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ABSTRACT OF THE DISSERTATION
BIOTECH’S PERFECT CLIMATE: THE HYBRITECH STORY
by
Mark Peter Jones
Doctor of Philosophy in Sociology (Science Studies)

University of California, San Diego, 2005

Professor Steven Epstein, Chair

This work is a sociological history of the origins of the biotechnology industry
in San Diego, California. It focuses on the professional biographies of scientists and
executives at Hybritech, Inc., San Diego’s first ‘biotech’ company. Hybritech was
founded in 1978. After the company was acquired by the large pharmaceutical
corporation, Eli Lilly, people affiliated with Hybritech went on to found over fifty
additional biotech firms in the city. The Hybritech story illustrates the centrality of
social networks in the formation and execution of entrepreneurial projects, and in
processes of technological and organizational innovation. Specifically, it shows how
academic scientists, venture capitalists, and managers from the pharmaceutical
industry worked together to create a new social space for conducting scientific work.
This space was characterized by a ‘hybrid culture’ that mixed practices from academic
laboratories and industrial R&D operations and encouraged entrepreneurial venturing.
It has been sustained over time through the continuing formation of new biotech start-
ups in the city. The analysis was based on extensive interviews with financiers,

executives, and scientists belonging to San Diego’s life science community.
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I. INTRODUCTION

A recent Forbes magazine piece on commercial biotechnology identified San
Diego, California as a leading site of activity and progress in the field.! The article
recounted the story of Steve Dowdy, a forty-three year old assistant professor of
medicine at the University of California, San Diego:

In January last year he gave a lecture at the UCSD Cancer Center on ‘in

vivo protein transduction,” a means to deliver biologically active

molecules, such as therapeutic peptides and proteins, inside the cell.

Two senior professors, both of whom had turned their research into

biotech companies, approached Dowdy afterward and told him he

should start a company. Four days later he met with San Diego venture

capitalists introduced by his colleagues. By the end of March the

company, Ansata Therapeutics, had raised $5 million from Avalon

Ventures and Domain Associates for a 50% stake.

Delivering large macromolecules reliably to cells inside living bodies is a very
difficult thing to do. If Dowdy’s technology works, it could solve a lot of problems
for a lot of people. It could become a very valuable tool to possess. But if Dowdy had
made such a discovery twenty-five years ago, he would not have been encouraged to
commercialize the research, and he would not have been connected almost instantly to
local sources of capital and managerial expertise ready in waiting to assist scientific
entrepreneurs. Twenty-five years ago, risk capital and entrepreneurial know-how

were relatively scarce in San Diego. Bioscientists were not regularly patenting and

commercializing their inventions. They were not becoming involved in

" Kerry A. Dolan, “Best Places: San DNAgo,” Forbes, May 26, 2003. The scientific journal Nature has
also recognized San Diego’s prominence in biotechnology. A recent supplement includes a number of
brief articles on the past, present, and future of the city’s life science community and its biotech
industry. See “San Diego,” Nature OQutlook December 11, 2003, 426: 689-721.
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entrepreneurial ventures. But stories like Dowdy’s have become commonplace in San
Diego. What happened?
BIOTECH BEACH™

San Diego, California is today a productive and widely recognized center of
biomedical science. It has been since the 1960s, when several world-class institutions
of scientific research, including the Scripps Research Institute, the Salk Institute of
’Biological Studies, and the University of California, San Diego, were built in close
proximity to each other, on high bluffs overlooking the Pacific Ocean, a few miles to
the north of the city’s port and urban districts. Each of these institutions commenced
operations by recruiting prominent life scientists from around the globe. Attracted by
promises of first-rate scientific resources and professional opportunities, and by the
region’s Mediterranean climate, as well, the new arrivals came expecting to advance
the boundaries of knowledge in the life sciences, expand and refine the technical
capacities of modern medicine, and earn the most prestigious prizes offered to
investigators in these fields. Many have done just this, and they, their projects, and
their reputations, have, in turn, persuaded many more collaborators, colleagues, and
students to conduct scientific work on San Diego’s sunny palisades.

For bioresearchers, San Diego today represents the ‘big time.” It conjures up
mmages of sandy beaches and clear blues skies along with challenging scientific work;
swimsuit models, perhaps, along with molecular models and prestigious letterheads.
It’s not hard to imagine ambitious young life scientists daydreaming of San Diego as
they suffer through dreary winters in distant, chilly climes. Steve Dowdy, who moved

from Washington University in Saint Louis to UCSD in 2001, says of the city: “T'll
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never go anywhere else. It's scientific paradise, as far as I'm concerned.” Steve
Engle, CEO of La Jolla Pharmaceuticals, a San Diego company that works with
antibody technologies invented originally at the University of California, understands
the imagery and the appeal. He likes to invite potential recruits to his firm to visit the
city. When they come, Engle escorts them around town, taking advantage of the
climate and natural beauty of the place to entice them. “When they live in Chicago or
Scandinavia,” he says, “it’s a great opportunity for them to get the heck out of Dodge.
I take people from the East Coast over to the Pacifica Café, and they stare past my
shoulder at the ocean while I stare at them.”

San Diego has always had magnificent scenery. Now that it has science in
abundance, too, what destination could be more attractive for talented biologists
wishing to ‘have it all,” to mix stimulating work, professional success and recognition,
and leisure or adventure in an idyllic geographic setting?’ For bioresearchers, San
Diego is now one of the few places in the world ‘where the action is.” Kary Mullis,
one of several Nobel laureates in physiology or medicine with ties to the city, sums up

its allure in this way: “...at least with biological scientists, they come here to be

? Dolan, “Best Places: San DNAgo.”

3 Cary Groner, “California Dreamin,”” Biopeople 38, April 1, 2002. Joseph D. Panetta, President and
CEO of BIOCOM/San Diego, the region’s leading life science trade association, relates personal
conversations with two of the city’s scientific luminaries: “I asked Jonas Salk why he came here and he
said the weather. I asked Francis Crick why he came here and he said the weather.” See Paul Smaglik,
“San Diego: California Dreaming,” NatureJobs March 13, 2003, 422: 240 — 241.

* According to psychologists’ instruments that purport to measure satisfaction, Californians are no more
satisfied, or “happier’ than people living elsewhere (although many apparently assume that they must
be). See David A. Schkade and Daniel Kahneman, “Does Living in California Make People Happy? A
Focusing Illusion in Judgments of Life Satisfaction,” Psychological Science 9, 1998: 340-346. Moving
to Southern California may not consistently deliver anticipated psychic benefits, but scientists who
relocate to San Diego could be an exceptional group.
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5 The life sciences are alive

around other biological scientists. That, and the surfing.
and well in Southern California. San Diego’s now famous academic institutions were
founded on the idea of bringing high profile, cutting-edge biological and medical
research to the city, and they succeeded.

For a brief time in the 1960s and 1970s, these institutions stood alone on their
perches high above the beaches and rocky coves of the Southern California shoreline.
In the past twenty-five years, however, the mesas and canyons surrounding these
cathedrals of science and higher learning have become heavily populated by new
biotechnology companies and sleek industrial parks constructed to house them.

These locales now serve as geographic centers of gravity for thousands of people and
billions of dollars of venture and corporate capital. On the northern fringes of the city,
much dusty coastal scrub has been replaced by ribbons of concrete, imported palm
trees, and state-of-the-art pharmaceutical laboratories obscured from view by shiny
modern and postmodern facades. The city of San Diego has established a presence, a

tentative foothold, in the ethical drug industry. The pharmaceutical trade has long

been dominated by large international corporations headquartered ‘back east’ in the

> Scott LaFee, “A Salute to San Diego’s Nobelists: Gala at Hotel del Coronado Timed to Echo
Stockholm Event,” San Diego Union Tribune December 11, 1999.

