore was initially one of the provinces of the Malaysian Kingdom during the
first few years following independence from the British, the contrasting stories
of the University of Malaya and of the National University of Singapore (NUS)
can be quite instructive, given their common cultural and colonial origins.

At independence, the University of Malaya operated as a two-campus uni-
versity, one in Kuala Lumpur and the other in Singapore. The former evolved
into the flagship University of Malaya from the very beginning, and the other
became the University of Singapore, which merged with Nanyang University
in 1980 to create NUS. By all global ranking measures, NUS today functions
as a true world-class university (ranked 19th by the 2006 THES), while the
University of Malaya struggles as a second-tier research university (ranked
192nd). In examining the different evolutionary paths of these two institu-
tions, several factors appear to be constraining the University of Malaya’s
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capacity to improve and innovate as effectively as NUS: affirmative action
and restrictive admission policies, lower levels of financial support, and tightly
controlled immigration regulations regarding foreign faculty.

The affirmative action policy implemented by the Malaysian government
in favour of the children of the Malay majority population (Bumiputras) has
significantly opened up opportunities for that segment of the population
(Tierney & Sirat, 2008).

But the downside of these equity policies was that they prevented the uni-
versity from being very selective in its student admissions to target the best
and brightest in the country. Large numbers of academically qualified Chinese
and Indian students, in particular, were unable to attend Malaysia’s best uni-
versities and had to seek tertiary education abroad, thereby removing impor-
tant talent from Malaysia. By contrast, the proportion of foreign students at
NUS is 20% at the undergraduate level and 43% at the graduate level.

NUS is also able to mobilize nearly twice as many financial resources as the
University of Malaya (US$205 million annual budget versus US$118 million,
respectively) through a combination of cost sharing, investment revenue,
fund-raising and government resources. The success of NUS’s fund-raising
efforts is largely the result of the generous matching-grant program set up by
the government in the late 1990s as part of the Thinking Schools, Learning
Nation Initiative, which provided a three-to-one matching at the beginning
and is now down to one-to-one. As a result, the annual per student expendi-
tures at NUS and the University of Malaya were US$6,300 and US$4,053,
respectively, in 2006.

Finally, in Malaysia, on one hand, civil service regulations and a rigid
financial framework make it difficult, if not impossible, to provide competi-
tive compensation packages to attract the most competent professors and
researchers, particularly foreign faculty. NUS, on the other hand, is not bound
by similar legal constraints. It is therefore able to bring in top researchers and
professors from all over the world, pay a global market rate for them, and pro-
vide performance incentives to stimulate competition and to retain the best
and the brightest. Indeed, a good number of Malaysia’s top researchers have
been recruited by NUS.

Merging Existing Institutions. The second possible approach to building up a
world-class research university consists of promoting mergers among existing
institutions. In China, for example, a number of mergers have taken place to
consolidate existing institutions. Beijing Medical University merged with
Beijing University in 2000; similarly, in Shanghai, Fudan University merged
with a medical university, and Zhejiang University was created out of the
merger of five universities.

In 2004, in the United Kingdom, the Victoria University of Manchester
(VUM) and the University of Manchester Institute of Science and Technol-
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ogy (UMIST) merged, creating the largest university in the United Kingdom,
with the purposefully stated goal of being “top 25 by 2015” (http://
www.manchester.ac.uk/research/about/strategy/).

The government of the Russian Federation is also relying on amalgamation
as a key policy within its overall strategy of developing elite research univer-
sities. In 2007, two pilot federal universities were set up by merging existing
institutions in Rostov-on-Don in southern Russia and in the Siberian city of
Krasnoyarsk. The two new institutions will also receive additional funding to
support efforts to allow them to recruit highly qualified researchers and equip
state-of-the-art laboratories (Holdsworth, 2008).

The great advantage of mergers is that they can result in stronger institu-
tions able to capitalize on the new synergies that their combined human and
financial resources may generate. But mergers can also be risky, potentially
aggravating problems instead of resolving them.

The newly consolidated institution could suffer because of clashing institu-
tional cultures. It has become clear, for example, that the previously men-
tioned merger between VUM and UMIST has not been as successful as
expected or originally perceived. Currently acknowledging a £30 million bud-
get deficit and the likelihood of up to 400 jobs lost on the campus, the Uni-
versity of Manchester has had immediate experience with the complexities of
merging (Qureshi, 2007). Among the main problems encountered are dupli-
cation of staff and curricular offerings, the political challenges of engendering
support for the merger by making promises that have proven detrimental to
keep, and the short-term absorption of labour contracts and institutional debt.

Creating New Universities. In countries where institutional habits, cumber-
some governance structures and bureaucratic management practices prevent
traditional universities from being innovative, creating new universities may
be the best approach, provided that it is possible to staff them with people not
influenced by the culture of traditional universities and provided that finan-
cial resources are not a constraint. New institutions can emerge from the pri-
vate sector, or governments can allow new public institutions to operate under
a more favourable regulatory framework. One of the earlier success stories in
that respect was the establishment of the Indian Institutes of Technology,
which, in past decades, have gradually risen to world-class status.

Kazakhstan is a country intent on following this path as it seeks to make its
economy less dependent on oil and more competitive overall. The govern-
ment has decided to set up a new international university in Astana. The plan
is that this university will follow a highly innovative multidisciplinary curric-
ulum designed in cooperation with leading foreign universities. In the same
vein, the government of Saudi Arabia announced in late 2007 its plans for a
US$3 billion graduate research university, King Abdullah University of Sci-
ence and Technology, which would operate outside the purview of the Min-
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istry of Higher Education to allow for greater management autonomy and aca-
demic freedom than the regular universities of the kingdom enjoy.

Time is an important dimension that also needs to be factored into the stra-
tegic plan of any aspiring world-class university. However, governments are
often under pressure to show immediate results, running the risk of taking pre-
cipitous decisions and overseeing the fact that the establishment of a strong
research university is a long-term process. Building ultra-modern facilities
before adequately defining programs, curricula and pedagogical practices that
are fully aligned or hiring star researchers from overseas without matching
them with a critical mass of national faculty are common mistakes. Develop-
ing a culture of excellence in research and teaching does not happen from one
day to the next, it requires proper sequencing of interventions, careful balance
among the various quantitative and qualitative objectives of the project, and
a long-term view.

The creation of new institutions may have the side benefit of stimulating
existing ones into becoming more responsive to the global competitive envi-
ronment. In several countries, the emergence of high-quality private institu-
tions has provoked the existing public universities into becoming more stra-
tegically focused. In Russia, for example, the creation of the Higher School of
Economics and of the Moscow School of Social and Economic Sciences in the
1990s pressured the Department of Economics at the State University of Mos-
cow to revamp its curriculum and get more actively involved in international
exchanges.

Strategies at the Institutional Level

The establishment of a world-class research university requires, above all,
strong leadership, a bold vision of the institution’s mission and goals, and a
clearly articulated strategic plan to translate the vision into concrete targets
and programs. Universities that aspire to better results engage in an objective
assessment of their strengths and areas for improvement, set new stretch goals,
and design and implement a renewal plan that can lead to improved perfor-
mance. By contrast, many institutions are complacent in their outlook, lack
an ambitious vision of a better future, and continue to operate as they have in
the past, ending up with a growing performance gap compared with that of
their national or international competitors.

Recent research on university leadership suggests that in the case of top
research universities, the best-performing institutions have leaders who com-
bine good managerial skills and a successful research career (Goodall, 2006).
To be able to develop an appropriate vision for the future of the university and
to implement this vision in an effective manner, the university leader needs
to fully understand the core agenda of the institution and be able to apply the
vision with the necessary operational skills.
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A crucial element of the vision is the selection of niche domains of research
toward which the institution will seek to build and maximize its comparative
advantage. In that respect, it is important to underline that a research univer-
sity — even a world-class university — most likely cannot excel in all areas.
Harvard University, widely recognized as the number one institution of higher
learning in the world, is not the best-ranked university in all disciplines. Its
strengths are especially noted in economics, medical sciences, education,
political science, law, business studies, English and history.

CONCLUSION

The highest-ranked universities are the ones that make significant contribu-
tions to the advancement of knowledge through research, teach with the most
innovative curricula and pedagogical methods under the most conducive cir-
cumstances, make research an integral component of undergraduate teaching
and produce graduates who stand out because of their success in intensely com-
petitive arenas during their education and (more important) after graduation.

There is no universal recipe or magic formula for “making” a world-class
research university. National contexts and institutional models vary widely.
Therefore, each country must choose, from among the various possible path-
ways, a strategy that plays to its strengths and resources. International experi-
ence provides a few lessons regarding the key features of such universities —
high concentrations of talent, abundance of resources, and flexible gover-
nance arrangements — and successful approaches to move in that direction,
from upgrading or merging existing institutions to creating new universities
altogether.

Furthermore, the transformation of the university system cannot take place
in isolation. A long-term vision for creating world-class universities — and its
implementation — should be closely articulated with (a) the country’s overall
economic and social development strategy, (b) ongoing changes and planned
reforms at the lower levels of the education system, and (c) plans for the
development of other types of tertiary education institutions to build an inte-
grated system of teaching, research and technology-oriented institutions.

Finally, the building pressures and momentum behind the push for world-
class research universities must be examined within the proper context to
avoid over-dramatization of the value and importance of world-class institu-
tions and distortions in resource allocation patterns within national tertiary
education systems. Even in a global knowledge economy, where every nation,
both industrial and developing, is seeking to increase its share of the economic
pie, the hype surrounding world-class institutions far exceeds the need and
capacity for many systems to benefit from such advanced education and
research opportunities, at least in the short term.
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INTRODUCTION

nnovation has become the buzzword of the 21st century and even more so

now after the current economic meltdown, as nations around the world

have the enormous task of rebuilding their economies. It is generally
agreed that innovation refers to the process of converting an idea, invention
or scientific discovery into commercially or publicly successful products, pro-
cesses, services or systems that improve the way we do things.

Societal needs often spark innovation. Today, job creation, economic
growth and solutions to urgent problems related to energy, environment,
water and sustainability (EEWS) require innovative solutions. Some of the
needs for innovation are common to all nations, but specific issues entailed in
these problems can be regional in scope.

Innovation is particularly imperative to the future economic and social
health of the industrialized nations of Asia. Except for China, these nations
have limited natural resources. Their economies have depended on the export
of manufactured goods, including ships, cars, steel, semiconductors, computers
and television sets. Their trade surplus over the past decade is a testimony to
their global dominance in manufacturing. Yet, these countries did not invent
or innovate many of the products for which they are known. Rather their
competitive strengths are derived from the quality of their products and man-
ufacturing technologies.

This paper reviews the current status of innovation and innovation-related
activities in China, Japan and Korea, with a greater emphasis on Korea. This
paper will dissect the innovation strategies, identify important issues that affect
innovation and discuss possible means of strengthening the innovation process.
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There are many questions related to innovation we should answer. In order
to provide a common metric for understanding innovation strategies and pro-
cesses, innovation strategies will be discussed based on a theory of innovation
in order to provide a generalized conceptual framework (Suh, 2009).

NATURE OF INNOVATION

The literature on innovation is rich with historical examples, case studies, ad
hoc claims, and generalizations (OTA, 1984; Drucker, 1985; Utterback, 1996;
Branscomb et al., 2001; Gray, 2004; Nelsen, 2005, Scotchmer, 2006; Welfens
etal., 2008).

To understand the nature of innovation, we need to answer some basic
questions, such as:

e Why aren’t there innovation hubs in Kansas City, Missouri, USA?

e Why are there only a few innovation hubs in the world?

e Why aren’t there major innovation hubs — similar to those in the Sil-
icon Valley or Boston, U.S. — in Europe and Asia?

e What do we have to do create an innovation hub?

e What should educational institutions do to generate people who can
innovate?

The ability to innovate depends on many specific factors, such as GDP,
GDP per capita, expenditure for R&D, the state of industrial development,
the quality of education, cultural tolerance for risk taking and politics. How-
ever, innovation is not a result of a random process, although sometimes they
follow an unpredictable path. Depending on how it is done, the effectiveness
and efficacy of R&D investment in creating disruptive innovations can vary
between different nations and even between different regions of a country.
This paper will attempt to answer the questions posed above and generalize
the requisite conditions for innovation based on the three laws of innovation

(Suh, 2009).

THREE LAWS OF INNOVATION

The theory of innovation (Suh, 2009) states that there are three laws that
govern the innovation process. These laws are based on the three requisites
that are essential in innovation processes: innovation continuum, nucleation
of innovation hubs (or equivalent entity) and the dominance of the nucle-
ation rate over the diffusion rate.

The three laws of innovation are stated as follows:

The First Law: For innovation to occur, there cannot be any missing steps or ele-
ments in the innovation continuum.



Chapter 19: On Innovation Strategies: an Asian Perspective 291

The Second Law: Innovation occurs more readily around an innovation hub,
which nucleates when sufficient innovation activities are present to create a nucleate
that is larger than the critical size needed for stability and to overcome the activation
energy barrier for innovation.

The third law: For innovation hubs to nucleate, the nucleation rate of innovation
in a region must be greater than the rate at which innovative ideas, people and finan-
cial resource can diffuse or move away from the region.

BASIS OF THE INNOVATION LAWS

Definition of Innovation Continuum?

An innovation is a result of undertaking many steps or activities. Initially
there may be many ideas for research or many inventions, one of which ulti-
mately becomes a successful innovation (in the form of product, process, sys-
tems and service). The essential steps are different depending on the nature of
innovation, but some of the common steps may be listed as follows (Suh,

2009):

Identification of the need.

Basic research.

Creation of ideas.

Demonstration of the feasibility.

Testing of commercial viability.

Finding an “angel” who will be willing to fund #4 and #5.

Raising venture capital or finding a large company that is willing to

develop the idea.

8. Creation or identification of a venture company that can manufac-
ture and sell the product.

9. Hiring talented people for all functions the company must perform.

10. Raising capital for the new venture firm through initial public offer-
ing.

11. Selling of the venture company.

~N O\ =

These (or equivalent) steps form an innovation continuum from the incep-
tion of an idea to its transformation to commercial products. Some of these
steps may not be required when it is done in a large company. When one or
more of the essential steps of the innovation continuum are missing, the prob-
ability of success for innovation decreases significantly.

When the first law of innovation regarding the innovation continuum is
not satisfied, innovation cannot proceed. Even after the first law is satisfied,
the second law of innovation, which deals with nucleation of an innovation
hub, must also be satisfied.
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Nucleation of Innovation Hubs

The fact that all the steps of the innovation continuum are in place does not
guarantee the nucleation of an innovation. The existence of an innovation
continuum is necessary, but it is not sufficient. Innovation occurs more readily
if there is an existing innovation hub or a large industrial complex that is will-
ing to develop new ideas. For example, Boston is an innovation hub for bio-
tech. It is easier to start a biotech company in Boston than elsewhere. The
large shipbuilding industry of Korea can also be an innovation hub for marine-
related products.

One way of enabling innovation is to nucleate an innovation hub. Another
way is to induce a heterogeneous nucleation around an existing innovation
hub. Heterogeneous nucleation of innovation around an existing hub, a la Sil-
icon Valley, is much easier than homogenous nucleation of a new hub.

In the absence of a pre-existing innovation hub, an innovation hub must
be established first through homogenous nucleation. Once an innovation hub
exists, heterogeneous nucleation of new innovations can occur around the
existing hub. When there is a large industrial base, it can act as a hub and het-
erogeneous nucleation of innovation can occur around the industry.

The nucleation of innovation hubs is analogous to the nucleation of rain
droplets in the atmosphere. When rain droplets form by condensation of water
vapour in the absence of any existing particle, it is called homogeneous nucle-
ation. When there are particles, such as previously nucleated water particles
or impurity particles in air, the condensation forms around the existing parti-
cle by heterogeneous nucleation. Heterogeneous nucleation on an existing
particle is energetically more favoured. Therefore, heterogeneous nucleation
occurs at a higher rate than homogeneous nucleation.

For homogeneous nucleation to occur, the nucleated entity (e.g., a water
droplet formed from the vapour phase) must be larger than a critical size to be
stable. If it is smaller than the critical size, the nucleate will go back to its orig-
inal state, i.e., a water droplet smaller than a critical size evaporates back to
vapour. It is difficult to nucleate an innovation hub with only a limited num-
ber of innovations. It is much easier if there are tens or hundreds of ideas and
activities available for innovation.

When a nucleate formed is larger than the critical size, it grows because the
vapour condenses by heterogeneous nucleation on existing droplets rather
than nucleating a new droplet. This process makes the nucleate that formed
first grow faster than the one formed later. This is the reason why it is easier
to nucleate an innovative idea around an existing hub rather than homoge-
neously nucleate a new one.

This discussion on homogeneous versus heterogeneous nucleation implies
that once China, Japan and Korea form innovation hubs, the subsequent
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innovation processes in these countries will accelerate. In other words, it is
difficult to get the innovation hub started, but once it is established, it is fairly
easy to sustain the generation of innovations by heterogeneous nucleation.
Then the number of innovations may explode exponentially, increasing new
innovations.

To better understand the innovation process, the nucleation rate of inno-
vations may be modeled as a rate equation:

dl _ | fex (—A_G)
de = 1P (bR
where I is occurrence of innovation, t is time, the product | of is a constant
with a dimension of “innovation per unit time”, AG is the activation energy
that needs to be overcome to innovate, and the product bH is a constant that
represents the overall energy of innovation activities. The exponential func-
tion represents the probability of creating an innovation. AG of homoge-
neous nucleation is larger than that of heterogeneous nucleation, indicating
that the creation of new innovation hubs is inherently more difficult than a
heterogeneous nucleation on an existing site. Based on this rate model and an
energy argument, we can show that there is a critical size of a nucleate below
which the innovation hub cannot form.

The second law of innovation may be stated as follows:

The rate of innovation is greater when there are more innovative activities that can
overcome the activation energy barrier for innovation. (Corollary: Innovation
occurs more readily around an innovation hub, which nucleates when the initial
nucleate size exceeds the critical size needed for stability and if the innovative activi-
ties can overcome the activation energy barrier.)

Diffusion of Innovative Ideas vs Nucleation of Innovation

Once an innovation hub exists, it tends to grow as new innovative ideas from
other regions, as well as from the near-by regions, diffuse to the site and nucle-
ate by heterogeneous nucleation. Ideas and people with innovative ideas can
move to an existing hub rather than nucleating a new innovation hub. There-
fore, there is a competition between homogeneous nucleation of an innova-
tion hub and the diffusion of ideas and people away from a region with no hub
to an existing innovation hub. That is the reason why it is difficult to create
new innovation hubs like Boston. About 50% of the revenue of Silicon Valley
companies is from Stanford spin-off companies, but, of more than 1,000 com-
panies that were spun-out from Stanford University, only one out of 20 com-
panies used the technologies that came out of Stanford. Many ideas came to
Silicon Valley from other regions (Byer, 2006).

In Asia, there are no innovation hubs that are equivalent to Boston or Sil-
icon Valley. Unless nations in Asia can create innovation hubs or provide an
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equivalent site for heterogeneous nucleation, people with innovative ideas
will emigrate to California or Boston.

In countries where large companies dominate the industry and control a
large fraction of GDP, it is sometimes much more difficult for entrepreneurs
to establish innovative companies. In these countries, creative people work
for a large company that provides job security rather than start their own busi-
ness or work for new venture firms.

The third law of innovation may be stated as follows:

To nucleate an innovation hub in a given region, the nucleation rate of innovation
in the region must be greater than the rate at which innovative ideas, creative people
and financial resources can diffuse away from the region to an existing hub.

MANUFACTURING, ECONOMY AND INNOVATIONS IN ASIA

During the past several decades, four Asian nations — Japan, Korea, Taiwan
and China —have successfully developed their national economies by manu-
facturing well-established products competitively in large volumes for the
worldwide market. To become major manufacturing nations, they have
adopted and improved existing technological paradigms and methods rather
than innovating new products or systems that are uniquely of their own.

In 2009, people in countries across the world are living in uncertain times
because of the unprecedented and largely unanticipated global economic tur-
moil. Asia is no exception. The current economic crisis poses opportunities as
well as risks for China, Japan and Korea. Their ability to innovate will affect
the future development and competitiveness of these countries, which will
augment their traditional strength in manufacturing.

The overall impact of the current economic downturn appears to be milder
in Asia than in the United States. Nevertheless, it has had major impact on
economies of the Asian countries. China has lost 20 million jobs and its
unemployment rate in 2008 reached 9.0%. In January 2009, its export
decreased by 17.5% year-on-year to US$90.45 billion and its imports by
43.1% to US$51.34 billion. Korea has lost jobs as well, although to a less
extent than many other countries; its unemployment rate in February 2009
was 3.5%. The Korean currency had lost as much as 60% of its value relative
to the U.S. dollar within a few months upon the collapse of the stock market.
Since then, it has recovered; as of June 2009, it is down about 25%. The
depreciation of the Korean currency has improved the global competitiveness
of Korean products. In December 2008, exports from Korea fell 17.4% to
US$27.29 billion, while imports dropped 21.5% to US$26.62 billion. On the
other hand, the Japanese currency appreciated in value, which has devastated
their export industry. Its industrial production decreased by 30.1% from
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January 2008 to January 2009. The unemployment rate in Japan stood at
4.1% in January 2009. All three countries are trying to revive their economy
by injecting liquidity into their banking systems, increasing domestic con-
sumption and the export of goods, creating jobs and stabilizing the real estate
market.

Innovation has been a hot topic in Korea. In 2008, the Korean government
created a planning commission (chaired by the author) to identify technolo-
gies and industries that could become “new economic growth engines”. Some
360 experts participated in the planning exercise and identified 21 technolo-
gies. In September 2008, the government adopted 17 of these fields as the pri-
ority areas for R&D investment by the public and the private sector.

Two of these projects — On-Line Electric Vehicle (OLEV) and Mobile
Harbor (MH) — are being led by KAIST. These products may become para-

digm-shifting major innovations, if successful.

STATUS OF INNOVATION IN KOREA, JAPAN AND CHINA

China, Japan and Korea are similar in that they do not have innovation hubs.
However, there are significant differences amongst them in terms of GDP per

capita, R&D investment, technological levels and political structure (OECD,
2008).

Korea

Korea is a leading nation in many industrial sectors: shipbuilding, DRAM, cell
phones, LCD displays, automobiles, desalination, nuclear power plants and
steel. Its IT infrastructure is one of the most advanced among all nations. Yet
Korea cannot claim to be one of the most innovative countries in the world.

The relative lack of innovation in Korea cannot be attributed to its R&D
spending. In 2007, Korea invested 3.47% of its GDP in R&D, the public sec-
tor expenditure being 26.1% of the R&D investment. In 2008, about 5% of
the government budget was for R&D. As a percentage of its GDP, its R&D
spending is about the same as Japan, and its educational spending per capita
is comparable as well, although its GDP per capita is substantially less than
that of Japan and much larger than that of China. Korea is increasing its R&D
budget at a higher rate than many other countries. What Korea has to do is to
increase the rate of innovation for the R&D investment made.

The Korean government has invested a significant amount of R&D funds
in national laboratories and universities, and has created Science Park in Dae-
jeon City, which is home to some 30 national laboratories, about an equal
number of industrial research laboratories and KAIST. The Daedeok Science
Park and its adjacent area have several thousand Ph.D.s. The question is why
this area has not become an innovation hub.
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The government has invested US$3 to US$4 billion per annum in the
national laboratories in the Daejeon Science Park. This investment is compa-
rable to the R&D investment made in the greater Boston area of the U.S. by
the U.S. National Institute of Health (NIH), which was about US$ 2 billion
in 2005 (Nelsen, 2005). This annual NIH investment has created about
350 biotech firms and 150 medical device companies in the Boston area. They
employ about 30,000 people. The market cap of the top ten biotech companies
was about US$85 billion in 2005. However, the comparable investment made
in the Daejeon area has not yielded a comparable degree of innovations and
financial returns. Why is there the difference between Boston and Daejeon?

The difference between Boston and Daejeon may be attributed to the fact
that Boston satisfies the three laws of innovation, whereas Daejeon does not.
Unlike Boston, Daejeon has many missing elements in its innovation contin-
uum such as venture capital firms, easy access to the global market and global
visibility. It has a limited number of venture capitalists and risk-takers who are
willing to convert research results into innovations. Also the research insti-
tutes in the Daedeok Science Park might have chosen research projects to
increase the number of publications rather than choosing challenging topics
that address real societal needs. Also the R&D funding is too fragmented
among different research institutes, supporting many small and diverse
projects rather than developing systems solutions to satisfy real societal needs.
Therefore, for Daejeon to become an innovation hub, it must fill in the miss-
ing steps of the innovation continuum and create innovative activities that
can overcome the activation energy barrier for nucleation.

In education, which provides the basic foundation for innovation, Korea
has been investing heavily and has done well (for example, Korean high
school students rank near the top in math and science in the world.) In 2008,
the Korean government spent 20% of its budget on education — 11% of
which was for tertiary education and 88% for K-12 education. More than 84%
of high school graduates go on to colleges and universities in Korea, which is
just the inverse of the situation in Switzerland (Eichler, Chapter 8). Korea’s
K-12 educational system has been criticized for focusing too heavily on pre-
paring students for college entrance examinations. Nearly 50% of Korea’s
investment in education is for private tutoring and cram schools.

In 1972, the Korean government created the Korea Advanced Institute of
Science and Technology (KAIST) to educate scientists and engineers with
advanced degrees to augment its investment in heavy industries. KAIST is
now the leading university in Korea and is ascending in the ranking of world’s
best universities. Its engineering program was ranked to be the 34th in the
world by the London Times supplement in 2008. KAIST has outstanding pro-
fessors and excellent students. About 70% of KAIST students come from the
20 “Science High Schools” of Korea, which collectively produce about
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2,000 graduates a year — academically the top 0.1% of all high school gradu-
ates. It also accepts nearly all of the graduates (about 140 a year) of the Korea
Science Academy, known as the high school for genius. KAIST’s Ph.D.s pop-
ulate leading industrial firms and universities. KAIST is the home for many
innovations such as humanoid robots, new materials, IT products, and others.
To innovate major products and advance science and technology, KAIST has
established internal research funds entitled “HRHR” (high risk, high return)
to enable faculty members and graduate students to conduct preliminary
research on innovative ideas and secure intellectual property rights (IPR)
before they seek outside support. KAIST also funds innovative research in the
fields of EEWS (energy, environment, water and sustainability). KAIST is
developing electrical cars — OLEV — that receive electric power from an
underground cable. It is also developing a mobile harbor — MH — that will
eliminate the need for major harbors, reduce the ground transport systems,
and decrease the environmental damage caused by trucks.

Korean educational institutions may become more competitive in the
future because of the recent reforms made at KAIST. KAIST has instituted
major changes, including the strict tenure system for faculty, tuition for stu-
dents with low grade point average, and evaluation of faculty performance by
experts from both inside and outside Korea. KAIST measures the performance
of its faculty based on the impact made by research rather than the number of
publications. KAIST promotes “bi-modal thinking” — the ability to think
both in the domain of synthesis and analysis. To achieve this goal, a design
course is required of all freshmen. KAIST has also launched the Renaissance
Ph.D. Program that consists of two years of design of complex systems, fol-
lowed by three years of analysis of the systems they designed. KAIST will
become all English-instruction campus in 2010. Some of the universities in
Korea are following KAIST’s lead, instituting similar reforms.

Japan

Japan is the most technologically advanced nation among the four Far East
Asian nations. Its economy is the second-largest in the world and has domi-
nated many areas of manufacturing technologies. Japan supplies many key
components to industrial firms in Korea, China and other countries.

Rather than being the first to innovate, Japan’s forte has been improve-
ments on major innovations first introduced in other countries. Japan has
made many studies on Japan’s innovation and innovation strategies (e.g.,
National Research Council, 1999). Like Korea, Japan has also invested
heavily in national laboratories, with mixed results. To improve the perfor-

mance of national laboratories, Japan merged 26 of the laboratories and estab-
lished the Advanced Institute of Science and Technology (AIST). Their goal
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is to innovate new technologies that are far more advanced than current
industrial technologies.

The Japanese higher education system consists of public and private uni-
versities, similar to the situation in the U.S. and Korea. National universities
have been controlled by the government ministries and are highly regulated.
Professors in these national universities are civil servants. To make universi-
ties more competitive and innovative, Japan is in the process of privatizing its
national universities. However, to make Japanese universities more competi-
tive, they may have to change their R&D funding system to concentrate their
major R&D investment in a limited number of carefully selected universities
on a long-term basis. They may also have to change the system of university
governance to make it more flexible and adaptable.

A committee on Japan’s Innovation Strategy states the following (Doyukai,
2006): “One main factor that is impeding Japan’s ability to innovate is its rigid
social structure which deters change, a side effect of Japan’s successful post-
war economic revival. Another factor is Japan’s homogeneous society, which
resents those who stand out and is at the root of an often closed and jealous
mind-set.” The committee recommended the following three strategies for
building a society that encourages innovations:

1. The first strategy is to build an open society.

2. The second strategy is to build a diverse society.

3. The third strategy is to build an attractive society that people can be
proud of.

In terms of the three laws of innovation, Japan may have all the elements
that constitute the innovation continuum. However, at a local level, the
innovation continuum may have missing steps. Also the activation energy for
nucleation of innovation hubs may be too large.

China

China is one of the most rapidly developing nations in the world — with a
huge market and large human resources. It is the third largest economy and
the leading manufacturer of a variety of products in the world. Its lower-cost
manufacturing operations modulate the price of many manufactured goods
throughout the world, which has deterred many countries from investing in
manufacturing. Its large trade surplus vis-a-vis the United States attests to the
fact that China has become the factory of the world for many manufactured
products.

China is different from Japan and Korea in that its political system is total-
itarian, albeit with a healthy tolerance for capitalistic business practices. Its
political system will enable it to make major investments in capital-intensive
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businesses that may not yield short-term returns, but enhance its long-term
competitiveness. However, its power may be too centralized with limited flex-
ibility. The R&D expenditure is less than those of Japan and Korea, but its
rate of increase is about six times that of Japan and three times that of Korea,
indicating that China’s R&D expenditure will eventually reach parity with
Japan and Korea.

Many foreign companies have set up their R&D Ilaboratories (e.g.,
Microsoft) in China to make use of the well-educated human resources avail-
able at still-reasonable costs. Expanding R&D activities in China makes sense
not only because of the labour pool, but also because many potential custom-
ers for these products are in China.

Despite this rapid advancement, innovation in China seems to be years
away (comparable to that of Korea 15 years ago) since it is mainly interested
in manufacturing products that have well-established markets. However, the
situation could suddenly change if China takes advantage of its large foreign
exchange to make massive investments in select areas of technology.

FUTURE PROSPECTS: INNOVATION POLICY IN KOREA

Korea needs to strengthen the innovation process at both the institutional
and the individual level. Korea’s ability to innovate is impeded by political,
organizational and financial factors. Modifying incentives for innovation and
strengthening the reward system to allow risk-taking can remove or counter-
act these impediments. Korea needs to modify its onerous auditing system,
which was instituted to make all organizations supported by taxpayers more
transparent, but now discourages risk-taking and hampers innovation.
The policies that should be reviewed are as follows:

1. The Korean government should devise fiscal and monetary policies
so as to provide financial incentives for risk-taking and innovation.

2. National laboratories should be made more productive by encourag-
ing them to create large systems solutions that satisfy societal and
industrial needs.

3. Korea should establish an “Innovation Policy”, in addition to its
R&D policy.

4. The public sector’'s R&D resources should be used to solve major
problems that can have significant societal and economic impact in
the 21st century.

5. The Korean government should entice foreign venture capitalists to
Korea for the purpose of promoting innovation and opening up the
global market for innovative products.
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CONCLUSIONS

1. The three laws of innovation are useful in assessing what each coun-
try must do to increase its rates of innovation. Each country should
re-examine their innovation policies to be sure that they satisfy
these laws.

2. Major industrialized nations of Asia, i.e., China, Japan, Korea and
Taiwan, have done well in well-established industries, but they are
lacking in producing major innovations, perhaps because they do
not have major innovation hubs.

3. To spur economic growth in the 21st century, Korea must foster
major innovations through reforms of its education systems, more
investment in new ventures, and changes in R&D culture to encour-
age independent and creative thinking.

4. Asian countries should analyse their innovation continuum to identify
missing elements. The current economic turmoil should be viewed
as an opportunity to take more calculated risks, conduct creative
research and reward innovations.

5. All four Asian nations should have policies of providing a home for
innovative ideas and people in their country and encouraging immi-
gration of creative people from other nations. At the same time,
these nations should deploy policies that will discourage innovators
from leaving their country. It must provide a living environment for
high quality of life, including strong educational infrastructure and
health care.
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CHAPTER

BILDUNG and Innovation —
a contradictio in adjecto for
today’s university education
in a globalized world?

Dieter Lenzen

TWO PERSPECTIVES ON THE THEME

do think that the terms Bildung and innovation can be contradictory, at

I least they express the inner conflict felt by a person, who is responsible for

change in an institution — the university — and therefore for innovation

and, at the same time, knows how frequently and in what manner this task has
been deliberated in the history of the philosophy of education.

To begin with, we must be clear about the three terms that were given to

me and which are mentioned in the title of my talk: Globalization, Innovation

and Bildung.

CLARIFICATION OF TERMS

Globalization

Globalization refers to the interaction of four macrostructural developments,
the effects of which have increased exponentially since the 1980s .

1 These notes on globalization are closely based on our presentation in the 2008 year
book of the Action Committee for Education (Aktionsrat Bildung): vbw — Vereinigung
der Bayerischen Wirtschafts e.V. (Ed.): Blossfeld, H.-P.,, Bos, W., Lenzen, D. (Chair),
Miiller-Béling, D., Prenzel, M., W&Bmann, L.: Bildungsrisiken und -chancen im Global-
isierungsprozess. (Wiesbaden 2008.)
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e The increasing internationalization of the financial, product and
labour markets. This development leads to new forms of division of
labour across country boundaries with related employee require-
ments.

e The internationalization of markets implies stronger competition
between countries, all competing to be the most favoured locations.
This competitive development leads to extended forms of liberaliza-
tion, privatization and deregulation, the educational sectors included.
For an individual, this development implies above all stronger com-
petitive pressures. Competitors in the labour market are no longer
people with the same qualification in the same country, but all equally
qualified citizens in all countries of the world.

e The globalization of markets is facilitated and indeed in some cases
made possible by the erratic progress in new information and commu-
nication technology. The resulting opportunities imply, at the same
time, the requirement that individuals are able to cope with and
exploit these new technologies.