% The term ‘biotechnology’ is somewhat vague. Ifread broadly as ‘the uses of life for human purposes,’
then the ancient arts of baking, brewing, agriculture, and animal husbandry can be included under this
rubric. See Robert Bud, The Uses of Life: A History of Biotechnology, Cambridge: Cambridge
University Press, 1993. In common usage, ‘biotechnology’ refers to recombinant DNA techniques, the
tools of molecular biology and molecular genetics, but also many belonging to biochemistry, cell
biology, microbiology, immunology, and other biological specialties. These methods are often applied
in combination with techniques derived from organic chemistry, various fields of engineering, and a
host of other disciplines not ordinarily classed as life sciences. In addition to health care, the chemical
industry and modern agribusiness are other fields that have been impacted significantly by
biotechnologies. Applications in these areas share many technical and, to a lesser degree, certain
organizational family resemblances with those in biomedicine, but naturally there are also significant
discontinuities as well. This study is concerned exclusively with the health care industry.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



United States, and in Europe and Japan. These giants still rule the world of drug
design and manufacturing, but small biotechnology companies presently constitute a
new locus of innovation in the field, and San Diego owns a substantial piece of the
action.” The city features the third largest concentration of commercial biotechnology
firms in the world.®

Although sensitive to the mercurial fortunes of the industry as a whole in larger

national and international contexts, the biotechnology community in San Diego

7 When referring to biotechnology as a sector of the health care industry, I mean to indicate companies
of recent vintage (i.e., started within the past thirty years) that generally share the following
characteristics: they pursue research and development programs with scientific techniques invented in
academic laboratories, not in corporate pharmaceutical houses (although this is rapidly changing as
research conducted in commercial settings yields new biological tools); they are in the business of using
these techniques to design therapeutics, diagnostics, and drug delivery systems, or to compile genomic
or bioinformatic databases; their R&D, clinical testing, and manufacturing activities are regulated and
monitored by sections of the FDA; they are typically financed in their initial stages by venture capital;
and, when they manage to go public, they usually issue stock to be traded on the NASDAQ exchange.
This categorization corresponds to that employed by financial analysts and the business press; it
classifies firms by rough historical, financial, organizational, and technical criteria within the health
care industry. Apart from this broad usage, the term ‘biotech’ carries little meaning to practitioners in
the field. They certainly recognize interests and problems common to firms with similar financial and
organizational histories, but they naturally make much finer technical distinctions. They locate
companies in industry niches defined by very specific markets, and, within them, product development
strategies and narrow areas of technical specialization.

® Numerous studies have corroborated this ranking. See Joseph Cortright and Haike Mayer, Signs of
Life: The Growth of Biotechnology Centers in the U.S., Washington, D.C.: Brookings Institution
Center on Urban and Metropolitan Policy, 2002. The two leading regions, according to most reports,
are the San Francisco Bay Area (where biotech firms are scattered among various South and East Bay
suburbs) and New England (with most companies clustered around the Boston-Cambridge area).
However, as Southern California industry folk are quick to point out, San Diego’s concentration is the
densest. If the number of biotech ventures situated within the confines of a single municipality is taken
as the measure, then San Diego, with over two hundred, is far and away the world leader. Industry
booster Joseph D. Pannetta, president and CEO of BIOCOM/San Diego, says, “San Diego now lays
claim to the most concentrated and diverse life science cluster in the world. More than 35,000 people
work at...400 companies located within the county's 4,200 square miles. That’s 38 percent more life
science companies per square mile than the Bay Area, a region long thought to be the center of
biotech.” See Joseph D. Pannetta, “The State of San Diego’s Biotechnology Industry,” San Diego Daily
Transcript, September 18, 2002. (Included among Pannetta’s “400 companies” are numerous
manufacturers of medical devices, scientific mstruments, chemical products, and other medical and
scientific goods and services; the number of dedicated biotech firms in San Diego county at the time
was 216). Density is not merely a matter of bragging rights. Significant economic advantages may
accrue to interdependent high-tech firms conducting business in close proximity to each other within a
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continues to expand — at a rate equaling that of any other region. Each year, millions
of dollars in venture capital are dedicated to new life science companies in various
stages of development, and dozens of R&D partnerships are forged between local
firms and large corporations in the health care industry.” As is the case with other
centers of commercial ‘biotech’ activity, San Diego features a reasonably favorable
business environment and a critical mass of localized bioscientific expertise. And
now, more than twenty-five years after the first biotechnology start-up appeared in the
city, there exists a well-established institutional infrastructure that provides requisite
human, material, technical, and financial resources to high-tech ventures.'® The
eventual prospects of commercial biotechnology are very much uncertain and
dependent on the future performances of firms and research teams as they engage the
difficult task of bringing competitive diagnostic and pharmaceutical products to health
care markets. Still, the nascent industry in San Diego perhaps has the potential to

become a long-term staple of the local economy."!

single, integrated policy regime. See Annal.ee Saxenian, Regional Advantage: Culture and
Competition in Silicon Valley and Route 128, Cambridge, MA: Harvard University Press, 1994.

? In 2000, venture fund investors poured a record $402 million into new San Diego life science
companies. See San Diego Regional Economic Development Corporation, San Diego Book of Facts,
San Diego, CA: San Diego Regional Economic Development Corporation, 2002.

10'See Ross DeVol, Perry Wong, Junghoon Ki, Armen Bedroussian, and Rob Koepp, America's Biotech
and Life Science Clusters: San Diego's Position and Economic Contributions, Santa Monica, CA:
Milken Institute, 2004. This study asserts that San Diego’s biotech industry is the most ‘sustainable’ in
the nation, because of the research infrastructure (bioscientists, academic research institutions, and
research funding) that supports it, and its demonstrated vitality in the past and present (in terms of new
firm, job, product, and wealth creation). Following San Diego are Boston and North Carolina’s
Research Triangle. San Diego boosters will surely be citing this report for some time to come, since it
enables them to proclaim that ‘We’re #1.’

! Edward J. Blakely, Kelvin W. Willoughby, and Nancy Nishikawa, “The Economic Development
Potential of California’s Biotechnology Industry,” California Policy Seminar Brief 3, 4, 1991.
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Many in the community are wagering that, in the 21 century, the continued
emergence and growth of small biotechnology companies in San Diego will (along
with similar developments in telecommunications, microelectronics, and software)12
enable the city to keep pace and remain competitive in the emerging post-industrial
global economy. Civic leaders in business, government, and the academy have
become enthusiastic boosters. They look to high-tech industries like biotechnology to
deliver jobs, expand the municipal tax base, attract skilled workers, and contribute in
many ancillary ways to the social and cultural vitality of the city."> They are working
cooperatively to accommodate and encourage high-tech development, to create an

institutional environment and a policy regime that will perhaps spur the formation of

"2 Mario C. Aguilera, “S.D. Hotbed for New High-Techs / Survey Ranks Area Tops for Jobs in
Southern California,” San Diego Daily Transcript, March 23, 1995. A recent analysis conducted by the
Progessive Policy Institute, a Democratic Party-sponsored think tank, ranks San Diego fifth among
large U.S. metropolitan areas successfully adapting to the “new economy” and positioning themselves
for future economic prosperity within it. See Robert D. Atkinson and Paul D. Gottlieb, The
Metropolitan New Economy Index, Washington, D.C.: Progressive Policy Institute, Technology and
New Economy Project, April 2001. The indicators used to analyze metro ‘high-tech’ performance
include the export orientation of manufacturing; the number of “gazelle” companies (those with sales
growth of 20% or more for four straight years); rates of new company start-ups and IPOs (initial public
offerings); the concentration of professional and technical “knowledge” workers; the number of science
and engineering graduates from local colleges and universities; expenditures on research and
development; the number of patents granted to local organizations; and the level of venture capital
investments. The authors maintain that the index is weighted to assess the quality of an area’s
“innovation infrastructure” and its “innovation capacity.” Ahead of San Diego in the overall rankings
are the San Francisco Bay Area, Austin, TX, Seattle, WA, and Raleigh-Durham, NC. Just behind are
Washington, D.C., Denver, CO, Boston, MA, and Salt Lake City, UT.

13 Precisely where and how the indirect benefits of high-tech activity will appear and accumulate
remains uncertain. For example, while ‘new economy’ businesses boomed in San Diego during the
1990s, corporate support of the arts declined. This trend prompted Alan Ziter, executive director of the
San Diego Performing Arts League, to write in a newspaper opinion piece: “Just as San Diego’s arts
and culture organizations are challenged to achieve creative excellence, we challenge San Diego’s
business community to match the commitment of funding made by their counterparts in other leading
cities.” Ziter attributes the funding tail-off to the disappearance of older, established, and reliable
corporate sponsors. The ‘agile,” ‘lean,” and relatively small high-tech newcomers have yet to pick up
all of the slack. See Alan Ziter, “Linking Business and the Arts in San Diego,” San Diego Union-
Tribune, October 31, 1999.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Southern California complements to Silicon Valley." In the case of the life sciences,
they hope that industrialists will be able to establish a permanent, self-sustaining
“Biotech Beach.”"> And well aware of initiatives in other states to lure biotech
companies away from their present bases of operation, San Diegans have jealously
guarded these promising economic resources. During the city’s 1992 mayoral race,
the Republican candidate (Susan Golding) and the Democratic candidate (Peter
Navarro) both declared commitments to assisting and retaining high-tech industries,
and the biomedical industry in particular. A newspaper report on the two campaigns
quizzed readers: “Who said the following? ‘We must concentrate on keeping existing
businesses in town. Biomedical and biotechnology firms are the keys to San Diego's
economic future. Red tape and regulation are strangling commerce.” Susan Golding?
Peter Navarro? The answer is both.”'® Julie Meier Wright, President and CEO of the

San Diego Regional Economic Development Corp., remarked, “Our goal is to be

' See San Diego Regional Chamber of Commerce, State of California Office of the Governor,
California Technology Trade and Commerce Agency, San Diego Regional Technology Alliance, and
BIOCOM San Diego, Taking Action for Tomorrow: San Diego Life Sciences Strategic Action Plan,
San Diego, CA: San Diego Regional Technology Alliance, May 2003; John Griffing, Silicon Valley II:
A Review of State Policy Development Incentives, Sacramento, CA: State of California Senate Office
of Research, 1985.