¢ The globalization of markets also implies a higher economic instabil-
ity and vulnerability for the countries where businesses are located.
The most extreme expression of this can be found in the current
financial crisis, the worldwide effects of which are not yet predictable.
Nevertheless, in terms of structure, the likely results are an increase in
aggression and social adversity and an accelerated loss of values.

These four developments have had empirically observable consequences in
the international comparison of educational systems. This phenomenon is
referred to as “mass education” (cf. Meyer, Ramirez & Soysal 1992). The rap-
idly emerging commonalities between educational systems are remarkable, for
instance: state educational administration, professional training of teaching
staff and quality control procedures. High cost educational programs in the
university sector, such as “Erasmus” for the international exchange of students
and teaching staff, “Leonardo da Vinci” for connecting universities and busi-
nesses, or “Tempus” for supporting and peripheral measures in the European
higher education systems, have led to an accelerated standardization, at least
inside Europe, which has culminated in the Bologna Process.

In the light of globalization, the challenges for the development of individ-
uals are to be found in the requirement for certain qualifications and behav-
iours, for which the university sector is not currently prepared, especially not
after the Bologna reforms. These requirements are, inter alia, that:

® Young people must learn to replace their heuristic behaviour, that is
acting spontaneously according to whatever pops into their head,
with rational, strategic action.
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Young people must learn to deal with ambiguities, i.e. both to develop
a kind of perceptive filter for apparent uncertainty and to be able to
deal with incertitude.

Young people must learn to think about the future, even when it
seems unpredictable.

Young people must learn to cope with the feeling of not having suffi-
cient information themselves, which results from the plethora of
information around them.

Young people must learn that blind trust in opinions expressed in pub-
lic spaces, such as experts’ opinions, Wikipedia and political promises,
should be called into question.

Young people must find a reasonable balance between keeping
options open in the face of growing uncertainties and making sustain-
able personal decisions, both in the private space of social relation-
ships and in relation to training and occupation.

Universities, therefore, have the task of transforming the tendency to vol-
atility of individual behaviour, and thus the tendency to generate further indi-
vidual uncertainties, into an ability to exploit uncertainty within the global-
ization process, as an opportunity to develop an individual biography (or
career). This depends on young people learning:

To act rationally despite uncertainties, i.e. to calculate uncertainty, to
weigh up personal actions, to rely on intuition only when it is based
on experience, to develop an ability to make personal judgments and
to be prepared to make individual decisions.

Young people need a “stable awareness of instability”. Young people
must be aware of all these uncertainties and still attempt to make
judgments, to check information themselves, to collate new informa-
tion and to be prepared to make conscious decisions and to correct
them latterly, where necessary.

The pre-condition for all this is — more than ever before — that
young people in the university learn to act and to judge from a firm
knowledge base. They need a solid knowledge of circumstances,
knowledge of serious sources of information and of advisory institu-
tions, knowledge of how decisions are made in other cultures and
knowledge of appropriate strategies for taking decisions.

Besides knowledge, young people in a university need training to avoid
thinking linearly, but instead to act according to objectives and training
in how to structure these objectives. They need to be able to analyse
their own situation, should be prepared to evaluate their own behaviour
continually and to step over their own shame-threshold, which pre-
vents them from discussing their uncertainties and insecurities.
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Innovation

[ belong to the advisory board of an organization, the German Innovation Indi-
cator, which is run by the Deutsche Telekom Trust and the Federation of Ger-
man Industries (BDI). (See: www.innovationsindikator.de and www.telekom-
stiftung.de/innovationsindikator) The German Institute for Economic Research
(DIW Berlin) uses a basis of 180 indicators to calculate annually for us the inno-
vation performance of Germany in comparison with other countries. These are
weighted and integrated to produce a complex model. A look at the individual
indicators shows that different sub-systems of society must be considered in order
to describe the innovative performance of each country: besides the economic
system (with components such as funding, market demand, transformation of
ideas into products, networks etc.), there is the political system (with compo-
nents such as regulation and competition), the communication sub-system (with
the main components of societal innovation climate, including for instance the
innovation-friendly demands of consumers), and above all the education system
(with the components research, development and training).

Do we now know what innovation is? When [ look at the colourful bro-
chures of innovation propagandists, I see pictures of Google, wind farms and
digital cameras. Certainly, these are gigantic drivers of consumption, but what
is innovative about them? Windmills existed in antiquity, the search for infor-
mation can be answered through good old library catalogues and classic cam-
eras such as Hasselblad still cannot be beaten by digital cameras.

No, I see innovation as something quite different, as something often
referred to as “thinking outside the box”. Thus the Pythagoras Theorem was
an innovation, the concept of Zero, the number Pi, the Theory of Relativity
and the discovery of DNA. In the area of the social sciences, the “contrat
social” of Rousseau, Adam Smith’s The Wealth of Nations, the invention of
paper money, the introduction of double entry bookkeeping by Luca Pacioli
or the concept of shares developed by the “Oostindische Companie”. Not all,
but some of these innovations were developed in universities and there could
possibly have been more, if more freedom of thought had been allowed for
from the start.

The people who can achieve such things are talented; they discover something
before others, conceive of new combinations of old concepts and develop pat-
terns, through which and in which others see nothing, people who are obsessed
by their search, according to the formula: 95% perspiration, 5% inspiration.

It is noticeable that when we talk about innovation, we are speaking about
only one section of the up and coming university generation, whose require-
ments we have described in the context of the clarification of the term global-
ization. The young people, who really will develop these innovations, i.e. sci-
entific breakthroughs, are people with unique intelligence, curiosity and
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interest, broad knowledge, optimism and perseverance and the luck to be in a
social environment where innovation is appreciated and promoted. It is not
easy to describe how such talents can be promoted and supported, as most
determinants remain unknown. As well as knowledge, intelligence and perse-
verance, something else is required, which our universities after Bologna can
barely offer, that is: the time to play, the time for day-dreaming and fantasy,
the possibility of searching for solutions, the preparedness of the university to
respect unusual ideas and not to ridicule them, the determination not to
accept authority without question (and a number of further “dos and don’ts”).

Bildung

The tasks of the university as set out in the context of the clarification of the
terms “globalization” and “innovation” did not sound as though they could be
implemented by a “teaching engineer”. However, that is exactly the misun-
derstanding of university teaching and learning, which lies at the heart of the
Bologna Process and many other tertiary education reforms across the world.
It is assumed that the demands of innovation and globalization are categori-
cally new and that they therefore require totally new forms of teaching and
learning. We have arrived at the clarification of the term Bildung.

The assumption that reality today is fundamentally different from the time
when universities were first conceived is false. That is not to say that the same
framework of conditions exists now and that everything can carry on as it did
at the time of Humboldt.

In 1963 the German sociologist Helmut Schelsky argued, in his famous
book Einsamkeit und Freiheit (“Solitude and Freedom”), that the obligation of
the university was to educate for world citizenship, which was not commonly
accepted 45 years ago. He wrote:

Real cosmopolitan citizenship means that an individual in our contemporary situa-
tion must connect his personal, spiritual and cultural striving for perfection with the
economic, technical, social, political and cultural development of those societies and
cultures, which will come together in a unified civilization on the world’s horizon.
The eradication of cultures, which is connected with this, will not spare our own cul-
ture, and to preserve it would mean to stifle future development. Only when we take
the word “world” seriously in a totally realistic sense, can we express our educational
assignment with the words of Wilhelm von Humboldt, who wrote to his wife on
9th October 1804: Whoever, when he dies, can say: I grasped as much of the world
as I could and transformed it into my humanity, has fulfilled his task. .. In the higher
sense of the word, he has lived — and it would be folly to undermine life with a an
ulterior purpose. (Loose translation from Schelsky, 1963, p. 294.)

With this reference to the classic ideal of the German university, Schelsky
reminds his readers — that was already taking place — that the university offers
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a chance to deal with the challenge of — what we now call — globalization,
even for those who plan to follow a non-scientific career. This is connected to
an attitude, to scientific scholarship, which is close to the concept mentioned
above, “thinking outside the box”. It is more than the education of talented
people, who have innovative abilities — they must also have the attitude of sci-
entific scholarship, dedication and devotion to the object of analysis, cool-
headed analysis, the quest for alternative solutions, self-criticism and much
more, which leads to the development of key qualifications for coping with life
under the conditions of globalization and the expectations of innovation.

Is this expectation at all justified? Has the concept of scientific, university
education been proven to be the best form of general education? Was it not sci-
entists, who were trained in top universities — as we would say today — who
carried out human experiments on concentration camps victims? Was it not
this type of scientist, who invented the atom bomb and mustard gas? And was
it not scientists, who, just as today’s economists and business leaders have done,
developed optimizing formulae for capital maximization without reflecting
losses — this, by the way, as early as in the second half of the 19th century.

These doubts are justified. They are, however, directed not towards the
ideal of the classic university, but rather towards how it is implemented. A
more careful look at the misuse of scientific knowledge, which occurs daily,
shows that it is nothing more than the use of knowledge not for a better life,
but against it. What made this possible was the fact that science was already
conceived of as being free from values and judgments in the fundamental texts
on the idea of the German university, such as those by Schelling on the abso-
lute definition of science (Schelling, 1956, p. 9). In this definition, which
comes from one of the founding texts for the Berlin University from 1803,
Schelling attempts to separate knowledge from action, when he criticizes
knowledge — and the generation of knowledge in the university — as a
medium for action, and action as the unique purpose of knowledge and learn-
ing. This attitude played a significant role in the history of the German uni-
versity. Non-judgmental science opened the way to the use of science for the
battles in Verdun and the gas chambers in Auschwitz. However, that did not
necessarily have to be the case. One of the most important fathers of the Ger-
man university, who often stood in the shadows of the name Humboldt, was
Fichte, and he saw it quite differently:

One does not study in order to eternally express what has been learnt to the exam-
iner, but to apply it to similar cases in real life in order to transform it into actions.
It is not simply to repeat, but to create something other from and with it; thus the
final purpose is not knowledge, but rather the art of utilizing knowledge. This act of
utilizing scientific knowledge in life requires another component, which is foreign to
academia, namely an insight into life and the exercising of judgment in the applica-
tion of science to life... (Loose translation from Fichte, 1910, p. 6f.)
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In 1807, no lesser person than Fichte himself argued — as would educational-
psychologists later — that only that which is learnt through doing and with a
“clear and free conscience” is well learnt. He required the university to train a
competency, which at the end of the 20th and start of the 21st century has often
been prized as a new discovery: attention should be drawn not primarily to dis-
crete knowledge, but to the development of the capacity to learn (ibid, p. 7), i.e.
learning how to learn. Fichte called this competency “understanding” and
derived from that the purpose of a university; that is as “a school for the art of
the scientific use of understanding” (ibid, p. 8). Scientific learning, therefore,
had a significant role in the university, because Fichte trusted the university to
develop understanding.

But that is not sufficient. Wilhelm von Humboldt goes one step further
when he relies on science not only to educate for understanding, but also for
humanity, in other words not to use understanding in just any way, but in one
that will achieve the higher development of the whole of humankind. It is not
just any science that can achieve that, according to Humboldt, but only one
that is connected with studies in classical philology. Humboldt was influenced
by the concept that the idea of a humanitarian society, as propagated by Greek
philosophy, was inseparably linked to the study of the Greek language. Thus
on the basis of his specific linguistic theory, he saw the relationship in lan-
guage between ergon and energia as influencing both mentality and behaviour.
If young people, therefore, were to learn Greek in the Gymnasium, then they
would also be learning humanity. In this sense, the university is not only an
organization for the development of understanding, but also one in which, in
the humanitarian sense of the term, reason is developed and represented.

These complicated idealistic constructions are based on a theological
source. This is the concept that, by God’s creative act, all men and women are
intrinsically good and it is the task of education to bring out and develop this
intrinsic goodness of humanity. The process is referred to in the educational,
philosophical and daily German language as Bildung. The term contains the
idea that the image of God, the “imago dei”, is reflected in mankind in such a
way that it is possible for him or her to act according to God’s example. To
educate someone through Bildung is, therefore, to orientate him or her towards
God’s image and example. (The German term Bildung stems from the German
word for image, which is Bild.)

Two further elements belong to this educational philosophy. Firstly, the
idea that the education of an individual leads to a positive development of
humanity in general, i.e. that this type of “higher” education is possible. This
means that the possibility of the development of humanity is dependent on
the university. The second element consists of the understanding that Bildung
is not a process that can be implemented by teachers; in other words it is not
possible to impose education in the sense of Bildung on someone. Rather
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Bildung is self-reflective. This agrees with an idea that has also been proven
empirically, which says that the “learning consciousness” — as we would for-
mulate it in neurological and constructivist terms — constructs its own real-
ity. The understanding, which is developed according to God’s image, is
therefore able to educate people towards their self-development and in this
way leads to the development of humanity.

For the university, this means, briefly summarized, that the student devel-
ops an understanding through inquisitive learning (thus the necessary unity
research and teaching), which provides him or her with knowledge that can
be applied, on one hand and on the other, a humanitarian competency for
judgment, which in turn means that the individual becomes humanitarian in
the emphatic sense of the word. The university has, therefore, the greatest
possible task: it is responsible for the further development of a humanitarian
world through the acquisition of knowledge and humanitarian behaviour
through inquisitive, research-driven learning.

The fathers of the classic German university, who found so many followers
across the whole world, were not above describing universities in all their
detail, including the behaviour expected of professors, in order for a university
to fulfil all its tasks. Those who read it today are surprised at the high level of
observation and the breadth of knowledge and thoughts of the great philoso-
phers of 200 years ago, whose ideas are only just beginning to be empirically
verified. On the basis of this description, a methodological arsenal and a cur-
riculum were developed for the university, which should be considered under
the term “research-driven learning”, which often sounds hollow these days,
but continues to be required of the university and rightly so. This inquisitive
learning should be carried out in “solitude and freedom”, two further condi-
tions for a functioning university. Freedom means freedom from the state,
which the Prussian government actually granted to the newly founded univer-
sities, and “solitude”, which, for Humboldt, did not refer to the situation of the
student or the teacher, who researches, in fact, without communicating with
others. For him, by contrast it referred to a learned society of students and
teachers, for whom solitude lies in the individual encounter with the truth.
The solitude therefore describes something of a superior nature. The individ-
ual stands before truth in its totality, in the immense unknown, and in this sit-
uation he or she develops his or her individuality.

THE LIMITS OF THE CLASSICAL UNIVERSITY IDEAL

After this interim conclusion, which followed a clarification of the terms glo-
balization, innovation and Bildung, we now have a brief idea of the classic uni-
versity, which, since it was implemented in enlightened Prussia, made science
so great in Germany and elsewhere. When we reflect on these deliberations,
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we should remember that an ignorant shaking of heads over such complex and
demanding ideas was more frequent than the cry of “Eureka” followed by the
statement: “That is exactly what we must do.”

We must ask ourselves why this idea of the university is no longer consid-
ered relevant after 200 years, and how, as a result, an E.U.-bureaucratic reform
such as the Bologna Process could be put in place and be deemed necessary.
There are a number of causes that led to this outcome, which I hesitate to call
a disaster:

¢ The freedom granted to academics and students alike was so exhaus-
tive that it was misused as a reason for doing nothing, for plagiarism,
fraud and indeed for corruption.

¢ The solitude has often been generously misunderstood to mean that
the academic and his or her students do not have to deal with reality
and that science is often practised like the glass-bead game from
Hesse. The effects of this are seen not only in Auschwitz.

e The number of people with an intellectual capacity large enough for
real self-development through scientific Bildung was always small.

¢ Both academics and students have a tendency towards social isolation by
“holding the stirrups” for a new social class, which has taken the place of
the aristocracy and now looks down on the rest of society in disgust,
which — however — earns the money that is spent in the universities.

¢ The methodological development of science tends towards the emer-
gence of a particular logic whereby the next scientific step is orien-
tated not towards societal needs, but towards the next interesting sci-
entific question, even when this question is quite absurd.

e At the end of the 19th century a new direction emerged within Ger-
man philosophy, called Geisteswissenschaften — Humanities —
which was very powerful and defined its relationship to reality in such
a way that it is the task of science, not to explain reality or to change
it, but only to understand it. This so-called hermeneutic relationship
to reality can be seen as the main reason for the failure of the German
university in the face of epochal crimes against humanity.

The postulation of an empirical non-judgmental research was not an appro-
priate means of confronting this development, since value-free insights can
always be seen as meaning that no account has to be taken of the conse-
quences of one’s own ideas. It was not until the 1960s and 70s that this empir-
ical-analytical understanding of science began to be heavily criticized and it
is only in the last two decades that science has recovered without returning to
the previous errors. One can already predict that following the current finan-
cial crisis, rational choice theories will find it hard to survive without norma-
tive criteria.
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Nevertheless, no one is interested in substituting this rationality with a mix
of animosity towards religion, technology and innovation and a misunder-
stood conception of Bildung; a concept that satisfies itself with demanding that
universities make people into good citizens, Muslims, CO%-avoiders or Green-
peace-donors. This should be rejected not because it is reprehensible, but
because it does not work. We know empirically that it is impossible to educate
someone in such a way that they take on certain values and act accordingly.
Thank God, we should say, thoughts are free, as is the will to follow them.
These thoughts do not realize the ideas of the ruling class, when they are
impressed against the will of the learners.

Bologna and the future of Bildung

One has the impression that the biggest reform initiative for the tertiary sector
in wider Europe, the so-called Bologna Process, is making exactly this mistake.
I will not bother to analyse the content of all the declarations from Lisbon to
Leuven. The result would be too awful. There are few texts in the history of
universities worldwide that are as sketchy and empty as that which the politi-
cians have agreed upon for the future of European universities.

They did, however, start out from a correct analysis. The observation that
European universities stretching between the Arctic Circle and Gibraltar dif-
fer massively in the quality of their provision was correct. The observation
that national higher education systems with different study forms and final
qualifications make a consolidation of Europe’s tertiary sector difficult was
correct. The analysis that many universities no longer seem to be interested
in carrying out research and teaching for the current needs of an up and com-
ing generation was also correct. And the assumption that the university would
not have been able to create a European compatibility all on its own was yet
again correct.

If the patient — the European University — was seriously ill, then it
needed decisive action. However, every village doctor knows that you can
only treat a patient against his will as long as he is unconscious. When he
awakes, even the best therapy will not work without his cooperation. The
patient must consult the doctor and not the other way around. It would have
been correct (and sufficient) — to remain with this metaphor — to have
revived the European University from being unconscious. Instead of this, the
European politicians have caged the universities in a barred hospital. On the
entrance it reads “BA-MA-Ph.D”. | don’t want to be misunderstood: there is
nothing against harmonizing academic processes worldwide and there is noth-
ing wrong with basing these reforms on American qualifications, based on
which 20 of the 4,800 American universities are internationally respected as
successful. The problem, rather, is the detailed regulation of university pro-
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cesses. Simply to use the word “workload” in connection with learning and
the reduction of the weekly learning “burden” to 40 hours, in order to then
allocate the successful completion of these “working hours” as a monthly wage
in the form of credits, is such a perversion of the idea of the university that it
is no surprise when professors and students act like miners, who — in their
world justifiably — fight and strike against every hour of extra work and for
every extra cent of higher wages.

The idea that it is possible to determine in Brussels the relationship
between occupations and university study programs is both stupid and igno-
rant. When one sees what individual universities have done using this pre-
scription, one applauds the slyness of reasoning, which allows such codswallop
to be undermined.

In many universities special curricula, which teach teamwork, presentation
techniques, equality for women and Mandarin for beginners, have been devel-
oped alongside subject-focused courses. With the exception of the language
courses, such initiatives are completely nonsensical if they are separated from
the subject studies and are orientated towards a reality about which neither
professors nor students have any clue. Presentation techniques are learnt, in
fact, through making presentations, teamwork, through working together on
scientific problems — Humboldt knew that better — and whoever treats
women badly deserves a clip around the ear and not a curriculum.

If we can assume that both those who act in the political sphere and bureau-
crats are not entirely stupid and wicked, but do honestly want to reduce study
duration, minimize the costs of tertiary education and teach a solid, school-
like curriculum, then without a doubt they have achieved what they set out
to do. Causa finita.

In fact, they have led to the emergence of a new type of university, at least
in Central Europe, which has little to do with the classic university. In this type
of university, one can train chemists, lawyers, doctors and translators. These
people will do their job and be well-behaved and — to return to our three terms
— will find their place in the globalized world. They will take part in the com-
petitive labour market and will find a job between the North Cape and Cape
Town. They will invent new windmills and energy-saving lights and make
colourful boxes for pills and they will prohibit investment banking. They will
do what is expected of them and have no crazy ideas. They will not create new
worlds or paradigms, will not make quantum leaps and will not contribute to
the enlightenment of humanity. In brief: they will not be learned.

And where will that other place be, where research is learnt in solitude and
freedom? In the university, where else? To make this possible, we will have to
take institutional decisions. We have the following alternatives:

We can create a new type of university, worthy of its name, and leave the
current “universities” to become vocational schools.
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We can differentiate the institution using the name “university” internally,
so that academic-vocational training is offered in a separate department to the
one for higher academic Bildung.

We can argue — because we know better — that courses in a university,
including those for vets and nursery nurses, should always contain a minimum
of academic scholarship, a space to search and be inquisitive with at least the
appearance of solitude and freedom, even when we know that only very sel-
dom does a precious orchid grow in this tropical forest. However: we know
that these orchids require shade, which is provided by the forest, so that they
do not get burnt in the sun of the practical demands of daily life.

If we so desire — and I think we should — the real Bologna Reform is still
before us. It will be a reform in the attitude of students, but particularly of
teachers, who are driven by the insight that being a scientist is not just any
job, but usually a badly paid but privileged job, in which one is able to decide
what to research and to teach and where one can be independent of the polit-
ical steering of research contracts. If this is what we want, we must expect bit-
ter battles, in which scientific revolutionaries are set against politicians who
claim to represent the will of the people, those they normally ignore until the
next election and for whom the details of science are irrelevant. But only until
science is finally recognized as being dedicated to mankind and the idea of a
better life, only when evaluations are orientated towards the interests of those
who continue to provide the university with the privileges which it has
enjoyed, in different forms, for over 1,000 years.
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Injecting Relevance to make
Innovation more Impactful
at Universities
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preneurial career since 1980. Nine years ago, when | joined the MIT

Corporation in Cambridge, Massachusetts, I got reconnected back to
the academic world. Together with other like-minded individuals at MIT, 1
have been experimenting with ways in which to make the innovation at MIT
have a bigger economic and societal impact. After the initial success of the
approach at MIT, my wife and I started a similar effort in India targeted at fos-
tering innovation in Indian universities to make a difference in social entre-
preneurship. The effort in India is now five years old. This paper summarizes
the results of these two efforts to encourage discussion on how such
approaches can be used to further the innovation in the 21st century.

ﬁ fter a short tenure in teaching at universities, | have pursued an entre-

THE EFFORT AT MIT

MIT with its culture of “Mens et Manus” (mind and hand) already excels in
making the technological innovation useful to the world. However, there is
an opportunity to make it better. The “Deshpande Center for Technological
Innovation” was set up at MIT in 2002 with funding of $20 million. The
Kauffman Foundation did an extensive study of this center and the von Liebig
Center at the University of California San Diego. They found the models to
be successful in promoting academic innovation to directly address real world
problems. Lesa Mitchell, Vice President of Advancing Innovation at Kauff-
man Foundation, is facilitating similar centers at other universities. The fol-
lowing are some of the lessons I have learned from this effort.

315
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Insight

Researchers who work on applied research always think about how their ideas
can impact the world, both economically and socially. There is no lack of
desire on the part of the researcher to see the impact. The idea has to be
directed towards solving a burning problem in the world to have an impact.
You cannot mandate innovation. However, bringing the knowledge of what
the world needs to the innovator will help the innovator make choices that
increase the probability of impact.

Research at universities now is where the engineering practice was in
industry a few decades ago; an engineer designed the product and the salesman
then went looking to sell the product. Today in industry, an engineer only
starts designing the product after fully understanding what the customer
needs. However, in the current practice of research, the researcher innovates,
patents the idea and then the technology licensing offices try to find applica-
tions for the patents. The Center at MIT has found that bringing the practi-
tioners and the researchers together early on changes the culture of innova-
tion. There is a lot of give and take between what is possible and what is worth
solving to come up with an innovation that can have impact. Injecting rele-
vance early in the process of innovation increases the probability of that inno-
vation having a bigger impact on the world. The faculty members fully
embrace this idea. In fact, MIT has created a new course called - TEAM
which brings engineering and MBA students together to explore how to target
ideas at appropriate markets. This has been a very popular course.

Researchers, in the campus environment, are idea generators. When a new
idea comes along, the researcher is not only excited by the elegance and nov-
elty of the idea, but is also excited about where it can be useful. A few months
down the road, the researcher will have ten more ideas that have sprung up
from the original idea. Left to himself or herself, a researcher will choose to
pursue one of those ideas that makes sense to his or her own environment.
However, if the researcher is connected with practitioners, he would have the
benefit of relevance to pick an idea that has a better chance of creating a big-
ger impact.

Process

The Center achieves its mission through several approaches: Grant Program,
Catalyst Program, Innovation Teams (I-Teams) and Events.

Faculty members apply for grants to the Center twice a year. The funding
from the Center enables the faculty and their students to pursue exciting new
avenues of research on novel technologies that could have a significant
impact. These grants are selected by a panel of faculty and business leaders,
and are selected based on potential for impact, technical merit, team consid-
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erations and timeframe. Ignition Grants of $50,000 are awarded to fund proof
of concept explorations, and Innovation Program Grants are awarded in the
range of $50,000-250,000 to build on existing innovations at MIT and bring
them closer to commercial viability. The objective of the funding is to nurture
ideas with market potential and reduce the uncertainty around them so that
an external party would invest in the technology. This could occur through
various means, such as a VC-funded start-up or licensing by a company. In
addition to the funding, the grants bring with them publicity, mentoring and
connections with the business community.

Volunteers from the business community are central to achieving the Cen-
ter’s mission of helping MIT innovators achieve market impact. Catalysts are a
highly vetted group of individuals with experience relevant to innovation, tech-
nology commercialization and entrepreneurship. Catalysts provide individual
contribution to the Center and do not represent any company interests in their
role as Catalysts. Catalysts are chosen based on the following qualifications:

e Experience in commercializing early stage technologies and/or men-
toring researchers and entrepreneurs, and industry expertise.

e Willingness to proactively provide assistance to MIT research teams.

e Willingness to abide by the time commitment, confidentiality and
conflict of interest guidelines.

e Commitment to the interests of MIT researchers and the Center.

The I-Teams (Innovation Teams) program provides an action-based learn-
ing experience for graduate students where students evaluate the market
potential for research projects being conducted at MIT and develop “go-to-
market” strategies.

The Center hosts a variety of events to bring together minds from the MIT
and business communities.

The IdeaStream Symposium, held each spring, is our largest event. The
Symposium is intended to showcase new MIT technology, educate the busi-
ness community about leading-edge new technologies and facilitate connec-
tions between VCs, entrepreneurs, industry and MIT innovators. These sym-
posia are by invitation only. The Center also collaborates with other programs
on and off campus to promote a variety of events to enhance innovation
within the community.

Results

So far the Center has reviewed 450 proposals submitted by the faculty. The
Center has supported over 70 projects with about $10 million in grants. The
grants have resulted in 18 startups that have raised over $140 million in cap-
ital. Over 60 faculty and 500 students have participated in the program and a
new course has been designed to capture the process of taking the innovation
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to the market. The process can be summarized by three actions: Select, Con-
nect and Direct. Active participation of the business community in all three
activities is essential for success: Selecting appropriate research to fund, Con-
necting the innovator to the marketplace and Directing them when they need
help.

To further stimulate the economy and take advantage of the innovation
across all the universities in Massachusetts, two other initiatives have been
launched recently: MassChallenge and Venture Café. MassChallenge is a
business plan competition supported by the Massachusetts government and
local entrepreneurs to pick the top 25 plans and provide the seed capital. The
goal of this program is to kick start 25 companies a year for the next three years
to stimulate the Massachusetts economy. Venture Café is a coffeehouse, about
12,000 square feet, with WiFi connections and hookups for projectors and
other devices to hone projects and ideas. The expectation is that such a place
will energize the entrepreneurs and accelerate the ideas to the marketplace.

THE EFFORT IN INDIA

India is a vast country and several educational institutions have come up over
the last 60 years. There are institutions like the Indian Institutes of Technol-
ogy, All India Medical School, National Law schools, Indian Institutes of
Management and Indian Institutes of Public Health which have international
recognition. They get their strength from being able to select a few thousand
from millions and holding smart students together in a campus environment.
The faculty members at these institutions are dedicated, but lack the research
infrastructure. This is improving, but has a long way to go.

India has to deal with two issues; millions of people and low affordability.
If innovation is to have an impact, Indian universities have to bring new solu-
tions at very affordable prices to millions. Indian scientists have shown prom-
ise; the Indian space program has shown results with modest investments.
Indian industry understands the opportunity; for example, Telecom compa-
nies add 10 million cell phones a month that can be recharged incrementally
2 cents at a time and Tata Motors recently started selling a $2,000 Nano car.

India graduates approximately 400,000 engineering undergraduates from
approximately 3,000 colleges. We picked BVB Engineering College, a college
in a small town called Hubli, to see how we can bring innovation to this insti-
tution. The college has 4,000 engineering students and runs on a budget of
$4 million a year. The students are bright and the teachers are dedicated.
However, the students are taught to study and do well in exams. Students
spend their time preparing themselves to provide canned answers to questions
posed at the exams at the end of the academic year. There is a total lack of
innovation in that education system. Students walk around with hundreds of
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problems all around them, but they do not know that they have the ability to
solve them.

In order to connect the students and the faculty to the problems in the sur-
rounding area, we built a center for social entrepreneurship in the campus. For
the last five years we have been funding approximately 70 programs by NGOs
(non-governmental Organizations) in the areas of Education, Agriculture,
Livelihood and Health. The enthusiastic participation by the students to get
involved in these programs has been overwhelming. The participation started
from the engineering campus and now has spread to all the surrounding col-
leges. Last year 1,000 students conducted 250 projects. This year we have
10,000 students involved with 2,000 projects. The enthusiasm of the students
has now spread to the young faculty. They are bringing technological as well
as other innovations to projects.

Problems exist in this world because people do not see a solution. There-
fore, you need innovation to solve even the simple problems. The innovation
always comes from a fresh perspective. The Social Entrepreneurship Center
provides that fresh perspective to the students and young faculty by bringing
their bright minds and the problems together. We also have 10 young men
and women from the United States who spend a year on fellowship. There are
approximately 30 students who spend the summer at this center from Univer-
sity of Southern California, Berkeley and North Carolina University. These
visitors are the change agents in the social ecosystem.

The results of this effort have been excellent. For example, a kitchen was
built in the city that serves midday meals to 185,000 school children every
day. The kitchen uses good management tools and technology to maintain
very high quality standards and has managed to serve nutritious meals that the
kids love for 12 cents a meal. After the program was optimized in this city, it
is now duplicated in other parts of India. This program currently serves 1 mil-
lion meals to school children every day. By using a similar model as the Center
at MIT, difficult social problems are being solved in India by connecting the
academic innovation of universities to the needs of the real world.

CONCLUSIONS

The 21st century poses several grand challenges; clean water, clean air, cli-
mate change, energy, biodiversity and sustainability. The Universities can
play a central role in coming up with solutions to these problems. The solu-
tions will need “Eminent Technological Innovations” and thousands of inno-
vative ways to localize the Eminent Innovations. The universities of the
21st century have to create educational programs and an echo system that
injects a lot more innovation and entrepreneurship into their institutions to
remain relevant to the world.
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Institutions like MIT, with their depth in technology can come up with
“Eminent Innovations”. This paper shows that the probability of Eminent
Innovation having a big impact on the world goes up substantially by connect-
ing the innovator to the relevance.

An eminent Innovation will not impact all the six billion people in the
world unless innovation is spread out to everyone in the world. The second
example of the program being experimented in India shows that students can
be energized to participate in solving local problems during their University
education. In the process, students learn how to adapt big ideas to local prob-
lems to come up with affordable solutions.

In both cases, if the universities want to remain relevant, they need to
reach beyond their campuses to connect young innovative minds to the
world’s problems.
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lems for current educational practices. First and foremost, we see the

21st century as a time that is characterized by constant change. Educa-
tional practices that focus on the transfer of static knowledge simply cannot
keep up with the rapid rate of change. Practices that focus on adaptation or
reaction to change fare better, but are still finding themselves outpaced by an
environment that requires content to be updated almost as fast as it can be
taught. What is required to succeed in education is a theory that is responsive
to the context of constant flux, while at the same time is grounded in a theory
of learning. Accordingly, understanding the processes of learning which
underwrite the practices emerging from participation in digital networks may
enable us to design learning environments that harness the power of digital
participation for education in the 21st century.

For much of the 20th century, learning had focused on the acquisition of
skills or transmission of information or what we define as “learning about”.
Then, near the end of the 20th century, learning theorists started to recognize
the value of “learning to be”, of putting learning into a situated context that
deals with systems and identity as well as the transmission of knowledge. We
want to suggest that now even that is not enough. Although learning about
and learning to be worked well in a relatively stable world, in a world of con-
stant flux we need to embrace a theory of learning to become.

T he educational needs of the 21st century pose a number of serious prob-
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In order to understand both what that means and how it might be achieved,
we need to examine some of the recent transitions in learning which have
emerged in the 21st century. In particular we need to consider several dimen-
sions of learning (knowing, making and playing) that have taken on new,
more distributed forms in the networked age.