" Rick Shaughnessy, “The Search for San Diego’s New Economy / Recovery May Depend on New
Players as the Traditional Industries Fade Away,” San Diego Union-Tribune, June 12, 1994, p. A-1.
The name ‘Biotech Beach’ has been trademarked by Biospace, Inc., a company that specializes in web-
based products and information services to life science companies. The site of the local industry, the
“spectacular palm-tree-lined coast” of San Diego County, has also been described as a tempting garden
paradise; see Elizabeth K. Wilson, “Biotech Eden,” Chemical & Engineering News 79, 10, March 5,
2001, pp. 41-49.

'® Pat Flynn and Ray Huard, “Mayoral Rivals Echoing Policy / Golding, Navarro Seek Business Vote,”
San Diego Union-Tribune, September 21, 1992, p. Al. Golding won. She was re-elected in 1996,
garnering 78% of the vote. Her pro-business policies drew consistently favorable reviews from
executives in the local biomedical industry.
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mindful of what we have...so we don’t give these other states an opportunity to get
their foot in the door.”"’
CLUSTERS

San Diego was once a relatively sleepy Navy town, largely dependent on
tourism, small-scale manufacturing, and the aviation and aerospace segments of the
defense industry for its economic livelihood. In the late 1980s and early 1990s, the
end of the Cold War and the deepest recession to hit the state of California in fifty
years finally closed the curtain on that era in the region’s economic history. Deep
cutbacks in the city’s traditional strengths indicated that future growth would likely
have to be sustained in other industrial quarters. Out of necessity, San Diego has now
placed its bets on late advances in the sciences and in engineering. San Diego’s
business and government leaders have formulated an ‘industry cluster’ based approach
to supporting and promoting economic growth.'® Clusters are defined as groups of
interdependent, export-oriented, wealth generating enterprises. SANDAG, the San
Diego Association of Governments, has identified a number of these clusters as

‘economic drivers’ (i.e., industries that have the potential to form the economic base

of a region and broadly support progress and growth in other sectors of a regional

"7 Thomas Kupper, “N.Y. Parley Highlights Grab for Biotech Plums / Areas Aim to Attract Burgeoning
Industry,” San Diego Union-Tribune, June 19, 1998, p. C1. See also Robert Macmillan, “Biotech: How
to Steal a Culture,” Washington Post, June 1, 2004; and Denise Gellene, “In Land of Biotech Giants,
Visitors Seek a Bit of Turf,” Los Angeles Times, June 1, 2004.

¥ See Michael E. Porter, Clusters of Innovation Initiative; San Diego, Washington, D.C.: Council on
Competitiveness, Monitor Group, and ontheFrontier, April 2001; San Diego Association of
Governments (SANDAG), San Diego Regional Employment Clusters: Engines of the Modern
Economy, San Diego, CA: SANDAG/Source Point, May-June 1998 (updated 2001); and San Diego
Association of Governments (SANDAG), Creating Prosperity: San Diego Regional Economic
Prosperity Strategy, San Diego, CA: SANDAG, July 1998.
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economy).”” The biotech industry is one of these ‘targeted’ sectors, along with
biomedical goods and services, telecommunications, computer and electronics
manufacturing, defense and transportation manufacturing, software and computer
services, business services, financial services, and environmental technologies.20
Among the targeted clusters, ‘emerging’ (young and rapidly expanding) high-
tech industries like biotechnology are receiving special attention and support because
they feature relatively high average wages. Per-capita income is one of the key
measures that San Diego economists and policy makers are using to gauge the
economic health of the city and the region. Elevating this figure has become a
primary policy goal. By 1998, the average wage for workers in San Diego
biotechnology companies had reached $53,000, second only to software and computer
services ($63,534) among regional industry clusters.”’ The biotech field also hires
workers with the highest levels of educational attainment, and provides employees

with better health insurance, retirement, and additional employment benefits than most

' San Diego Regional Technology Alliance, Industrial Clusters in the San Diego Region, San Diego,
CA: San Diego Regional Technology Alliance/SANDAG, n.d.

2 Non-targeted clusters include tourism, entertainment and amusement, agriculture, horticulture,
medical services, and recreational goods manufacturing. All other regional economic activity falls into
a residual category — businesses that do not meet the firm density and interdependence, export, and
wage criteria that define industrial clusters.

2l SANDAG, San Diego Regional Employment Clusters: Export Driven, San Diego, CA:
SANDAG/Source Point, May-June 1998, p. 8. The slope of the curve across the average high-tech
organizational hierarchy is not reported, but the compensation of San Diego CEOs and other executives
at the top of the heap is generous, newsworthy, and occasionally a subject of controversy. See Michael
Kinsman, “Annual Executive Salary Survey: Top Area CEOs Average $342,000 — up 12.9%,” San
Diego Union-Tribune, July 27, 1993, p. C-1; Thomas Kupper, “Top Pay,” San Diego Union-Tribune,
June 30, 2002. Even before the Enron and WorldCom scandals became front page news, media reports
of exorbitant compensation packages and, occasionally, executive misconduct, had begun to strain the
trust of investors and consumers in corporate officials (and CEOs in particular). See Rob Walker,
“Why Jack Welch Isn’t God ~ Overvalued,” The New Republic, June 11, 2001.
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other regional industries.”* This is an employment base that San Diego officials are
eager to broaden.

Of course, critics are quick to note that many San Diegans are being left behind
in the new high-tech economy. Working to help technology firms expand their
operations is fine, they say, but they doubt that current policies designed to aid new
‘knowledge-based’ ventures will contribute to what they consider equitable
distributions of the wealth that these companies create. Economists working for the
labor-affiliated Center for Policy Initiatives, for example, argue that the region’s
political and economic focus on the development of high-tech industry will serve to
reinforce and deepen existing social inequalities.”> While recognizing the crucial
importance of the targeted high-tech clusters for the region’s economic future, they do
not consider high-tech innovation a cure-all. They point out that jobs lost in the
region’s former defense manufacturing base have been replaced by more low-paying
service sector positions than by relatively high-paying science and engineering
positions. Of the new jobs created in San Diego during the 1990s, more were opened
in the tourism industry (28,352), where the median annual income was below $13,000,

than in any of the high-tech clusters. The number of new jobs created in targeted

2 San Diego Regional Technology Alliance, Industrial Clusters in the San Diego Region, San Diego,
CA: San Diego Regional Technology Alliance/SANDAG, n.d.

» Enrico A. Marcelli, Sundari Baru, and Daniel Cohen, Planning for Shared Prosperity or Growing
Inequality? An In-Depth Look at San Diego’s Leading Industry Clusters, San Diego, CA: Center on
Policy Initiatives, 2000. For a general discussion of growing social inequalities in American high-tech
centers, see Joel Kotkin, The New Geography: How the Digital Revolution is Reshaping the American
Landscape, New York: Random House, 2000.
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industries combined during this period totaled 36,794.>* By 1998, the targeted clusters
still accounted for only 18% of regional employment; 22% percent of jobs within them
paid below $18,000 per year; and 15% offered no health insurance benefits.”® The
critics anticipate, in addition, that as emerging clusters mature, reductions in average
salaries, benefits, and educational qualifications within them will eventually become
trends, along with increases in temporary employment.

The cluster building approach is premised on the notion that high-tech
development will expand opportunities for education, training, and earning for all
segments of the regional population, and so, promote the general welfare.® The labor
economists remain skeptical about forecasts of significant trickle-down flows. They
believe that economic policies in San Diego, as elsewhere in the country and around
the world, are enabling the rich to get richer, while the poor get ever poorer. They
draw on an industrial location analysis for supporting evidence. The city’s material
inequalities can be mapped geographically. High-tech development has occurred

largely in the affluent suburbs at the north end of the city. The new wealth generated

* Marcelli, Baru, and Cohen, Planning for Shared Prosperity or Growing Inequality?, p. 11. This
represents a 31.8% increase in the cluster. A San Diego Association of Governments report, in contrast,
reports only a 1% increase in ‘visitor industry services’ cluster employment — a total of 390 jobs —
during the same period. See SANDAG, San Diego Regional Employment Clusters: Export Driven, San
Diego, CA: SANDAG/Source Point, May-June 1998, p. 8.

> Marcelli, Baru, and Cohen, Planning for Shared Prosperity or Growing Inequality?, pp. viii-ix.

% As examples, local leaders point to efforts like Operation Pipeline, an educational program
spearheaded by the San Diego Regional Economic Development Corp. Operation Pipeline involves
San Diego schools, local colleges and universities, and a number of the area’s successful high-tech
businesses. Its objective is to provide a better educated workforce for local high-tech companies by 1)
raising standards and improving science and math instruction in area classrooms; 2) informing high
school seniors and their teachers about educational and occupational opportunities; and 3) increasing
high-tech internships and job fairs. See “Pipeline May Produce Bumper Crop of Workers for Local
High-Tech, Biotech Firms,” San Diego Business Journal, August 10, 1998, pp. 13-14.
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by high-tech enterprises is being concentrated there as well. Non-targeted industrial
clusters and working class San Diegans continue to reside, by and large, in the city’s
relatively impoverished south end.?” In order to alleviate existing poverty and social
polarization in San Diego, and to prevent opportunity and resource gaps from growing
further, the labor economists insist that broader investments in human capital are
necessary. They urge that even greater flows of public and private monies be diverted
from direct support of targeted clusters to education and job-training programs.
Redoubled efforts must be made, they contend, to provide low-income, working class
San Diegans with skills they will need to compete in the labor markets of the new
economy.”® They also recommend the implementation of costly “shared prosperity
standards” that would encourage higher wages, greater employment benefits, more
full-time employment, unionization, and race and gender equity across all industrial
sectors.” Attached to these recommendations is a warning and an appeal to the

interests of San Diego’s planners and industrialists: the burden of poverty will

%7 Marcelli, Baru, and Cohen, Planning for Shared Prosperity or Growing Inequality?, p.48.

¥ Mary Lindenstein Walshok, a San Diego educator and proponent of academic contributions to
knowledge-based commerce, concedes that “[t]he lack of basic education and workplace skills among
significant numbers of poor and minority groups needing to find useful work in a fast-paced,
technology-driven economy is sobering indeed.” She suggests that the universities that create the
knowledge that drives high-tech innovation may also be able to contribute simultaneously to economic
growth and the welfare of poor and minority communities by creating knowledge about how more
effectively to train a high-tech workforce: “Alternative economic development strategies sensitive to
the histories and the distinct character of inner-city and ethnic groups need research and evaluation.
Expanded research on the relative effectiveness of culturally sensitive approaches to teaching and
learning may be in order.” See Mary Lindenstein Walshok, Knowledge Without Boundaries: What
America’s Research Universities Can Do for the Economy, the Workplace, and the Community, San
Francisco, CA: Jossey-Bass, 1995; pp. 112-114.

* Marcelli, Baru, and Cohen, Planning for Shared Prosperity or Growing Inequality?, p. 59-65.
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eventually become an impediment to regional growth and a drag on the development
of high-tech clusters.

In response to these arguments, the official line of regional governments and
business leaders is pragmatic. They counter that, as perfect as San Diego’s climate
may be, residents of the city do not live in a perfect world. They insist that policy
makers must play the hands they are dealt, and that the principal challenge faced now
by San Diego is the reconstruction of a sound economic base. They have concluded
that, given the limited resources available for the promotion of regional development,
San Diego’s many communities and neighborhoods will be best served by enabling
new high-tech industries to realize their potentials for growth. The creation of good
jobs in these fields has become the first priority of San Diego’s economic planners.
Julie Meier Wright, head of the San Diego Regional Economic Development Corp.,
wards off criticisms about the narrowness of the cluster support strategy by reiterating
the new economic reality: good manufacturing jobs are gone and “they’re not going to
come back.”’ She, in concert with many like-minded observers, advises the
continuing formulation of policies that will aid industries with the capacity to deliver
quality replacements. The faith of San Diego’s economic and political elite has been
placed in the market and high-tech innovation. For the powers-that-be, there is no
viable alternative to lending full and unconditional support to new high-tech

industries. They optimistically advertise the creation and expansion of high-tech

*® Thomas Kupper, “Most San Diegans Not Benefiting From High-Tech Boom, Study Finds,” San
Diego Union-Tribune, September 21, 2000.
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enterprise as a means of achieving prosperity and improving the conditions and quality
of life of all San Diegans.’’

In traditionally conservative San Diego, this view is by far the dominant one.
Drowning out the voices of those who believe that staying the course will mainly
benefit the ‘new rich’ at the expense of San Diego’s working class are waves of daily
press releases touting the wonders of high-tech invention and the financial rewards of
high-tech commerce. Nevertheless, there is a broad consensus that spans both sides of
the political fence. All agree that no matter how the pie is sliced, the growth and
development of high-tech businesses will be a critical component in the economic life
of the city in the 21* century. As it stands, San Diego is now purposefully attempting
to transform itself into a vibrant Mecca for emerging high technologies.*> Sanguine
commentators envision the area as a ‘technopolis,” a booming post-industrial ‘region
of innovation’ nourished by participation in knowledge-based commerce around the
Pacific Rim.”> The city has made significant progress toward this goal, and is now

regarded by others as a model for generating wealth and managing transitions and

*! SANDAG, Creating Prosperity: San Diego Regional Economic Prosperity Strategy, San Diego, CA:
SANDAG, July 1998.

32 Or, as an anonymous staff writer for The Economist colorfully describes places of this kind, a high-
tech “Nerdistan.” See “Place Matters,” The Economist, November 9, 2000.

33 See “San Diego: Futureville,” The Economist, February 3, 1996, pp. 20-21; Edward J. Blakely, “The
Citistate of the Pacific Rim,” Working Paper #598, Institute of Urban and Regional Development,
University of California at Berkeley, 1993. See also, for general discussions, Manuel Castells and Peter
Hall, Technopoles: The Making of 21st Century Industrial Complexes, London: Routledge, 1994;
David V. Gibson, George Kozmetsky, and Raymond W. Smilor, eds., The Technopolis Phenomenon:
Smart Cities, Fast Systems, Global Networks, Lanham, MD: Rowman & Littlefield, 1992; Allen J.
Scott, Technopolis: High-Technology, Industry, and Regional Development in Southern California,
Berkeley, CA: University of California Press, 1993; Raymond W. Smilor, George Kozmetsky, and
David V. Gibson, Creating the Technopolis: Linking Technology, Commercialization, and Economic
Development, Cambridge, MA: Ballinger, 1986.
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reorientations in the global economy.>* The development of biotechnologies is just
one aspect of the city’s current economic restructuring plans, but policymakers
perceive it to be a crucial one.”” In terms of generating wealth and contributing to
industrial renewal in years to come, the possibilities for the city’s cluster of
biotechnology companies appear to be unmatched. So large and lucrative are markets
for pharmaceuticals that a few successes in this area could offset a host of failures.*®
Should fortune shine on San Diego as dependably as the sun, biotechnologies
may well facilitate the transition of the city’s economy from its modest manufacturing
and defense contracting past to a prosperous future (for at least some) based on
decentralized technological innovation. By the turn of the century, over 200 young
biotechnology companies were operating locally (and roughly a fifth of these were

publicly traded).”” The Greater San Diego Chamber of Commerce reported in 1999

** Policymakers in Philadelphia, for example, have commissioned a ‘reconnaissance’ of San Diego, in
hopes of discovering the secret to its success. See Basil J. Whiting, Greater Philadelphia First, Reports
on the Competition: “San Diego: Technology’s Perfect Climate”, Philadelphia, PA: Greater
Philadelphia First, 2002. See, also, McKinsey & Co., “Strategy to Accelerate Technological Growth in
Houston,” Houston, TX: Houston Technology Center, April 4, 2000.

% SANDAG, San Diego Regional Employment Clusters: Export Driven, San Diego, CA:
SANDAG/Source Point, May-June 1998.