THE DEATH OF THE READER

The second half of the 20th century witnessed a radical transformation in the
nature of authorship. From Barthes’ and Foucault’s discussions of the death of
the author to reader response theory, there has been a radical reformulation of
the ways in which we conceive of the process of reading. Indeed, in many ways
the movement away from the sole authority of an author’s text to a publicly
interpreted version of that text marked by Roland Barthes’ work in the 1970s
has introduced the idea of reading as a social practice, rather than individual
practices, and opened up the idea of interpretation as something done by com-
munities rather than individuals.

When Barthes and others declared the author dead, they were describing a
paradigm shift that moved from the transmission of meaning toward active
interpretation. What we are witnessing now, with new media, is a second
transformation, marked by a shift from interpretation to participation (Jen-
kins, 2006). In just the past ten years, we have seen that change happen
throughout the world of journalism, with news itself first being seen as factual,
later being seen as interpretive, and with the emergence of the blogosphere,
finally being seen as participatory.

In a remarkable reflection on new media, Andrew Sullivan discusses how
it is that blogs are beginning to remake the landscape of journalism: “The
blogger can get away with less and afford fewer pretensions of authority. He is
— more than any writer of the past — a node among other nodes, connected
but unfinished without the links and the comments and the track-backs that
make the blogosphere, at its best, a conversation, rather than a production.”
(Sullivan, 2008)

The transformation that Sullivan is reflecting upon is not simply a change
in readership, access or feedback. It is a structural transformation in the way
that communication happens and in that transformation is as dependent on
the experiences of the audience as it is on the text the writer produces. In
blogging, authorship is transformed in a way that recognizes the participation
of others as fundamentally constitutive of the text. It is not an author writing
to an audience, but, instead, a blogger facilitating the construction of an inter-
pretive community. But, beyond that, Sullivan draws two parallels to music,
which begin to reveal a sense of what new media may be about. The notion of
the author has been transformed not only in relationship to the reader, but
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also in function. He writes: “There are times, in fact, when a blogger feels less
like a writer than an online disc jockey, mixing samples of tunes and generat-
ing new melodies through mashups while also making his own music. He is
both artist and producer — and the beat always goes on.” It is that first com-
parison we want to discuss as the framework for a new form of interactivity
that new media invites, possessing an inherent malleability that is directed
toward social ends.

As important, however, is the second comparison Sullivan makes between
new media and music: “To use an obvious analogy, jazz entered our civilization
much later than composed, formal music. But it hasn’t replaced it; and no jazz
musician would ever claim that it could. Jazz merely demands a different way
of playing and listening, just as blogging requires a different mode of writing
and reading. Jazz and blogging are intimate, improvisational and individual —
but also inherently collective. And the audience talks over both.” In contrast
to Sullivan (who is writing as a blogger), our goal is to explore that aspect
which is inherently collective and to understand the structure of that partici-
pation.

The act of participating in new media provides a set of experiences that is
fundamentally different from the experience one gets from engaging with tra-
dition forms of media (particularly broadcast). We believe that the ways learn-
ing happens in the context of new media is also fundamentally different.
Where broadcast media, as a one to many system, presumed that learning was
a function of absorbing (or interpreting) a transmitted message, new media
presumes learning to be a process of engaging with information and using it in
a broader social context as a crucial part of what we describe as “productive
inquiry”.

The notion of productive inquiry dates back to John Dewey’s pragmatism
and certainly applies to notions of older, broadcast media as well. But the
social framework of new media begins to open up an aspect of productive
inquiry unimaginable and unavailable in Dewey’s time. As we read Dewey,
perhaps the single most important aspect of productive inquiry is the ability
to engage the imagination. The infrastructure of new media has enabled the
fusion of network technology, communities of interest and a shared sense of
co-presence, resulting in emergence of what we have deemed a “networked
imagination”.

If the paradigm for learning in old media is a notion of direct transfer, the
question that interests us most is “what does a theory of learning look like for
collective, social and participatory media?”

To get at that question, we believe it is necessary to understand the episte-
mological foundations of social and collective participation, to understand
how people are learning in the social context of new media. In doing so, we
examine learning in the context of three frames: knowing, making and playing.
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The goal of this paper is to advance three central theses. First that the world
of the 21st century is characterized by a sense of constant change and that
such a landscape requires us to further rethink our notions of interaction with
new media toward a deeper understanding of participation (knowing) as in
the Andrew Sullivan story. Second, how the notion of experience (and par-
ticipation) within new media contexts has shifted from a traditional sense of
experiencing content to using content as context to construct a social world
with others (making). Third, understanding how networked media supports a
kind of play (playing) that allows people to navigate the complexities of a
constantly changing world. What may be most important to understand is
that each of these dimensions of learning is in the process of evolving in
response to the demands of the 21st century. In a world of flux, knowing, mak-
ing and playing emerge as critical components of becoming.

THREE PERSPECTIVES ON LEARNING

In the opening pages of Homo Ludens, Johan Huizinga suggests that the rela-
tionship between play and culture may be more complicated than we have sus-
pected. It was a concept that was prescient in 1933 when the work was written
and has only begun to find full expression in the digital world. In fact, the
premise of Huizinga’s book is that culture emerges from play and that all of our
most vital cultural elements, indeed the very notion of the sacred itself,
emerge from the basic human instinct for play. We contend that Huizinga
offered a fundamental insight which is now more relevant than ever to learn-
ing. Our effort is an attempt to reconcile the theoretical notions of knowing,
making and playing through an understanding of the affordances that new
media provides. In doing so, we contend that there is something special in
networked media that illuminates not only how important each of these three
concepts is for knowledge construction, but that the interactions of these
ideas shows us just how powerful these tools are for establishing a theory of
learning.

Much of the recent thinking about learning and new media has focused on
the concept of transfer, with the primary question being “does information
from the digital world transfer to the real world?” Games in particular have
been subject to this test and much of the literature on games and learning has
been directed at either answering that question (arguing for transfer) or
reframing it (arguing that different things may transfer than what is supposed).
Our position is different. We believe the basic assumption of knowledge trans-
fer is wrong. It is, quite simply, not how learning works.

In particular, we draw upon the work of Michael Polanyi who suggests that
knowledge itself is always composed of both an explicit dimension and a tacit
dimension. In that sense, to view knowledge as an object, divorced from expe-
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rience and embodiment (the central elements of the tacit dimension) is to
fundamentally misunderstand the nature of knowledge. One of the primary
consequences of Polanyi’s insight is that if knowledge is not objectifiable, it is
not capable of being transferred as suggested by most traditional education
paradigms. If we cannot divorce the explicit dimension of knowledge from the
tacit, then knowledge transfer begins to lose its conceptual coherence. This is
especially true as we think about knowledge in a rapidly changing world. In a stable
world the part of the tacit that could be made explicit was made explicit
(through the social processes of science, etc) and that part of the tacit that was
truly tacit became a part of the shared practices of the (epistemic) community.
These slow maturation and absorption processes don’t work as well in a world
of rapid change and are being transformed (often unwittingly) with new
media with fluid genres, new practices and networked infrastructures.

Perhaps as important is the shift that occurs when we begin to take the idea
of the tacit seriously. The tacit begins to honour the social dimension of
knowledge that the explicit does not. When we look to new media, we can
begin to see social contexts in which knowing, constructing and playing all
start to emerge as central elements of learning and that the structure of learn-
ing within these new contexts are related to the interaction of these terms.
These three elements of learning also correspond to three broader frames
which we can begin to understand as Homo Sapiens (human as knower), Homo
Faber (human as maker) and Homo Ludens (human as player).

While Huizinga focuses on the notion of playing (Homo Ludens), rather
than knowing (Homo Sapiens) or making (Homo Faber), it is our contention
that it is the combination of all three and their interaction within a social and
participatory context that deserves critical attention. In what follows, we map
out the affordances of these three fundamental positions and then provide a
model for how we might understand their interactions in the networked
world.

Homo Sapiens

As the term itself suggests, Homo Sapiens or “knowing (hu)man” or “(hu)man
as knower” is a fundamental statement about what it means to be human. It is
also an ontological statement about learning. The past decade has ushered in
substantial changes in how we think about what it means to learn, based pri-
marily in the context of rapid change in our networked world. There are three
senses in which learning happens in relation to change. The most basic sense
is “learning about”, which corresponds to contexts in which information is
stable. We learn about things which are stable and consistent and not likely
to change over time. The second sense is “learning to be”, which requires
engagement with an epistemic community and provides as sense of encultur-
ation in practices which allow one to participate and learn how to learn and
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even shape practices within that community. The third sense, which emerges
out of a context of rapid and continual change, is a sense of becoming. This
sense of learning is itself always in a state of flux, characterized by a sense of
acting, participating and knowing. Like the changes we describe in the struc-
ture of knowledge above, becoming (unlike learning about and learning to be)
is responsive to context, rather than content. As the context changes, so does
one’s sense of becoming.

There are two elements of new media which are worth pointing out, both
of which depend on realizing the ways that, as Henry Jenkins discusses, new
media is at base a participatory culture. The first requires us to think more
directly about what we mean by “knowing”, particularly in the context of the
21st century. New media provides a sense of agency in the most basic sense.
In an Internet based world, how we know things and what sources of informa-
tion we give authority are become increasingly complicated. In a context
where knowledge is ever shifting and in a process of continuous flow, how we
know things (and how we know what we know) has become more important
to us than the factual status of information itself. In most areas of human
activity, knowledge is both contingent and in flux. We expect “facts” to
change on a continuing basis, because they are facts about a changing world
and because we have a technological infrastructure that can support rapid
updating of information without high material costs. This shift demonstrates
an increasing importance to the context of information. Much of the
20th century information infrastructure focused on accuracy, the what of
information. New media technologies, while not losing sight of the what, force
us to consider both the where (what is the authority behind the information)
and the when (is the information current and relevant to my particular prob-
lem). This warranting of information signals, again, the importance of the tacit
dimension of knowledge, the things which cannot be rendered explicit, but
which form a large part of the basis of what it is that we know. Equally impor-
tant, these factors depend almost entirely on the social context of the informa-
tion, which is also the driving force for shaping one’s sense of becoming.

As a result, we would argue that there has been a shift in the practices
around these new forms of learning. While the traditional model of learning
has been grounded in the concept of “learning about”, the idea that knowl-
edge is something to be studied and accumulated, new theories of learning
have begun to understand the affordances in the networked world that privi-
leges notions of “learning to be”, the ability to put the things we learn into
action, often within the context of an epistemic community or community of
practice. But neither of these has yet embraced the concept of “becoming” as
an epistemic foundation for knowing. Futhermore, although the tightly
bounded social context of communities of practice and communities of inter-
est facilitate a sense of perceived permanence or continuity over time (estab-
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lished by and communicated through shared practices), the relatively
unbounded space of the networked world unmoors learning from a particular
trajectory. Where a participant in a culture who is learning to be a doctor may
not know exactly what that entails, they have a sense of being enculturated
into a set of practices that are generally shared among group over a period of
time. In the case of today’s world, with the continual sense of becoming, there
is no telos directing that sense of learning. The learning itself is the practice
of participating and that participation is constitutive of the social context in
which the learning takes place. The telos is defined by the context, which is
continually changing with each act of participation. These communities of
becoming themselves are rich constructs that fuse notions of interest, techno-
logical infrastructure and co-presence (often in the form of joint work) into
the idea of a “networked imagination”. Thus this sense of becoming is both
afforded by and amplified by participation in the networked imagination.
Participating in a networked imagination throws the distinction between
learning to be and becoming into relief. Learning to be involves enculturation
into a set of practices rather than stockpiling knowledge. Becoming involves
a rich and deeply intuitive understanding of the tacit. The end result is not
knowledge per se, but a new set of tools for looking at the world and engaging
in inquiry, hopefully productive inquiry. Becoming, then, becomes a powerful
subject position from which to manage and embrace the flux and constant
change which is beginning to shape and define the world of the 21st century.

Homo Faber

In contrast to Homo Sapiens, Homo Faber is “(Hu)man as maker”, stressing our
ability to create. This is perhaps the one of the most important and transforma-
tional elements of the networked world and provides a unique set of affor-
dances for understanding the relationship between new media and learning. As
new media has evolved, it has increasingly tended toward providing agency to
users, allowing them to creatively express themselves, often within a context
that allows for commentary, feedback and criticism. Homo Faber is more than
simply making; it is making within a social context that values participation. It
is akin to what Michael Polanyi has described as “indwelling”, the process by
which we begin to comprehend and understand something by connecting to it
and, literally, living and dwelling in it. In that way, making also taps into the
richness of becoming. We learn through making, building and shaping not to
produce something static, but to engage in the process of participation. In fact,
we may go so far as to say there can be no sense of becoming, particularly as it
relates to learning, without the dimension of Homo Faber as indwelling.

The richness of Polanyi’s concept marks a fundamental transformation in
what we think learning is. Rather than thinking of learning as an accumula-
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tion of knowledge as an object or endpoint, Polanyi’s framework invites us to
think about the process of learning as knowing, exploring both the explicit and
tacit dimensions of knowledge. As he writes: “We may identify, therefore, our
knowing of something by attending to something else with the kind of knowl-
edge we have of our own body by dwelling in it” (Polanyi, 1974, p. 142). Pola-
nyi posits that we come to understand and to comprehend the particulars of
an object only when we dwell in the “coherent entity” that they, the particu-
lars, jointly constitute. Or put differently, Homo Faber constitutes knowing as
an embodied set of experiences that we create through our practices of being
in the world and attending to things in the world through our experiences
with them. To know something deeply is to understand the explicit dimension
though our embodied engagement with its tacit dimension.

New media opens up the possibility of this kind of deep knowing by provid-
ing the agency to participate, create and build, with the recognition that
building is always being done within a social context. Most critically, within
the context of a networked imagination, making is a creative process which
shapes the social context in which the creation itself has meaning.

In doing so, we can begin to see Homo Faber as creating an epistemology
which is centred on knowing and becoming, rather than knowledge and being and
which takes practices of fabrication, creation and participation as the corner-
stones of learning. Accordingly, Homo Faber no longer divorces knowledge from
knowing, or explicit from tacit understanding. Instead, Homo Faber invites us to
think about the ways in which the two are inherently connected and supplemen-
tal to one another. Through creating we come to understand and comprehend
the world, not merely as a set of object, artifacts or creations, but as coherent enti-
ties which we come to dwell in and which we make sense of the “jointness” and
interconnection of the parts that constitute the whole, both at the explicit level
of the object itself and at the tacit level in terms of its social context and rela-
tions. It is this level of tacit knowledge, that which is known, embodied and most
importantly felt that begins to constitute a new way of learning.

Homo Ludens

The third element, Homo Ludens, “(hu)man as player”, is perhaps the most
important, yet overlooked, element of understanding our relationship to new
media. Huizinga’s thesis is that play is not merely central to the human expe-
rience; it is constitutive of all that is meaningful in human culture. Culture,
he argues, does not create play; play creates culture. In almost every example
of what he describes as the sacred, play is the central and defining feature of
our most valued cultural rites and rituals. As such, for Huizinga, play is not
something we doj it is who we are.

To truly understand the connection between play and learning, we need to
fully grasp how play puts us in a different mindset. Play is a complex and com-
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plicated idea, which is usually held in opposition to most of what have been
considered the most stable pillars of learning in the 20th century. Play is
thought of as the opposite of work. It is fun, rather than serious. Its connection
to learning is often seen as secondary or incidental.

Play, we want to argue, pace Huizinga, is probably the most overlooked
aspect in understanding how learning functions in culture. It is easy to identify
spaces in which networked culture provides opportunities for play, video
games being a clear example. But thinking about play as a cultural disposition,
rather than as merely engaging with a game, reveals something more funda-
mental at work. Much of what makes play powerful as a learning environment
is our ability to engage in processes of experimentation. All systems of play
are, at base, learning systems. They are ways of engaging in complicated nego-
tiations of meaning, interaction and competition, not only for entertainment,
but also for the making of meaning. Most critically, play reveals a structure of
learning that is radically different from what most schools or structured learn-
ing environments create, one which is almost ideally suited to the notions of
flux and becoming that we have outlined throughout.

In play we are presented with yet a third perspective on learning in a world
of constant flux. In the case of play, the process is no longer smooth and pro-
gressive, but is constituted by a gap between the facts or knowledge we are
given and the end result or outcome we wish to achieve. This dynamic accel-
erates in the context of flux and rapid change, where stable paths and linear
progression are no longer viable. As Espen Aarseth describes the dynamic, it
is one of aporia and epiphany. As Huizinga lays out the framework, it follows
the structure of a riddle. In both cases, the information provided is insufficient
to reach a conclusion about meaning or knowledge. What play provides is the
opportunity to leap, to experiment, to fail, to fail and continue to play with
different outcomes or to “riddle” one’s way though a mystery. That leap that
you take is more than simply a means to cross the chasm between what you
know and what you want to achieve. It is, as both Aarseth and Huizinga sug-
gest, an organizing principle. Figuring out a riddle is more than simply getting
the right answer. It is an answer which organizes and makes sense of the riddle.
In that sense, our understanding comes not from a linear progression, but,
instead, by thinking about the problem from all angles, but ultimately seeing
its logic only at the end. Riddles make sense only retroactively. That is the
nature of an epiphany.