*% A 1997 report released by the U.S. Department of Commerce forecast that the global market for
bioengineered medical products could exceed $28 billion by 2006. See John Paugh and John C.
Lawrence, Meeting the Challenge: U.S. Industry Faces the 21 Century: The Biotechnology Industry,
Washington, D.C.: U.S. Department of Commerce, Office of Technology Policy, 1997, p. 34. In 2000,
IMS Health, a health care market research, business analysis, and forecasting service, estimated the
total worldwide pharmaceutical market at $317 billion. With most populations in the world either
growing in number or aging, demand will almost certainly increase, and the size of the global market
will expand still further with introductions of new therapies for conditions that now lack effective
treatments.

*7 Thomas Kupper, “Biotech Businesses Abound But Breakthroughs Scarce,” San Diego Union-
Tribune, June 25, 2001; Bioscience Directory, 1998 San Diego County Edition, La Jolla, CA:
Technology Director Publishing, 1998.
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that the number of people finding employment in these firms had surpassed 25,000.%
The notion of a permanent ‘Biotech Beach’ in San Diego is beginning to look
increasingly like a reality. The economic impact of the life sciences in the city and the
region over the past twenty-five years has been significant, and it is still growing.”
Only time will tell, but the biomedical industry in San Diego will perhaps play a
central role as the city attempts to reinvent itself in a high-tech mold.

Beyond stating the value of participation in the ‘new economy,’ industrialists
and civic leaders in San Diego are able to make a further plea to encourage public
support of the local biotechnology industry. To counter academic attacks on the
political economy of pharmaceutical innovation, growing public skepticism about the
risks of genetic research and engineering (particularly in agricultural applications), and

growing concerns about ethical dilemmas associated with genetic testing, cloning,

** «“High Tech Employment Here Climbs to a Record 110,300,” San Diego Union-Tribune, September
23,1999.

** In addition to ‘biotech’ companies conducting R&D on therapeutics and diagnostics, the blossoming
of the biomedical industry in San Diego County has featured the formation of many other ventures that
provide a broader array of scientific and medical goods and services. These companies manufacture,
among other things, medical devices of various kinds, laboratory instruments and appliances, hospital
equipment and supplies, and chemical and biological reagents for scientific and clinical use. Other
firms perform pre-clinical and clinical contract research; several operate specialized contract
manufacturing and packaging facilities, and still more offer scientific, regulatory, and business
consulting services. When these enterprises are included, the employment figure for the San Diego
biomedical industry rises to more than 32,000, by some estimates. See Thomas Kupper, “Biotech
Businesses Abound But Breakthroughs Scarce,” San Diego Union-Tribune, June 25, 2001; Bioscience
Directory, 1998 San Diego County Edition, La Jolla, CA: Technology Directory Publishing, 1998. Not
tallied in these counts are life science personnel working at the University of California, San Diego, San
Diego State University, and the city’s various non-profit research institutes that conduct biological
studies. Also unaccounted for are numerous financial, marketing, advertising, publishing, law,
architecture, construction, and real estate firms that orient their professional and technical services to
the needs of biomedical community. For lists that illustrate the number and diversity of organizations
involved in the local biomedical industry, see the membership and sponsorship rosters of BIOCOM,
San Diego’s local bio-trade association, at http://www.biocom.org; UCSD CONNECT, a University of
California, San Diego extension office that works to promote the transfer and entrepreneurial
commercialization of the university’s intellectual properties, at http://www.connect.org; and the San
Diego Regional Technology Alliance, at http://www.sdrta.org.
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stem cell research, and the commercialization of biological knowledge," they are
proud to remind detractors that the city’s new biotech companies are attempting to
improve health and develop cures for dread diseases. When new biopharmaceuticals
are introduced to health care markets, they are made available at steep prices,
naturally, because the costs of drug development, testing, production, and marketing
are immense. But if biotech companies can invent and manufacture effective remedies
for ailments like cancer, heart disease, diabetes, AIDS, Alzheimer’s disease, and so
on, many consumers will consider them bargains, no matter what the cost. As Dick
Murphy, the mayor of San Diego, says: “There is no doubt that our local
biotechnology companies contribute enormously to our city's economy. But the work
that they do means far more than just dollars and cents. . . . For many, it means the
difference between life and death.”*' San Diego is becoming widely recognized as a
model for industrial development and wealth creation in the ‘new economy.’ It is also

becoming known around the country and the world as a center of basic and applied

40 Until the late 1990s, most public opposition to GMOs (genetically modified organisms) was found in
Europe; the American public remained relatively indifferent. In recent years, however, consumer
advocates, environmentalists, and some scientists in this country have begun expressing concerns and
raising questions regarding the adequacy of regulatory oversight in agricultural biotechnology, the
uncertainties and risks associated with the release of GMOs into ‘natural’ environments, and the safety
of genetically modified foods. Consequently, although agricultural biotechnology is well-established in
this country, U.S. foodmakers and farmers have begun backing away from the use of bioengineered
products, and the agbiotech industry is facing a potentially serious crisis. Bioengineered foods have
been banned in many overseas markets, and domestic markets could begin to shrink as well. Dr. Henry
Miller, senior research fellow at the Hoover Institution, goes so far as to say: “Food biotech is dead.
The potential now is an infinitesimal fraction of what most observers had hoped it would be.” For a
summary of the issues and a history of the controversy, see Kurt Eichenwald, Gina Kolata, and Melody
Petersen, “Biotechnology Food: From the Lab to a Debacle,” New York Times, January 25, 2001.
Biopharmaceutical developers have managed to steer well clear of such controversies.

1 Penni Crabitree, “Biotech Seeks to Upstage Protests,” San Diego Union-Tribune, June 22, 2001.
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biological research — a pharmacological laboratory, a place where marvelous
medicines may be invented.
HYBRITECH

To relate the story of San Diego biotechnology, I focus on the professional
biographies of a relatively small group of people, nearly all with advanced training in
the life sciences, whose paths crossed in the city at a small monoclonal antibody
company called Hybritech.** Hybritech was founded in 1978, just as the business of
biotechnology was beginning to take shape. It was San Diego’s first so-called
‘biotech’ firm. The entrepreneurs who provided the spark for this start-up were Ivor
Royston, a University of California, San Diego immunologist, and his lab technician,
Howard Birndorf. Royston and Birndorf planned to manufacture antibodies that could
be used to diagnose and treat human diseases. Hybritech was financed by Kleiner,
Perkins, Caufield & Byers, a successful Menlo Park venture capital firm. In the
beginning, this group put in $300,000, enough for Royston and Birndorf to set up a
laboratory and an office, hire a small staff, and commence work. As the company
grew, the founders recruited teams of capable scientists from high-profile universities

~ and research institutions and experienced research managers from large

pharmaceutical companies. These people were attracted by, among other things, the

2 Monoclonal antibodies are made by fusing mammalian B-lymphocytes (antibody producing immune
system cells) with myelomas (malignant bone marrow cells) that replicate indefinitely. The resulting
hybrids, like their lymphocyte parents, secrete monospecific antibodies that react to particular antigens
(immunogenic substances, a bacterium or a virus, for example) in very precise ways. Because these
hybrid cells, called hybridomas, are ‘immortal’ (cancerous), they can be maintained in culture for
extended periods, and large quantities of antibody can be harvested from them continuously.
Hybridoma techniques were first developed in Cambridge, England, in 1975, by Georges Kohler and
César Milstein. The pair were awarded a Nobel Prize for this work in 1984. Chapter five provides an
explanation of hybridoma technology, the production and uses of monoclonal antibodies.
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opportunity to develop a cutting-edge biotechnology with resources superior to those
available in universities, by the business challenges of making a start up company
work, and by options to purchase stock in the company at very low prices.
Hybritech’s R&D operation quickly put monoclonal antibody based diagnostic
products on the market, and the company expanded rapidly. Hybritech went public in
1981, and, in 1986, was purchased by Eli Lilly for a reported $374 million.* At the
time, it was the largest price that had ever been paid for a company in San Diego
County. In terms of return on investment, Hybritech had been wildly successful.
Hybritech’s career as an autonomous organization was important, not only for
its shareholders and for San Diego, but also for the business of biotechnology at large.
As one of the first and most successful companies to emerge in the nascent industry,
Hybritech’s achievements helped to validate biotechnology as an operative sector of
the pharmaceutical trade. The company was a rarity among early biotech start-ups —
within five years of its founding, it could boast of product revenues and profitability.
As Robert Teitelman observes, Hybritech established early on “a reputation for going
first-class, of doing things right.” It utilized “high powered science” and “combined
an entreprencurial flare with a businesslike aura.” In 1981, the year the company went

public, Hybritech “may have been,” says Teitelman, “the most viable biotechnology

4 «Elj Lilly sweetens bid for Hybritech to $374 million,” Wall Street Journal, December 18, 1985:
14W. The structure of the deal, and the valuation of Hybritech within it, was complicated. Estimated
price tags as high as $480 million have been reported. Hybritech’s stock was valued, in principle, at
$32 per share. Shareholders could elect to receive cash, convertible notes, warrants to purchase Lilly
stock, or contingency payment units based on Hybritech’s future performance. See Hybritech-Eli Lilly
Proxy Statement-Prospectus, February 14, 1986; Tim Knepp, “Eli Lilly's Inventive Contingent Payout
Proves a Good Prescription for Hybritech,” Buyouts & Acquisitions 5, 2 (May-June), 1987: 10-15, 37;
Casey S. Opitz, “Hybritech Incorporated,” Darden School Case #F-0793, Charlottesville, VA:
University of Virginia Darden School Foundation, 1988.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



21

firm going.”** For a time, Hybritech, and a few other biotech firms making substantial
commercial progress, subdued skeptics who believed that the efficacy of
biotechnologies had been oversold. But the sale of the company to Eli Lilly also
signaled to the giants of the industry that the time had come for them to bring their
financial and organizational muscle fully to bear on the development of
biotechnologies.*

The large corporations had initially adopted a ‘wait and see’ attitude regarding
biotechnologies, letting others shoulder the financial burdens of research on these new
and unproven tools. Most began, in the early 1980s, to dabble in molecular biology in
their own laboratories, and to support inquiries in smaller firms through contract
research and product licensing agreements. Still, the scale of these investments was
relatively modest.”® By the middle years of the decade, however, Hybritech and other
start-ups had established clear-cut technological leads in a number of specializations

(e.g., hybridoma technology and recombinant DNA). For all the advantages of size,

# Robert Teitelman, Gene Dreams: Academia, Wall Street and the Rise of Biotechnology, New York:
Basic Books, 1989, p. 77.

* Ernst & Young, LLP has maintained a number of quantitative indices to chart the health of the
biotechnology industry. One of these (no longer reported) was the Merck/Biotech Index. This measure
illustrated the disparities in size among small biotech companies and the large pharmaceutical
corporations. It compared Merck — for many years, the largest single drug manufacturer in the world —
with the biotech sector as a whole. In 2000, Merck’s product revenues totaled $40.4 billion; all biotech
companies combined brought in $25 billion. Merck’s net income was $6.8 billion; the biotech sector
lost $5.8 billion. Merck’s market capitalization was $146.5 billion; all public biotech companies (more
than 300) were valued, in sum, at $330.8 billion. (Two years earlier, however, Merck’s market value
was $162 billion while that of all public biotech companies combined totaled onty $97 billion). In
2000, Merck alone employed 69,300 people, while the entire biotech sector employed 174,000. See
Scott W. Morrison, and Glen T. Giovannetti, Biotech ‘99: Bridging the Gap; 13% Biotechnology
Industry Annual Report, Palo Alto, CA: Emst & Young LLP, 1998, p. 7; Focus on Fundamentals: The
Biotechnology Report, 15 Annual Review, Palo Alto, CA: Emst & Young, LLP, 2001.

4 See Martin Kenney, Biotechnology: The University-Industry Complex, New Haven, CT: Yale
University Press, 1986, ch. 9.
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the big houses could not expect to duplicate these advances on their own. They had
bundles of cash and manufacturing and marketing prowess, but the small companies
possessed the requisite scientific skills. The high price paid by Lilly for Hybritech
served to confirm the legitimacy of the upstarts’ new technologies as tools of drug
development. And when Eli Lilly moved, the rest of ‘Big Pharma’ could no longer
risk being left behind. Of the Lilly-Hybritech merger, Peter Drake, an industry analyst
with Kidder, Peabody & Co., said at the time: “The key question the deal raises to
pharmaceutical executives is not what is it going to cost them to get in, but rather what
will it cost if they don’t.”*” Many observers believed that the merger had sounded the
death-knell for bioscience entrepreneurs. They anticipated that the giants of the
industry would soon gobble up the puny upstarts.
DAVIDS AND GOLIATHS

The Hybritech sale did, indeed, give biotech entrepreneurs and investors a
sobering indication of just how rough the sledding might become for small concerns
attempting to go it alone. In the late 1970s and early 1980s, entrepreneurs and
investors alike had been optimistic that biotechnologies could revolutionize the
pharmaceutical industry by supporting the development of fully integrated, self-
sustaining drug companies (i.e., firms that independently manage research, product
development, regulatory affairs, manufacturing, marketing, distribution, sales, and

other functions). Only a handful of biotech companies have approached this status.

7 Ellyn E. Spragins, “Lilly and Hybritech: The Chemistry Looks Right,” Business Week, October 14,
1985: 104D.
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Amgen, located in Thousand Oaks, California, is perhaps the leading example.*®
Although a major scientific breakthrough can propel a new start-up into the
stratosphere of multi-billion dollar companies, the process of biopharmaceutical
development has proved extremely difficult, lengthy, and expensive, making this
scenario seem increasingly unlikely for most biotech firms. As means of streamlining
the process of drug discovery and testing, biotechnologies have not yet demonstrated
their superiority to conventional methods. In the early 1980s, it became apparent that
new biopharmaceuticals would become marketable only after passing through long
and costly phases of discovery, development, and testing. Since then, industry
observers have predicted that long before biotechnologies and bioengineered
medicines finally transform the drug trade as promised, colossal corporations will
have assumed proprietary control over most of them.

There are presently around 1500 biotech companies in the United States.
Shares in more than 300 are traded publicly.* Most of these companies have yet to

market products. Revenues in the biotech sector are still derived mainly from venture

8 Amgen was founded in 1980. It currently possesses rights to five of the six top-selling bioengineered
therapies on the market, including Epogen®, the leading revenue producer. See “Biotech by the
Numbers,” The Scientist, June 7, 2004; p. 49. Epogen is a recombinant form of erythropoetin (EPO), a
protein made in the kidneys that is critical to red blood cell production. The substance is used to treat
anemia in patients on dialysis. Amgen also benefits from high volume sales of another leading
biological drug called Procrit®. Marketed by Ortho Biotech, a subsidiary of Johnson & Johnson,
Procrit is a species of Amgen’s recombinant EPO. It was approved for treatment of anemias related to
the use of AZT and a wide range of chemotherapies and surgical procedures. Amgen licensed it to
Ortho for sale in non-dialysis markets. In August 1997, an arbitrator determined that Ortho had
violated the terms of the agreement. In May 1999, an Illinois Appellate Court upheld an earlier ruling
that had ordered Ortho to pay additional royalties. See “Appellate Summary,” Chicago Daily Law
Bulletin, May 5, 1999, p. 1; and Amgen, Inc., Annual Report 1998, Thousand Oaks, CA: Amgen, Inc.,
1999.

* Ernst & Young, Beyond Borders, the Global Biotechnology Report 2003, Palo Alto, CA: Ernst &
Young LLP, 2003.
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investments, public stock offerings, and corporate partnerships with larger
pharmaceutical houses. The sector’s net losses have not yet begun to recede. Its
bottom line continues to be scrawled in red ink.>® Only the top tier of biotech firms
has achieved profitability. The vast majority of companies operate with alarming
‘burn rates’ (cash expenditures) and no income-generating products. Early stage start-
ups have encountered periodic slumps in venture investing and in public equity
markets, and while the catalogue of new biomedicines available to physicians has
grown, so has the number of clinical failures mounted. Consequently, instead of
attempting to compete head-to-head with industry behemoths, biotech firms have
teamed with them in R&D collaborations. These alliances often involve equity
participation. Small companies sometimes give away the store in exchange for the
financial support they receive. For the larger drug companies, these arrangements
have provided windows on new technologies. For many small biotech firms, they
have been necessary as a matter of survival.”! The costs associated with sustaining
scientific progress are enormous. Until revenues from sales reach levels that can
support research efforts, begging is a way of life for biotech executives. And while
scientific and product development successes nudge biotech labs closer to

profitability, they also turn them into attractive targets for takeovers by larger

5% In 2002, the public companies in the biotech sector of the U.S. pharmaceutical industry lost $5.8
billion. See Ernst & Young, Beyond Borders, the Global Biotechnology Report 2003, Palo Alto, CA:
Ernst & Young LLP, 2003.