Likewise, for Aaresth, an epiphany is more than an answer. It is a moment
which throws all that has come before it into sharp relief, by making sense of
a progression which may have seemed disorganized, dishevelled or even non-
sensical up until the moment when some greater understanding is reached and
its meaning is revealed by the player. And which couldn’t happen without the
playfulness of mind.
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Perhaps most critical in this sense of play is the way in which the sense of
agency emerges. Where traditional notions of learning position the learner as
a passive agent of reception, the aporiafepiphany structure of play makes the
agency of the player central to the learning process. How one arrives at the
epiphany is always a matter of the tacit. The ability to organize and make
sense of things is a kind of “attending to” characteristic of the tacit dimension.

The value of play is never found in a static endpoint, but instead in the
sense that the player is always in a state of becoming. Whatever it is that one
accomplishes in play, it is never about achieving a particular goal (even if a
game may have an endpoint of end state). [t is always about finding the next
challenge or becoming more fully immersed in a state of play. What we do in
play may best express the sense of becoming.

This sense of play then provides us with a third, and very different, sense of
learning. One which is neither about the process of learning to be, or an
embodied sense of indwelling (though it may be consonant with either or
both), but which is structurally different in how it organizes our understanding
and comprehension of the world. In play, learning is not driven by a logical
calculus but, instead, by a more lateral, imaginative thinking and feeling. In
sum, playing, like making and knowing, derives its power from the tacit
dimension.

THREE PERSPECTIVES AS A FRAMEWORK FOR LEARNING

If we examine each of these three perspectives independently, we can see how
each might produce a framework for learning. Homo Sapiens, for example, is
well suited to thinking about learning as reflection, while Homo Faber can be
understood as a constructivist approach a la Seymour Papert, which values
putting the learner in contact with the tools they use to build. Likewise, Homo
Ludens may fit into paradigms of situated learning, as has been suggested by
Jean Lave and others.

Our goal is neither to reinvent these theories nor critique them directly.
Instead, we see this world of constant flux as an opportunity to problematize
the very notion of what it means to learn, as well as to better understand what
these kinds of practices tell us about learning more generally. Put differently,
each of these perspectives tells us something valuable about the process of
learning, but there has been a tendency to view these almost exclusively from
the perspective of how each contributes to the transmission of explicit forms
of knowledge. While each of these perspectives may identify and be identified
with certain practices, none of them has fully considered the implications of
tacit learning.

The potential revolution for learning that the networked world provides is
the ability to create scalable environments for learning that engage the tacit
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as well as the explicit dimensions of knowledge. The term we have been using
for this, borrowed from Polanyi, is indwelling. Understanding this notion
requires us to think about the connection between experience, embodiment and
learning.

While we have known that these elements are connected on a deep level
from the early works on experience and learning from Piaget, Levi-Strauss and
Vygotsky, placing them at the centre of a learning paradigm has proven elu-
sive. We believe there have been two reasons for this. First, until now we have
lacked any infrastructure that has been capable of placing experience and
embodiment at the centre of a theory of learning. They have always been
understood as secondary mechanisms to enhance learning, but never been
thought of as the core of it.

Second, taking the tacit dimension seriously conflicts with our fundamental
urge to abstract and de-contextualize what is happening in the process of learn-
ing. Tacit understanding begins from the premise that every learning experi-
ence is different and bound to both the learner and the immediate context in
which the learning takes place. The process and results are not replicable.

The lessons from the networked world allow us to tackle both of these prob-
lems at the same time. Large scale network structures now provide environ-
ments which not only allow for tacit knowing and understanding, they pre-
sume it. Engaging with digital media is almost always experiential. In most
cases, we learn with digital tools by doing. More and more, we also learn by
feeling and acting in an embodied way. It is that sense of engaging with the
tools at hand which gives us access and insight not only into their immediate
use, but also a set of possibilities for future action that may be revealed only by
confronting new problems or situations.

The indwelling that we see happening in these spaces is a fusion of all three
frameworks: knowing, making and playing. The affordances of the digital
worlds with which we engage determine the degree to which we engage in
each element, but we are seeing with increasing frequency that digital worlds
and virtual spaces are beginning to understand the importance of all three to
creating a successful and sustainable sense of community.

This calls up the second problem, which is abstraction and replication. A
theory of learning that is only able to describe what learning took place retro-
actively cannot serve as a paradigm for new learning. Focusing on the tacit,
then, seems to relegate such a theory to a purely descriptive mechanism. But
that is only true if your concern is what kind of explicit knowledge is transferred.

When we move to the tacit dimension our concern shifts. If we are con-
cerned now with indwelling rather than explicit knowledge, then the proper
area of inquiry is not on outcome or replication, but an environment. From this
perspective, we can begin to ask, not what are they learning, but where are they
dwelling or in what are they dwelling. Of concern then is the question of what
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is afforded by the spaces of digital and networked worlds. While results and
processes are not replicable, learning environments are.

At the nexus of knowing, making and playing is the idea that the tacit
dimension of learning is grounded in understanding how we use the ideas of
experience and embodiment to make small changes in our understanding, prac-
tices and experimentation, to adapt what we know to a changing environment.

MAPPING LEARNING TO PARTICIPATION:
WHAT NETPUBLICS TEACH US ABOUT HOW WE LEARN

Tangentially, but in order to provide a glimpse of today’s and tomorrow’s stu-
dents and how they are learning, we include here an overview of a critical eth-
nographic study of social media participation. Mimi Ito, now at the University
of California, Irvine, and her cohorts in a large scale MacArthur Foundation
DML project construct a typology of practices describing participation as:
“hanging out”, “messing around” and “geeking out”. We believe that these
three practices frame a (potential) progression of learning that is endemic to
digital networks. When we tie these notions of participation to the frames of
reference we have outlined above, we can begin to see not only how each level
of participation produces a richer sense of learning, but also how the affor-
dances of digital media environments start to come into play in the construc-
tion of various knowledge communities.

Knowing: Hanging Out

At the most basic level, participation in digital environments requires a sense
of knowing, of “learning to be”. As Ito argues, “participation in social network
sites like MySpace, Facebook and Bebo (among others) as well as instant and
text messaging, young people are constructing new social norms and forms of
media literacy in networked public culture that reflect the enhanced role of
media in young people’s lives.” Digital networked environments provide not
only an extension of real-world interaction; they provide an enhanced environ-
ment for sharing information and engaging in meaningful social interaction.
This notion of hanging out is what we see as the beginning of and essential
to the process of indwelling. But the notion of indwelling, as Polanyi makes
clear, is much richer than simply having a feeling of presence or belonging. It
goes beyond the process of enculturation and understanding of social norms,
roles and mores. The beginnings of indwelling in the digital world are rooted
in the notion of “being with”. What Ito’s work reveals is that hanging out is
more than simply gaining familiarity with the tools, spaces and affordances of
the digital. In fact, it is probably not an exaggeration to say it is not about the
digital at all. Hanging out, in Ito’s terms, is about learning how to be with oth-
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ers in spaces which are mediated by digital technology. Again, in this notion
we find learning that applies to the digital world, but which is also building
and foundation for learning that transcends the bounds of the virtual.

Hanging out, we contend, begins to develop the first aspect of indwelling:
experience. That experience is governed by a central question: what is my
relationship to others?

Playing/Knowing: Messing Around

The second notion of participation that Ito explores is messing around, which
she defines accordingly: “When messing around, young people begin to take
an interest in and focus on the workings and content of the technology and
media itself, tinkering, exploring and extending their understanding.” Within
this framework, we begin to see a second dimension emerge, one which not
only engages a second frame of reference, playing, but which begins to bring
the two frames of reference into contact with one another.

The function of play, above all else, is to problematize the familiar. We can
see this in nearly every meaning of the word itself, but perhaps most directly
on the sense of space opened up by use. For example, when we say a steering
wheel in a car “has a little play in it”, we mean there is some flexibility, a dif-
ference between how it should be and how it is. Those gaps become known
through experience, through the process we discuss above as hanging out.
For some users in digital environments, hanging out leads to the next stage
which is characterized by Ito as “open ended”, “self-taught” and “loosely goal
directed”. That moment causes a shift in perspective, where the process of
knowing is no longer about our relationship to others, but instead becomes
about understanding our relationship to the environment.

What we see as critical in this second stage is the shift in agency that
occurs. Where hanging out is about acquiring a sense of social agency, figuring
out how to use technology to maintain or enhance social relationships, mess-
ing around is about the user’s relationship with the technology or environ-
ment itself.

In hanging out, that relationship is easy to assess. Digital media are tools to
facilitate social interaction. Their function is purely instrumental. The tran-
sition to messing around, as Ito describes it, is typically personal and involves
the development of a sense of personal agency: “what is characteristic of these
initial forays into messing around is that youth are pursuing topics of personal
interest. In our interviews with young people who were active digital media
creators or deeply involved in other interest-driven groups, they generally
described a moment when they took a personal interest in a topic and pursued
it in a self-directed way.”

This process, we would describe as moving from experience to embodi-
ment, where the personal investment in digital media changes the focus from
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social agency to personal agency. Technology and digital media begin to be
viewed as an extension of the self. Not surprisingly, most of the introductions
to messing around that Ito describes involve things that are heavily connected
to personal identity, such as personal videos and pictures, MySpace profiles
and gaming activity that is about player modification.

What messing around reveals most fundamentally is that the relationship
between us and our environment is rich, complex and changing. Our process
of knowing is no longer instrumental; it is instead structured by a sense of play.
As a result, understanding our relationship to our environment requires exper-
imentation, play and riddling. That subtle shift transforms our experience into
a set of tools for understanding the environment. Playing serves as a frame of
reference to problematize the familiar, and the “play” we have in our own
experience invites us to think through the possibilities of altering, shifting and
experimenting with the things we know as ready-at-hand.

The kind of tinkering that characterizes messing around is not instrumen-
tal, it is not intended to find solutions or make things work better. It is,
instead, focused on helping us understand who we are in relationship to our
environment.

Messing around constitutes the next step of indwelling: embodiment. In
doing so, it asks the question: what is my relationship to the environment?

Playing/Knowing/Making: Geeking Out

The final stage of participation, “geeking out”, is the most complicated.
Within our framework, there are two aspects of “geeking out” that merit par-
ticular attention. First, the conditions under which geeking out occurs, the
technological infrastructure that makes it possible: “For many young people,
the ability to engage with media and technology in an intense, autonomous
and interest-driven way is a unique feature of the media environment of our
current historical moment. Particularly for kids with newer technology and
high-speed Internet access at home, the Internet can provide access to an
immense amount of information related to their particular interests, and can
support various forms of geeking out.”

Second, and, for our purposes, the most critical aspect of geeking out is the
manner in which it extends both the social agency of hanging out and the per-
sonal agency of messing around: “Geeking out involves learning to navigate
esoteric domains of knowledge and practice, and participating in communities
that traffic in these forms of expertise.”

It is the richness of experience and social agency produced by hanging out,
the sense of embodiment and personal agency created by messing around,
combined with the third frame of reference, making, that produces what we
think is the ultimate goal of indwelling: learning. Geeking out provides an
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experiential, embodied sense of learning within a rich social context of peer
interaction, feedback and knowledge construction enabled by a technological
infrastructure that promotes “intense, autonomous, interest driven” learning.

It is the third frame of reference, the making, which values understanding
joint work, including the ways in which the community functions of hanging
out and the personal functions of messing around can be harnessed and com-
pounded to produce the “specialized knowledge networks” and “Internet-base
communities and organizations”.

The learning taking place at the nexus of knowing, playing and making is
radically different from any learning environment we have seen before. It is
an environment that emerges from a sense of indwelling, embodiment and
agency. As a result, it is a learning environment that gains almost all of its
power and benefits from the tacit dimension.

CONCLUSIONS

As each of these aspects come together to produce what we can think of as a
new set of epistemological frames for understanding a world in flux, we can
begin to see that we need a new, broader framework for understanding the pro-
cesses of what learning and knowing look like. Where traditional models of
learning have moved from models of direct knowledge transfer to broader
notions of skills, we believe that neither of these is sufficient to explain and
account for the fundamental epistemic shifts and new affordances that
21st century presents.

Accordingly, we believe that the best way to understand how learning, and
indeed knowing, can be understood and harnessed for educational practices
and institutions is by understanding these epistemological frames, why each
matters, and, ultimately, how they can all come together to create a new
understanding of learning environments.

As the educational landscape changes in the 21st century, our paradigms for
learning, knowing and education also need to shift. The tools of the digital
world are just now beginning to open up new affordances, new possibilities and
new tools that make inquiry and process based learning not only possible, but
what is likely to become the standard for learning. In a world where knowing,
making and playing are growing at an incredible pace, we need to develop the
tools, practices and theoretical frameworks to understand that new world, and
models to harness its power, build upon those ideas and be responsive to them.

We face a world today of almost infinite complexity, endless possibility, and
near constant change. If our educational institutions and our informal learn-
ing environments are going to take advantage of these changes, our approach
to education and learning needs to be as rich and complex as the challenges
and opportunities we face.
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James J. Duderstadt, Mary O' Mahony and Luc E. Weber

SESSION 1: GENERAL DISCUSSION OF INNOVATION

Chair: Georg Winkler

Luc Weber: The Next Decade, a Challenge for Technological and Societal Innovations
Charles Vest: Technological Innovation in the 21st Century

Ellen Hazelkorn: Community Engagement as Social Innovation

The first session began with the observation that it was precisely a century
ago, in 1908, that Schumpeter introduced the terms “innovation” and “entre-
preneurism” into economics at both the University of Vienna and Harvard,
which, together with Lausanne (near Glion), comprised the centres of eco-
nomic theory at the time. Over the past several months, his theory of creative
destruction has been in evidence once again as our world has been shaken by
the current global financial and economic crises, in which over $3 trillion of
wealth has been destroyed by flawed financial, economic and regulatory poli-
cies. It was suggested that what has really happened is that the “real” econ-
omy, based on wealth generated by goods and services, rather than financial
gymnastics and “quants” — e.g., credit default derivative swaps — has
returned with a crash. We have learned once again that while technological
innovation can drive economic growth, social innovation is necessary to sus-
tain development in the face of human frailty and misadventures.

The motto of many of today’s companies has become “innovate or abdi-
cate”, as the explosion of knowledge, coupled with the evolution of a truly glo-
bal economy driven by rapidly evolving information, communication and
transportation technologies, has enabled innovation to flourish wherever
bright, motivated and entrepreneurial people can gather. Yet, as the speed of
innovation has accelerated, so too has its complexity, becoming both compet-
itive and collaborative, spanning the disciplines and extending far beyond
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technology. In fact, today the greatest wealth comes not from technological
but rather organizational innovation, as evidenced by new paradigms such as
“open innovation” and “global sourcing” in which companies discard old-
fashioned, “not-invented-here” constraints to tap ideas and talent wherever it
exists, “open source — open content” knowledge that is available to anyone
with Internet connectivity, and human capital both distributed and accessible
about the globe.

In this rapidly changing environment, all social institutions and communi-
ties are challenged to adapt to new challenges with innovative new forms. In
particular, universities face the challenge not only to adapt to a world driven
by innovation, but in turn, to produce the new knowledge and creative grad-
uates capable of producing that innovation. Yet, concern was expressed about
those forces constraining the ability of the university to respond to the chal-
lenge of change: governments (and perhaps policies such as the Bologna pro-
cess) that restrict both autonomy and diversity, students and faculty who fear
the “contamination” of academic purity by university engagement with the
economy, and the disciplines themselves rigidly moored to their intellectual
canon. The issue of autonomy was of particular concern to the leaders of Euro-
pean universities as organizational innovation becomes increasingly impor-
tant. Yet, while greater university autonomy is certainly necessary if institu-
tions are to achieve the flexibility demanded by an innovation-driven world,
this can only happen if institutions are also willing to be held more account-
able for their contributions to society and their adherence to fundamental
academic values.

In summary, the discussions occurring during this session revealed the fol-
lowing themes: First, technological innovation is not enough to address
today’s challenges. Social or societal innovation is equally important, with
organizational or institutional innovation increasingly emerging as a critical
goal. The interaction among these different types of innovation is key, and
universities are well-placed to play a role in stimulating that interaction. For
that they will need to stress greater interdisciplinarity in academic programs,
more leadership roles for younger faculty, and more autonomy to enable inno-
vative approaches to society’s needs.

This session also was characterized by an important theme that propagated
through the entire colloquium: the role of young people in shaping innova-
tion. While it is evident that the new world of innovation will be determined
by the next generation, it is encouraging that today’s students seem to under-
stand the growing importance of innovation and their role in creating new
knowledge. Even while enrolled in our institutions, our students are contrib-
uting to innovation in curricular development driven by their changing
modes of learning (e.g., social networking, immersive technology). Hence it
is important not only to engage them in learning activities beyond the class-
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room, such as research and public service, but to also allow them the time and
flexibility to develop their creative skills.

SESSION 2: AGENTS OF INNOVATION
Chair: Frank Rhodes

Jean-Lou Chameau: Curiosity and the Transformative Impact of Fundamental Sci-
entific Research

Wayne Johnson: Industry as a Catalyst of Innovation

Frans van Vught: National Innovation Policies: Governments as Innovation Agents
of Higher Education and Research

While many universities have sought to enhance their contributions to
technological innovation and entrepreneurial activities through organization
such as incubators, technology transfer offices and research parks, in the end
their impact almost always depends primarily upon the efforts of individual
faculty. A study of successful faculty entrepreneurs such as Carver Mead at
Caltech or George Whitesides at MIT reveals the importance of scholarly rep-
utation and institution quality. Furthermore, the most important players in
the transfer of the scientific knowledge from campus research activities into
the commercial marketplace are usually the students they educate, particu-
larly at the graduate and postdoctoral level. This strong dependence of inno-
vation on the exceptional abilities of a few highly creative people should be
kept in mind by those seeking to stimulate entrepreneurial activities. The
important factor — and hence investment — was the building of relation-
ships, which takes time and requires substance. Here a question was raised as
to whether the close relationships characterizing smaller institutions (e.g.,
Caltech) gave them advantages, although this was countered by the greater
intellectual breadth and diversity characterizing larger universities. There was
agreement that in today’s world, human talent is not only institutionally but
globally distributed and accessible through modern information and commu-
nication technologies.

In the United States, it has been estimated that perhaps as much as 50% of
economic growth during the latter half of the 20th century was driven by tech-
nological innovation, much of which was produced in a small number of world-
class research universities (e.g., MIT, Stanford, Caltech), large corporate
research laboratories (e.g., Bell Laboratories, IBM Research Laboratories, the
Lockheed Skunkworks), and federal laboratories (e.g., Los Alamos, Oak Ridge,
Jet Propulsion Lab). Yet, as the monopolies enabling generously supported cor-
porate research laboratories disappeared, world-class research universities pro-
liferated around the globe, and rapidly evolving ICT allowed unrestricted
access to talent and ideas anywhere, anytime, the new paradigms of open inno-
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vation were embraced that distributed R&D, innovation and entrepreneurial
activities on a global scale. New forms of collaboration appeared, in which the
triple helix of industry, government and higher education joined together to
generate the knowledge and human talent to drive innovation and economic
value. Organizations that once demanded secrecy and exclusivity of intellec-
tual property began to share and collaborate to address fundamental technolog-
ical challenges, even as they continued compete aggressively in the market-
place of products and services. University faculty formed consortia with
colleagues both at home and abroad. National governments not only joined in
international scientific efforts (e.g., the LHC, ITER, and International Space
Station) but began to outsource both scientific research and technology devel-
opment in areas where others had greater capabilities.

As nations seek to promote innovation as an engine of economic growth,
higher education and other research organizations have become crucial
objects of national policy. Yet, such policies usually fall into one of two
approaches: i) to set themes and priorities for the allocation and concentra-
tion of resources, and ii) to emphasize competition among key players such as
universities through competitive grants programs or market incentives. It was
noted that in large systems, competition appears the best strategy, while in
smaller countries a concentration strategy seems better. Yet, the environment
for innovation is continuing to evolve (e.g., the shift to open innovation and
global sourcing), while the information concerning institutional performance
and hence policy effectiveness remains scant. It was suggested that nations
should adopt a policy learning strategy based upon valid, publicly accessible
information on both institutional performance and economic impact as a key
supplement to policy strategies such as prioritization and competition.

Here a concern was raised that perhaps regional strategies such as the Lis-
bon Agenda might prove more effective in the long run than national inno-
vation strategies, which actually could conflict with regional efforts. It was
also suggested that the strong emphasis that governments were placing on the
role of universities in stimulating the innovation key to economic prosperity
might overwhelm the other critical missions of the university.

In summary, the key themes of this discussion session were: The role of stu-
dents is particularly important in successful university-driven innovation activ-
ities. Here the strong involvement of U.S. undergraduates in significant
research was particularly beneficial. There was discussion concerning the appro-
priate role of university leadership in promoting interaction across faculties
within the context of an innovation strategy. Successful innovation strategies
for industry-university interactions required a careful strategy in the selection of
partners to enable the focus sufficient time and resources to design and sustain
the interaction. The current trend of government funding to focus on funding
individuals needed to be broadened to support the innovation that occurred in



Chapter 23: Summary of the Colloquium 343

partnerships or larger systems. The nature of government innovation strategies,
e.g., competitive vs. concentrated, depends on the scale of the enterprise.

SESSION 3: NATIONAL AND REGIONAL
INNOVATION STRATEGIES

Chair: James Duderstadt

Georg Winckler: Innovation Strategies of European Universities in the triangle of
Education, Research and Innovation

Ralph Eichler: Team Players to shape our Future; Do Our Students Learn the Right
Skills?

Heather Munroe-Blum: The Innovation Society: Canada’s Next Chapter

Bertil Andersson: Singapore: Successful in Research; Struggling for Innovation
Fawwaz Ulaby: KAUST, An International, Independent, Graduate Research
University

Arif S. Al Hammadi: Transforming an Economy through Research and Innovation
Juan Ramon de la Fuente: Research and Innovation in Latin America

This session focused on the experience of various nations in creating research
universities capable of contributing to innovation-driven economies in various
regions including Europe, North America, Asia, the Middle East and Latin
America. European higher education evolved from the medieval humanist
themes of 17th and 18th universities into institutions primarily focused on grad-
uate education and scholarship in 19th century Germany and Austria, a theme
that soon propagated across Europe and then throughout the world. While
recent efforts to better unify European higher education through the Bologna
Process, the European Research Area and the Lisbon Agenda have clearly
enhanced collaboration and facilitated the mobility of students and faculty,
innovation strategies continue to exist primarily at the national rather than the
E.U. level, without the cross-border innovation pressure and demands that one
finds in the United States. There is a growing recognition that demands of inno-
vation-driven economies require that the process to achieve European integra-
tion in higher education be balanced with efforts to achieve greater autonomy,
agility and mission differentiation among European research universities.

Since research and innovation are quite different activities, the former
transforming money into knowledge and the latter transforming knowledge
back into money, fundamental changes in pedagogy will also likely be neces-
sary. Creativity, innovation and entrepreneurship are most effective acquired
through deep student engagement in knowledge-generating projects rather
than traditional content-based learning. There is a need to better integrate
scientific research in Europe with educational programs, much as it is in North
America, rather than keeping it at arms length in separate research institu-
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tions, as it tends to be in much of Europe. Yet this will be difficult in some
nations where universities tend to be supported at the regional level while
research institutes are supported by the national government.

In the United States and Canada, universities have evolved that blend the
missions of broad undergraduate studies, research-focused graduate programs
and deeper engagement with society through service activities. While the
United States benefited from both a philosophy and scale that enabled a suf-
ficient degree of diversity and autonomy of universities with respect to mis-
sion, resource base, quality and character to serve a rapidly changing nation,
Canada has faced more of a challenge in coupling high quality academic pro-
grams to the nation’s needs for innovation and entrepreneurial engagement,
particularly at the graduate level. The absence, until recently, of strong tax
incentives to encourage philanthropic support of higher education similar to
those in the United States, has also been a challenge. To this end, a national
Canadian Foundation has been created and capitalized to stimulate through
large institutional grants major new initiatives aimed at better coupling grad-
uate education and research to market-driven innovation.

In both Asia and the Middle East, there are bold efforts to create world-
class research universities. Although Singapore is expanding its universities to
serve an increasing population, of particular importance is an effort to work
with major international universities (e.g., MIT, Imperial College, Technion,
Duke) to build major graduate-research programs in key strategic areas.
Although Singapore’s investment in such research efforts has now grown to
3% of GDP, there remains a concern about whether creativity and innovation
may be hindered by its rigid social structure, e.g., “Can you win a Nobel Prize
in a country that does not tolerate graffiti?” It was stressed that deep innova-
tion required a tolerance for failure, a trait currently missing in risk-adverse
cultures such as Singapore.

A contrasting approach was Saudi Arabia and Abu Dhabi. There was rec-
ognition that these two nations have mounted major efforts to build world-
class institutions, working with established universities faculty from around
the world to create an innovative culture. Saudi Arabia has launched a major
graduate university, King Abdullah’s University of Science and Technology,
recruiting leading scholars from around the world and building an extraordi-
nary campus on the Red Sea. Abu Dhabi has taken a somewhat different
approach with the Khalifa University of Science, Technology and Research,
focusing first on high quality undergraduate education in partnership with
several international universities. In both cases, the commitment of extraor-
dinary resources and establishment of strong partnerships to build initially
several small, highly focused institutions may allow these nations to leapfrog
to world-class status quite rapidly. However this global connectivity could cre-
ate tensions with the strongly rooted local cultures in these nations.
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While such small institutions are nimble and capable of significant impact in
highly focused intellectual areas, rapidly growing populations of Latin America,
characterized by great social diversity and income inequality, demand a very dif-
ferent approach. Even very large institutions such as the National Autonomous
University of Mexico (300,000 students) are unable to keep pace with the edu-
cational needs of a growing young population, now estimated at over 100 mil-
lion between the ages of 15 and 25 in Latin America. Innovative approaches in
higher education, such as the use of open educational resources and distance
learning, will be necessary to meet these needs while allowing sufficient invest-
ment in the advanced education and research required by increasingly techno-
logically sophisticated economies. This would require as well greater political
continuity and stability of government programs and support.

This session concluded with a broader discussion about the balance
between elitism and scale in determining innovation and entrepreneurism. In
a sense, the world is both flat (in the sense of Thomas Friedman) and spiky (in
the sense of Michael Porter). This discussion raised several important ques-
tions. What attracts creative people to regions? World-class universities or
world-class educational systems? Are we trying to approach intensely human
characteristics such as creativity and entrepreneurism with a systems
approach? How do we nurture stubborn individuals? Perhaps in our efforts to
define world-class status through simplistic surveys such as league tables, we
are losing the diversity in people, institutions and programs that may be key
to generating new ideas and wealth. Since institutional diversity is important
in stimulating innovation, there was a call for broadening reputational mech-
anisms such as league tables beyond simply measuring research performance.

Key themes in the session included: the importance to recognize that driv-
ers of innovations come from many different actors, not just universities. The
key attraction to company investments in university partnerships are excel-
lent graduates. As the competition for talent and global reputation intensifies,
research output has become an even more important index. Finally, as open
innovation becomes more common, at the regional level innovation involv-
ing a diverse range of partners may be more important than that driven by a
specialized centre of excellence.

SESSION 4: INNOVATION STRATEGIES
AT THE INSTITUTIONAL LEVEL

Chair: Michel Bénard

Michael Crow: The Research University as Comprehensive Knowledge Enterprise:
A Prototype for a New American University

Bernd Huber: The German Excellence Initiative: Changes, Challenges and
Chances for German Research Universities
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James Duderstadt: New University Paradigms for Technological Innovation
Michel Bénard: Hi-Tech Industry and Universities: A Perspective on Dating for
Joint Innovation

Jamil Salmi: The Challenges of Establishing World-Class Research Universities in
Developing Countries

The discussion turned to several examples of how institutions — universi-
ties, industry, nations — were exploring new approaches to better position
educational and research programs to respond to the needs of innovation-
driven societies. The lead off discussion concerned the efforts to transform one
of the United States’ youngest major universities, Arizona State, into a “new
American university” paradigm. Taking advantage of its location in Phoenix,
one of the most diverse and rapidly growing regions in the nation, the univer-
sity has not only taken steps to restructure its organization, but even more
important, its culture. Included in its objectives were the characteristics of:
leveraging its place, transforming society, valuing entrepreneurship, conduct-
ing use-inspired research, enabling student success, fusing intellectual disci-
pline, becoming socially embedded and engaging globally.

On a different level and scale, the German Excellence Initiative to achieve
focused excellence at world-class levels in a select number of institutions was
described. Here, the concerns were the low level of Germany’s R&D, cur-
rently at only 0.8% of GDP, the need to stimulate a greater commitment to
research conducted by German universities, and the desire to introduce com-
petitiveness into the university system in an effort to improve performance.
Although Germany has a federal structure similar to the United States and
Canada in which universities are primarily dependent upon regional (state,
provincial) resources, the federal government has committed a five-year pro-
gram of $2 B per year to fund grants for graduate education and research to
encourage key universities to develop strategies to achieve excellence.
Already there are early signs of increasing quality and competitiveness. The
German Excellence Initiative was also praised for its effectiveness at relatively
low cost, perhaps because it relied upon academics rather than politicians to
make the final decisions on centres of research excellence.

Yet, there remain challenges to the program, since it creates tensions
within the selected universities among those academic programs and mis-
sions benefiting from federal funding and other units. There is also tension
at the national level among “haves” and “have-nots” that will likely be exac-
erbated as excellence funds are removed from some institutions and reallo-
cated to others in the next round. There remain other challenges, such as
the large amount of basic research (50%) conducted by independent
research institutions (such as Max Planck or Fraunhofer Institutes) com-
pared to that performed in universities, in contrast to the leading role played
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by research universities in nations such as the U.S., U.K., Switzerland and
Scandinavia.

The discussion then moved to the evolving innovation strategies of indus-
try as companies attempted to cope with the rapid acceleration and globaliza-
tion of innovation-driven competitiveness. Most high-tech companies have
already shifted from concentrating R&D efforts in central corporate laborato-
ries to highly distributed efforts where R&D activities are located in key mar-
kets and developing strong relationships with external players including com-
panies (even sometimes competitors) and particularly research universities.
However, they face a “Mars vs. Venus” challenge since the research cultures
and incentives of universities are quite different from industry. Furthermore,
since open innovation strategies frequently involve other players, such as ven-
ture capital and investment communities, economic and social innovation
can become as important as technological innovation (a theme that was
stressed in the first session).

Universities, governments and industry are joining together in efforts to
stimulate greater innovation and entrepreneurship in key priority areas such
as biomedical research and energy sustainability. Although the flow of knowl-
edge from scientific discovery through development and technological inno-
vation, commercialization and deployment was once thought of as a linear,
vertical process, it is now viewed as far more complex, both vertical and hor-
izontal, and involving many interacting disciplines and participants. Tradi-
tionally, one thinks of the appropriate activities for each of the key actors in
the innovation continuum — namely, government, industry and universi-
ties — in terms such as basic research, applied research, development, com-
mercialization and deployment. For example, basic research activities, usually
speculative, long term and driven by scientific curiosity, are usually viewed as
the proper role of research universities, while use-driven basic research,
applied research and development are more commonly roles for government
or industrial laboratories. Commercialization and deployment are similarly
viewed most appropriate for industry (both established and entrepreneurial).

Yet, there are other types of research important to the innovation contin-
uum. At the earliest stage is transformative research, research driven by ideas
that stand a reasonable success of radically changing our understanding of an
important existing concept or leading to the creation of a new paradigm or
field of science. Such research is also characterized by its challenge to the cur-
rent understanding or its pathway to new frontiers. While it might be assumed
that such transformative research would most commonly occur in research
universities, ironically the peer pressure of merit review in both grant compe-
tition and faculty promotion can discourage such high risk intellectual activ-
ities. In fact, transformative research occurs just as frequently in some indus-
trial research laboratories (e.g., Bell Laboratories in the past and Google
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Research today) where unusually creative investigators are freed from the bur-
dens of grant seeking or commercial deadlines. At the other end of the inno-
vation continuum is translational research, aimed at building the knowledge
base necessary to link fundamental scientific discoveries with the technolog-
ical innovation necessary for the development of new products, processes and
services. Recently, the United States has launched a major new research
structure for energy research involving new transformational research program
patterned after the U.S. Department of Defense’s Advanced Research
Projects Agency (DARPA) known as ARPA-E and funded at an initial level
of $400 M/y; funding 46 new Energy Frontier Research Centers on university
campuses and national laboratories for small research teams; and creating an
initial set of eight “energy innovation hubs” for translational research funded
at $280 M for the first year.

Yet, all of these efforts are dependent to some degree on the presence of
world-class universities and faculty and students of exceptional quality and
creativity. Yet, how does one define a world-class university? Apparently
every nation wants one. But what is it? How does one create such an institu-
tion? By upgrading or merging existing institutions or creating de novo? And
how does one know when world-class status is achieved? Through popular
league tables? Through global competition, a la FC Barcelona? Nations make
many common mistakes in attempting to build such institutions, e.g., placing
too much focus on building physical campuses, depending too heavily on for-
eign partners, paying insufficient attention to operational costs and financial
sustainability, and perhaps most important, not recognizing that this takes
time, regardless of the capacity to commit massive resources.

Additional themes of the discussion included the importance of making
major investments in global challenges. Since rankings (league tables) of uni-
versities are likely to continue to be used in determining investment strategies,
it might be best if universities joined together to better define how they are will-
ing to be measured than simply attempting to reject such rankings altogether.

SESSION 5: PARADIGM SHIFTS

Chair: Charles Vest

Nam Suh: On Innovation Strategies: An Asian Perspective

Dieter Lengzen: BILDUNG and Innovation — a contradictio in adjecto for Today’s
Uniwversity Education in a Globalized World.