>! See Stephen R. Barley, John Freeman, and Ralph C. Hybels, “Strategic Alliances in Commercial
Biotechnology,” pp. 311-347 in Networks and Organizations: Structure, Form, and Action, eds. Nitin
Nohria and Robert G. Eccles, Boston: Harvard Business School, 1992; Gary P. Pisano, “The R&D
Boundaries of the Firm: An Empirical Analysis,” Administrative Science Quarterly 35, 1990: 153-176;
“The Governance of Innovation: Vertical Integration and Collaborative Arrangements in the
Biotechnology Industry,” Research Policy 20, 3, 1991: 237-249.
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companies eager to extend or improve their development pipelines. In this
environment, biotech firms cannot avoid dependence on capital supplied by corporate
partners, and sometimes, when pinched, they are moved to surrender control of their
intellectual properties.

In the years following Lilly’s acquisition of Hybritech in 1986, ‘Big Pharma,’
as expected, steadily expanded its commitments to biological drug discovery.”
Dreams of building start-ups into the next Merck or Pfizer largely evaporated. Many
biotech companies were bred for eventual sale, and the Hybritech example provided a
model for this strategy. Hybritech was among the highest of flyers in the early days of
commercial biotechnology. By 1986, the company had amassed a sizable war chest to
support its research. Still, the Hybritech braintrust feared that the firm would be
unable, in the long run, to sustain its progress as an independent entity. The company

had become profitable by manufacturing and marketing in vitro diagnostic kits, but

investors were waiting on the development of in vivo imaging and therapeutic

products. That was what Hybritech had advertised in its stock offerings, and that was
where the big payoff was expected. But concrete results in this area, where the
complexities of both biology and the regulatory approval process are magnified,
appeared to be still a number of years away. The board of directors decided that the

sale of the company would be the preferred means of honoring obligations to

%2 See Lynne G. Zucker, and Michael R. Darby, “Present at the Revolution: Transformation of
Technical Identity for a Large Incumbent Pharmaceutical Firm After the Biotechnological
Breakthrough,” NBER Working Paper #5243, Cambridge, MA: National Bureau of Economic
Research, August 1995; and Lynne G. Zucker, Michael R. Darby, and Marilynn B. Brewer,
“Intellectual Capital and the Birth of U.S. Biotechnology Enterprises,” NBER Working Paper #4653,
Cambridge, MA: National Bureau of Economic Research, February 1994.
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shareholders and supporting existing R&D projects. Teitelman lists Lilly’s acquisition
of Hybritech among a series of events that “marked the end of the heroic age of
biotechnology, a loss of innocence, despite the profits that investors took home.”™

The career of the company as an autonomous organization thus had a significant
impact on the development of the biotech field at large. Hybritech played an
important role in establishing biotechnologies within the pharmaceutical industry, but
the sale of the company also punctured some over-inflated hopes concerning the future
prospects of small firms working to develop bioengineered drugs.

The long-awaited weeding of the weak and small from the ranks of
independent pharmaceutical companies, however, has yet to occur in any widespread
manner, and new start-ups continue to appear and to attract significant amounts of
capital.”* Brook Byers, the venturer who first seeded Hybritech, and later invested in
many more San Diego life science companies, remarked in 1995: “I don’t think
predictions in this industry carry a lot of weight. Our sale of Hybritech to Lilly in
1986 started a wave of predictions concerning consolidations and mergers. That was
nine years ago.”> On the passing scene in the pharmaceutical business, size

apparently still doesn’t count for everything. Recent developments in the field have

convinced some stock analysts and industry insiders that the biotech sector of the drug

53 Robert Teitelman, Gene Dreams, p. 9.

> Bruce V. Bigelow, “Investment Cash Swings in Direction of Biotechs,” San Diego Union-Tribune,
July 30, 2002.

5 Quoted in Kenneth B. Lee, Jr., and G. Steven Burrill, Biotech ‘96: Pursuing Sustainability, An
Industry Annual Report, Palo Alto, CA: Ernst & Young LLP, 1995, p. 62. Predictions of the *Great
Shakeout” have a history nearly as long as the industry itself. See, for example, “Biotechnology —
Seeking the Right Corporate Combinations,” Chemical Week, September 30, 1981, p. 40.
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business will yet be able to survive in something like its present form, with numerous
small companies operating more or less independently. The success of these
companies, they say, will not depend on the discovery of blockbuster drugs or the
works of advertising, marketing, and sales armies, as is the case with the ‘Big Pharma’
corporations, but rather on innovation in specialized technological niches.’ ® The free-
standing biotech research and drug development enterprise, once widely considered an
endangered organizational form, may yet become a permanent fixture in the
pharmaceutical industry.
AN ENTREPRENEURIAL CULTURE

Again, surveying the history of Hybritech provides some lessons concerning
this trend that defies what once, before the advent of ‘post-industrial’ trade and
commerce, appeared to be cold and unforgiving economic logics. In the business of
drug design and production, bioscientific techniques emerging from academic
laboratories continue to be viewed as keys to the future, and they continue to present
commercial opportunities to persons who possess the specialized knowledge and skills
necessary to take advantage of them. Many of those who contributed to Hybritech’s
meteoric ascent in the late 1970s and early 1980s from a tiny lab and office to a multi-
million dollar diagnostics manufacturer are such persons. At Hybritech, these
individuals learned how to start and sustain a compact science-based enterprise, and to
steer it through a competitive environment inhabited by powerful titans. In San Diego,

Hybritech produced people who believe they can do big things with less. In the

% See, for example, Randall Osborne, “Genomics Will ‘Fragment’ Industry; Deconsolidation Wave
Due Next,” BioWorld Online, June 27, 2001.
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present, they continue to try, and they are still persuading others that it can be done.
Ted Greene, the company’s CEO in its early years, refers to Hybritech as “a great
training ground.”’

Shortly after Hybritech had accomplished its initial objectives of inventing and
marketing several profitable diagnostic products, its scientific and managerial teams
began to generate 1deas for new technologies and paths of research. For various
strategic reasons, many could not be developed in-house. In 1983, Howard Birndorf,
one of the original founders and then the firm’s vice-president of business
development, left Hybritech, along with Tom Adams, the company’s head of product
development, to start Gen-Probe, a DNA probe manufacturer. This was the first of
many ‘spin-offs’ involving Hybritech personnel and technologies. After Hybritech
was purchased by Lilly, this trend accelerated. Many of the key scientists and
managers that had been recruited to Hybritech in its formative years with enticements
of stock equity had become wealthy as the market value of the company soared. This
allowed them to seek out new and more exciting opportunities when they became
bored or otherwise disenchanted with changes in operations and direction instituted by
Lilly management. As industry observer Jim McCamant notes, “Hybritech’s purchase
by Lilly freed up a lot of people who were entrepreneurial and who now wanted to do

other things. Science has been in San Diego a long time, with UCSD and Scripps and

7 UCSD CONNECT video, “Meet the Entrepreneur,” May 1991.
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Salk. Hybritech helped generate the venture people — people who said, ‘Let’s do that
again.””>®

Just as these persons were exiting Hybritech, the startling returns that the
company had delivered (and the phenomenal popularity of biotech stocks on Wall
Street at the time — a response to similar success stories elsewhere) had investors
flocking to San Diego like murders of crows. Venture capitalists came to size up the
new entrepreneurs, and, in many cases, to supply them with millions of dollars with
which to pursue their ideas. The Hybritech team dispersed, but all remained in San
Diego. They remained in contact with each other, cooperatively taking advantage of
many opportunities for reproducing their success with new sets of technical and
commercial problems and goals in conducive scientific and financial environments.
The members of the original Hybritech group have since played pivotal roles in the
formation of more than fifty biotech and biomedical companies in the city of San
Diego, and four venture capital firms, as well.

All of these enterprises — the ‘begattings’ of Hybritech — are located near
Scripps, Salk, UCSD, and the academic bioscience research community. They reside
within webs of personal and professional networks established by the Hybritech folk,
and have grown by utilizing the collective scientific, financial, and managerial acumen
that these networks embody and sustain. The Hybritech group was, and continues to
be, so prolific, so well connected, and so central to the establishment and development

of the biotechnology industry in San Diego that they have become known in local

5% Quoted in Tom Gorman, “Business of Biotech Comes of Age in S.D.” Los Angeles Times, May 26,
1991: A27-A28.
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circles as the ‘Hybritech Mafia.” Bill Otterson, late director of CONNECT, a
University of California, San Diego extension office that offers a variety of services to
local high-tech entrepreneurs, once called Hybritech the “granddaddy of San Diego
biotech.”” Among San Diego industrialists, the historical significance of Hybritech’s
legacy is widely recognized.®® Much like the engineers who spawned Silicon Valley’s
semiconductor industry by spinning off companies from Fairchild Semiconductor
Corporation,®' persons departing Hybritech, Inc. to become involved in
entrepreneurial ventures have played central roles in the development of San Diego’s
‘Biotech Beach.’