Gururaj “Desh” Deshpande: Injecting Relevance to Make Innovation More Impact-
ful at Universities

Stuart Feldman: Industry-University Innovation Collaboration

John Seely Brown: Learning in/for a World of Constant Flux: Homo Sapiens,
Homo Faber and Homo Ludens Revisited
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The session began with the application of a theoretical analysis of innova-
tion to Korea’s efforts to build in its Korean Advanced Institute of Science
and Technology (KAIST) an Asian counterpart to MIT. It was suggested that
the innovation process follows a well-defined continuum of activities, i.e.,
identifying a need, building a knowledge base through research, creating an
idea, demonstrating feasibility, testing commercial viability, finding “angel”
investors and then venture capital, hiring talented people, and raising ade-
quate capital. The absence of any step in the process dooms the innovation.
Furthermore, the growth of a regional hub of innovation activity involves a
balance between the conduct of sufficient activities to nucleate in stable inno-
vation hubs and the rate at which innovative ideas, people and financial
resources can move away from a region. A critical feature of successful inno-
vation hubs is the ability to rapidly learn from failure. Examples were provided
as to how KAIST was focusing on key themes such as ship building, electric
transportation, DRAMS and nuclear power where there was potential for the
formation of innovation hubs.

This discussion of a more abstract foundation of innovation was extended to
a consideration of the early characteristics of the 19th classical German
research university, associated with the Prussian philosopher and minister Wil-
helm von Humboldt, who stressed science not only for knowledge’s sake but
also to serve humanity. Hence, broader forms of pedagogy are necessary beyond
the disciplinary canons necessary for creativity and innovation. Thinking out-
side the box may require other experiences such as greater student involvement
in research and/or public service. Yet today, the Bologna process threatens to
impose a uniform standard and regulation to all of higher education rather than
valuing institutional diversity. While the Bologna process has reduced fragmen-
tation and enabled a general framework that stresses communication and col-
laboration, some believe it has pushed the goal of a liberal education out of uni-
versities because of the disciplinary overload demanded by a three-year
baccalaureate program. Perhaps students need more time to explore, experi-
ment and contemplate to develop the capacity for creativity and innovation.

The contrasts and similarities between “eminent innovation” and “univer-
sal innovation” were illustrated by contrasting a highly focused innovation
program for students and faculty at MIT with the creation of an entrepreneur-
ship ecosystem in India. Both attempted to connect innovation to compelling
problems to stimulate the excitement and commitment of young people who
in turn are changing the content of teaching and developing their own course
materials. New occupations are emerging, particularly in the services econ-
omy, for which different graduate schools are needed such as the ability to
work both within and across teams and driving social innovation and value.

Yet, the very nature of innovation is changing, in part driven by emerging
technologies such as ICT substrates or “clouds”, the support of both hardware
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and software services through massive cyberinfrastructure installations (e.g.,
Google, Microsoft, Amazon, Unisys) that not only significantly extend access
to state of the art capacity but significantly accelerate the rate of experiment
and change. This shifts the “iron” triangle of interaction among universities,
industry and governing from “I” shaped (knowing only one area in depth) to
“T” shaped (knowing one area in depth along with broad shallow areas) to
“pi” shaped (knowing many areas in depth).

In the final presentation, it was suggested that there was a more fundamen-
tal epistemological shift occurring from:

individual — collective

skills — dispositions and imagination
explicit — tacit

stocks — flows

learning to do — learning to be.

In a rapidly changing world, innovation no longer depends only upon the
explicit dimension characterizing conventional content-focused pedagogy
focused on “learning to do”. Rather, one needs to enable an integration of tacit
knowledge with explicit knowledge. Emerging ICT technologies that enable
social networking to form learning communities and immersive virtual envi-
ronments for simulation and play facilitate the “deep tinkering” that provides
the tacit knowledge necessary to “learn to be”, tools already embraced by the
young if not yet the academy. In a sense, learning has become a “culture”, in
the sense of the Petri dish that is in a state of constant evolution. And just as
innovation itself has become more open, accessing ideas and talent on a global
basis, the new paradigms of open educational resources (open courseware,
library digitization, social networking) have extended both learning and schol-
arship to a highly interactive global ecosystem of institutions and communities.

A FINAL SESSION: THE GLION DECLARATION —
TEN YEARS LATER

This final discussion session began by posing three questions:

1. What are the principal differences in the world of the research uni-
versity from 1998 to today?

2. What is the audience for a new Declaration similar to that drafted a
decade earlier at the first Glion Colloquium?

3. What would be the major themes of such a Declaration?

During the past decade, trends such as increasing populations, environ-
mental impact, global health, poverty and resource depletion have intensified
concerns about global sustainability, even as we have transitioned to a knowl-
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edge economy increasingly dependent upon educated people and their ideas.
The needs for the contributions of universities have intensified. Yet today,
there is an increasing tendency to view the university in local economic
terms, through utilitarian, reductionist and highly local lenses. We need to
look more broadly to identify the themes our institutions should address to
serve a global society — or perhaps even better, a civil society. Our institu-
tions need to be challenged to address the grand challenges of the 21st cen-
tury, with the most urgent among these being global sustainability: sustainable
development; resource issues such as energy and food; global poverty and
health, policies to sustain stable economic growth; social issues such as urban-
ization, poverty, health and migration; reducing conflict and terrorism; and
the role of government at the nation-state and supra-national level. Our audi-
ence should be not only university and government leaders, but also our var-
ious constituencies both on campus (faculty, students, staff) and off (industry,
NGOs, media, public) and the newly emerging universities throughout the
world.

Yet, much of higher education seems deaf to these challenges, as they are
to calls for accountability and greater engagement in society. Many nations
have succumbed to government efforts to apply uniform policies to all institu-
tions at the expense of diversity, even as the aspirations of most institutions
continue be focused on becoming world-class research universities. This com-
bination of eroding autonomy and uniformity is disturbing since more diver-
sity in both the nature of institutions and how they serve society will be
needed to address the challenges of the next several decades. Both universities
and their patrons seem at times to be deaf to calls for accountability and unre-
sponsive to the need for deeper engagement with society.

There are major challenges facing today’s universities, some familiar, such
as the issue of the cost, price and value of a college education, the need for a
better balance between institutional autonomy and accountability, and the
importance of institutional diversity. But there are also new challenges: the
implications for both students and institutions of the need for lifelong learn-
ing, the globalization of higher education, and the appearance of new learning
paradigms enabled by powerful technologies enabling social networking
(Facebook, Twitter), immersive environments (Second Life), and “open”
learning (OpenCourseware, Google’s Book Scan). In fact, it was suggested in
discussions that it was time to move beyond the language of a decade ago
when one talked of higher education as a “system” and instead view our insti-
tutions as just one species in a continually evolving “ecosystem” or “ecology”
of learning, from cradle to grave, both in learning institutions and beyond,
through life experiences.

During a time when universities tend to be viewed through utilitarian,
reductionist and economic lenses, we need to be challenged to look more
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broadly at our institutions and their roles. We need especially to examine
learning environments in a new way. Learning is no longer confined to school.
In fact, to paraphrase a well-known statement: “It takes a village to educate a
child.” One of the most important themes emerging from the past decade of
Glion conferences has been the importance of innovation in the rapidly
evolving ecosystem of higher education.
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Universities
and the Innovative Spirit

GLION DECLARATION II (June 2009)

In the spirit of the first Glion Declaration I, published in 1998 following the first
Glion Colloquium, this second Glion Declaration has been drafted by Frank H. T.
Rhodes on behdlf of the participants in the VII Glion Colloquium and has been
endorsed by them by way of circulation. It is also being distributed more broadly as
a separate document and available online on the website of the Glion Colloquium
www.glion.org.

THE FIRST DECADE OF THE NEW MILLENNIUM:
A RETROSPECTIVE

As we approach the end of the first decade of the new millennium, it is useful
to review the road that our global community has travelled. The dawn of the
new millennium was a time not only of celebration, but also of optimism and
hope. Contemplating the remarkable transformation of the past millennium,
and especially the extraordinary achievements of its last century, commenta-
tors throughout the world reflected a sense of satisfaction in the progress of the
past, and high expectations for the prospects for the future.

A decade later, the mood is less euphoric, in part because of developments of
the past decade. The statistics provide part, but only part, of the explanation:

e In 1999 the world population was 6 billion; in 2009 it is 6.7 billion.

¢ In 1999 per capita grain production was 312 kilograms; in 2009 it is
303 kilograms.

® In 1999 the estimated total of hungry people was 842 million; in 2009
it is 963 million.

¢ In 1999 the number of refugees and displaced persons was 14 million;

in 2009 it is 16 million.

353
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Beyond these sobering statistics lie other troubling realities and additional
concerns. From the growing prosperity at the dawn of the millennium, we
have moved into a period of severe economic dislocation and financial crisis.
The spread of HIV/AIDS has assumed alarming proportions, especially in
parts of the African continent, and though, overall, the rate of population
growth has declined, it continues unabated in some of the world’s poorest
regions, imposing major stresses on Earth’s limited resources, including top
soil and water. Climate change has become a growing concern. Terrorism has
become a daily event in several areas.

In contrast to these discouraging trends, there are, however, other develop-
ments that are positive and offer encouragement. Thus the effects of the 2008
financial crisis were limited by prompt, co-operative government intervention.
An experimental HIV vaccine — RV 144 — is proving safe and effective in
clinical trials. Economic development is improving the lot of those in a number
of impoverished countries. Thanks to the European Union, Europeans have
enjoyed over 60 years of stability and prosperity. Rapid improvements in infor-
mation technology are providing a far more connected world, with all its ben-
efits. Longevity is increasing in most countries. Mandated improvements in
energy efficiency and conservation are having a growing impact.

THE SECOND DECADE: THE BATTLE FOR THE FUTURE

If we are to confront successfully the challenges of sustainable development,
we shall require not only all of our collective scientific and technical expertise
in the environmental sphere, but also economic, social and political policies
that nurture sustainable communities within the endlessly varied settings and
ways in which we live. And, complex as these issues of physical and biological
sustainability are, they are dwarfed by those of social sustainability. No chal-
lenge is more urgent or more difficult than developing, harmonizing and
implementing these technological and social innovations.

Every generation has had its challenges, but those of the early 21st century
are unique in the extent to which they will determine the future well-being of
our species. Given the sum of the trends we have described, it becomes clear
that we are about to conduct a whole Earth experiment in real time as we
sharply escalate the already heavy demands that we are placing on our planet
for food, energy, materials and water. It is also clear that “business as usual”, a
casual continuation of our present patterns and current practices, is not sus-
tainable in the longer term, at least, not without growing hunger, disruption
and social dislocation.

Navigating our collective way towards some new equilibrium will instead
require new approaches, new thinking, new partnerships and new technology.
And this, in turn, will require a change in outlook and a degree of innovation
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whose very boldness will be disruptive of much conventional thinking and
many established practices.

A CALL TO THE UNIVERSITIES

The creative thinking behind such innovation will require the contributions
and cooperation of every segment of society, including not only those in gov-
ernment, but also those in business, industry, the professions, public life, foun-
dations, civic bodies, learned academies and NGOs. But, most of all, it will
require the active participation of the universities, for it is in these institutions
that the leaders of each new generation are nurtured; it is there that bound-
aries to our existing knowledge are explored and crossed; it is there that unfet-
tered thinking can thrive and unconstrained intellectual partnerships can be
created. It is there, within each new class, within each new generation, that
the future is forged.

A sustainable future will require the world’s leading universities to con-
tinue to supply a growing stream of well-grounded and ethically responsible
professional practitioners and leaders in every field of public life and endeav-
our, from medicine to engineering, from urban design to earth science, and
from agriculture to economics. But it also will require that the sustained
scholarship, basic research, imaginative thinking and creative technology
that the universities have long provided should be nurtured, encouraged and
supported.

It is especially to the universities, then, that we must look for the develop-
ment of the innovations and the innovative spirit that will allow us to create
a sustainable future. But that, in turn, means that within the universities, too,
“business as usual” will no longer suffice. Disciplinary constraints, departmen-
tal structure and long-standing practices must not be allowed to stifle the
development of the bold and creative thinking that will be required.

We address these recommendations, then, to our colleagues in the univer-
sities, in the belief that they need to play an increasing role if our societies are
to overcome the serious challenges that now confront us.

The social compact

Universities must reaffirm and continue to fulfil their role in the unwritten
social compact by providing new knowledge, educated leaders, informed cit-
izens, expert professional practitioners, services and training, as well as indi-
vidual certification and accreditation in these fields. In exchange for the
responsible and effective provision of these services, society supports higher
education, contributes to its finance, accepts its professional judgment and
scholarly certification, and grants it a unique degree of institutional auton-
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omy and scholarly freedom. Within this compact, higher education has a
reciprocal obligation for impartial scholarship, professional integrity, sensi-
tivity to the various needs of society and an appropriate degree of public
accountability.

The great web of learning

Research universities are only a small part of the greater web of learning rep-
resented by schools, colleges, technological institutes and countless other
agents of instruction, investigation and discovery, ranging from family and
social groups to learned societies. Vital though research universities are, their
effectiveness in serving society depends upon the health of other members of
this great web. We need far better understanding of the broad ecology and cul-
ture of learning, both within and among these other institutions. Universities
need to play a leading role in developing this understanding.

New knowledge networks

There is a particular need for universities to develop an open interface
between their own work and that of their clients, including government at all
levels, civil society, industry, business, the professions and NGOs of all kinds.
New knowledge networks, including especially electronic networks, need to
be developed among these multiple users, interests, and groups. The univer-
sity’s role as both convener and catalyst of such networks could support a sus-
tained dialogue and partnership among the various stakeholders in addressing
society’s greatest needs.

The integration of discovery and learning

[t is vital that research universities, in every aspect of their institutional prac-
tice, emphasize and demonstrate the intimate linkage between discovery and
learning, and between enquiry and instruction. Too often, these are still
regarded as discrete fields of activity. Universities need to explore and develop
new and effective ways of bringing together discovery and learning, for exam-
ple, by expanding the use of studio-type courses or public service projects
where group enquiry and action can provide a powerful means of learning.

The nurture of leaders

Decisions made by the current and the following generation of leaders are
likely to have a decisive impact on humanity’s future efforts to achieve a just,
sustainable, dynamic social equilibrium. This will require the cultivation and
nurture of responsible leaders, whose technical and professional competence
is matched by their critical thinking, intellectual breadth, moral awareness
and social responsibility. This places an obligation on educational leaders to
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support and promote those liberal studies that have long provided a founda-
tion for civic virtue.

Because many of the challenges that face humanity are of global extent and
international proportions, and thus cannot be solved in isolation, it is essen-
tial that the university community itself should remain international in its
membership and open to multiple cultural traditions, aspirations and needs.

The power of partnership

The world’s grand challenges — such as water supply, food production, health
care, energy and climate change — are not likely to yield to narrow disciplin-
ary analysis and resolution. Universities need constantly to cultivate and sup-
port interdisciplinary approaches and team projects, and develop ways of
encouraging such partnerships in goal-oriented research. Such research will
not succeed, however, without a reservoir of fundamental scientific knowl-
edge, created through research in the basic sciences. Our commitment to basic
research must not only be maintained, but also increased, even as we seek to
apply its findings to societal needs.

The social dimension

The grand challenges to our future well-being also involve issues of daunting
social and economic complexity. The humanities, social and behavioural sci-
ences are an integral part of the analysis and solution of these various societal
challenges. Every problem today is systemic in nature, so it needs to be inves-
tigated through a socio-technical lens.

Creative coalitions

Individual schools and colleges within the university have opportunities to
create new alliances to address these challenges. Thus schools of business and
management can provide a ready forum for considering these issues, and can
also form creative coalitions with business, industrial and other leaders to
develop workable strategies for addressing them. New problems require new
approaches, especially within the university. New coalitions and new partner-
ships with external partners, so that ideas filter into the university as much as
they filter out, can contribute much to the creation of such new approaches.

The necessity for innovation

The need for innovation is not confined to business, industry and govern-
ment. Every area of modern life and professional practice, from architecture
to urban design, from agriculture to social services, must embrace innovation,
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including especially universities themselves. Only innovative universities can
expect to make meaningful contributions to the solution of the world’s prob-
lems. Within those institutions, the arts, humanities and social sciences, as
much as science and technology, can be sources of innovation.

The less privileged

Throughout the world the underprivileged and the most needy are largely
unrepresented in higher education, as in many other aspects of modern life.
Improved access to higher education for the less privileged must remain a pri-
ority and will require continuing attention and support.

The foundation of freedom

None of the roles and responsibilities we advocate can be discharged effec-
tively within institutions unless freedom of enquiry and freedom of speech are
honoured and defended. It is only in the context of such freedom that there
can be hope for the creation of a sustainable future, and it is only in the enjoy-
ment of such freedom that a sustainable future offers grounds for hope. Uni-
versities must remain at once both the champions of such larger freedom and
the agents of hope through the contributions they make to the societies that
nurture them.

The priority of hope
The daunting complexity of the challenges that confront us would be over-
whelming if we were to depend only on existing knowledge, traditional
resources and conventional approaches. But universities have the capacity to
remove that dependence by the innovations they create. Universities exist to
liberate the unlimited creativity of the human species and to celebrate the
unbounded resilience of the human spirit. In a world of foreboding problems
and looming threats, it is the high privilege of universities to nurture that cre-
ativity, to rekindle that resilience and so provide hope for all Earth’s peoples.

Glion above Montreux, Switzerland, June 23, 2009
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