The number of companies registered, corporate partnerships negotiated, or
dollars invested and earned by the Hybritech alumni can be readily charted. The full
impact of this group’s activities on the growth of the local biomedical industry is less
calculable. Understanding the contributions that these individuals have made requires
attention to the methods and practices that they employed to build Hybritech and its
‘begattings,” and to the particular circumstances within which they operated. The
Hybritech story deserves a place near center stage in the history of the biotechnology

industry, not only because the company delivered spectacular returns, but also because

*® UCSD CONNECT video, “Meet the Entrepreneur,” May 1991,

8 In February 1996, the Greater San Diego Chamber of Commerce sponsored a reception to honor the
collective accomplishments of the Hybritech folk and their contributions to the San Diego business
community. Several have received ‘Legend’ awards at the sponsored by BIOCOM, the local industry
trade association.

81 See Robert Kargon, Stuart W. Leslie, and Erica Schoenberger, “Far Beyond Big Science: Science
Regions and the Organization of Research and Development,” pp. 334-354 in Big Science: The Growth
of Large Scale Research, eds. Peter Galison and Bruce Hevly, Stanford, CA: Stanford University Press,
1992; and Annal.ee Saxenian, Regional Advantage: Culture and Competition in Silicon Valley and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



31

the persons responsible for its success went on to fashion collectively a culture of
scientific entrepreneurship in the northern suburbs of San Diego.®> Using Hybritech as
a springboard, these individuals worked to transform the city into a place that fosters
biotechnical innovation. In the course of practical personal and collective experience,
the Hybritech folk learned how to shepherd biotech companies through the arduous
process of attracting start-up money, recruiting and managing people and
technologies, procuring necessary infusions of cash at various stages of maturation,
organizing product developments, and negotiating legal and regulatory procedures and
obstacles. As Hybritech’s scientific and managerial teams devised reliable techniques
for assembling resources and solving problems, flexible ways and means of handling
these tasks became more or less conventionalized. And when spin-offs from the firm
began to dot the landscape at the north end of the city, these strategies and practices
were diffused, reproduced, and refined. To say that the Hybritech alumni invented the
biotechnology industry in San Diego may be to exaggerate only slightly. By drawing
together the various materials and forms of expertise required to make biotechnology
companies work, they broke new ground. On the unfolding paths of their plans and
actions, the Hybritech group established novel ways of conducting business and

conducting science.

Route 128, Cambridge, MA: Harvard University Press, 1994, ch. 1-2; and “The Genesis of Silicon
Valley,” Built Environment 1983, 9: 7-17.

62 Observing similar ways of doing business and science in Silicon Valley, Lee, et al. call this kind of
environment a “habitat” for entrepreneurs. See Chong-Moon Lee, William F. Miller, Marguerite Gong
Hancock, and Henry S. Rowen, The Silicon Valley Edge: A Habitat for Innovation and
Entrepreneurship, Cambridge: Cambridge University Press, 2001.
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The numerous biomedical companies in San Diego that can trace personal
connections back to Hybritech represent only a part of the company’s legacy. As
many of Hybritech’s executives and scientists moved from the ‘parent’ company to
put together new firms, their activities gave rise to an institutional milieu in which
money, managerial expertise, and technical skill circulate and are available to be
organized and applied in practical entrepreneurial projects. Largely due to the efforts
and successes of the Hybritech group, San Diego’s commercial biotech community
now features the resources — capital, know-how, and cooperation — necessary to
support sustained high-tech innovation. Narrating the careers of the Hybritech crew is
a way of explaining how this happened. Their personal histories have traversed
critical events and episodes in the maturation of the San Diego biotechnology industry.
Tracing their paths within this milieu leads one directly to times and places in which
felicitous contacts, recruitments, and agreements were made, important formal or
informal lines of communications were opened or utilized, consequential strategies
were formulated or adopted, and vital knowledge, materials, and technologies were
developed and transported from one time and place to another. Each of their stories
represents a piece of a larger social mosaic that, when assembled, depicts the creation
of an industry, the growth of a community, around the activities of what was, in the
beginning, a very small group of innovators. This community has now grown large.
It includes not only a population of discrete firms, but also an expanding infrastructure
of supporting organizations and institutions. As the members of the Hybritech team

pursued their objectives, they opened channels of communication and resource
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distribution that consolidate a field of novel technical, managerial, and financial
practices.

As this process has unfolded, competition in the industry has intensified. The
complex problems of applying biotechnologies to commercial drug development have
become more clearly defined through the efforts of researchers in both academic and
corporate settings. Investors have become ever more sophisticated regarding the
scientific uncertainties and financial risks that characterize the business. In sum, the
conditions and demands of engaging in biotech entrepreneurship have evolved, and, in
many ways, become more difficult. Yet, at the same time, methods and resources for
tackling these problems have been developed and organized. Recounting the various
ways in which these persons have contributed to Hybritech and its many ‘spin-offs’
provides a detailed portrait of how entrepreneurial actions have enabled biomedical
research and industrial development to progress in San Diego. To tell tales of careers
and companies, friendships and animosities, experiments and discoveries, decisions
and deals, is to compose genealogies of scientific and managerial techniques,
chronicles of organizational genesis and change, and to show how such histories are
interrelated, dependent as much on chance and accident as purposive design, yet
always the products of social interaction and human creativity.

The original founders, chief scientists, and managers of Hybritech were the
‘scientific entrepreneurs’ who set the San Diego biotechnology industry into motion.
As these individuals have gone about their business, they have continued to draw new
technologies and skilled persons to the city, expanding the supply of human and

material resources that today comprises the lifeblood of the local industry. They have
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worked to promote the growth and application of new knowledge and techniques in
the life sciences, and they have shared their expertise with others in order to further
the common interests of the local business community. The formation and expansion
of the biotechnology industry in San Diego can be credited in large measure to their
efforts and accomplishments. The story of the Hybritech alumni is not one of
unqualified success. The players have experienced numerous frustrations and
reversals of fortune, and witnessed many a plan come to naught. They have compiled
an impressive record of achievements, but not without making what turned out to be
mistakes and misjudgments along the way. Neither is their story one of perfect
harmony. Their associations and projects have not, of course, been devoid of rivalries
and rows. Like any family or community, the members of the Hybritech group have
had their differences — amongst themselves, and with others. Effective teamwork has
been an essential ingredient in their scientific and commercial collaborations, but,
naturally, conflicts and quarrels have periodically disrupted these efforts. Still, for all
the imperfections and inefficiencies that have characterized it, the rise of
biotechnology in San Diego has been spectacular. Within the webs of association that
have comprised and given shape to this field of action — this culture of scientific
entrepreneurship — relationships that originated in and around Hybritech have been
among the most important.

Hybritech itself is today defunct. The company never realized its promise and
its ultimate goal following the sale to Eli Lilly — that is, it never produced a cancer
therapeutic. When income from Hybritech’s line of diagnostics products began to dip

in 1994 and 1995, Lilly shut down the firm’s in vivo R&D program and unloaded the
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rest of the company to Beckman Instruments. According to unnamed sources cited by
the Wall Street Journal, the price was less than $10 million.”® All of the vigor and
promise that characterized the company when it was a technological leader in its field
had vanished, dissipated by competition and what many involved believe to be neglect
and mismanagement by the Lilly brass in Indianapolis. Three years later, Beckman
announced that it was splitting up Hybritech’s manufacturing operations, moving
pieces to Carlsbad, California, and Chaska, Minnesota.** The company retained just
over 100 employees in San Diego. For holdovers from the firm’s glory days in the
early and middle 1980s — and there were a few — the deserted laboratories and quiet
corridors of the company’s remaining facilities must have had the sad, eerie feel of a
ghost town.

A recent Forbes magazine report on the growth of high technologies in San
Diego describes Hybritech today as “a mere historical footnote.” The piece
remembers rightly, however, that Hybritech supplied the city with a “nucleus of
talent” that was critical to the formation of the local biotech industry.%> In this social
history of San Diego biotechnology, I describe how the Hybritech group came
together, how they made Hybritech work, and how they later went on, taking the
lessons of this experience, to start and direct many more life science enterprises in the

city. In terms of contributing to the growth of San Diego’s emerging high-tech

% See Thomas M. Burton and Rhonda L. Rundle, “Lilly Gets Out of Biotechnology and Medical
Diagnostics,” Wall Street Journal, October 2, 1995, p. B4.

8 See “Beckman Coulter Consolidates,” Orange County Business Journal, October 12, 1998, p. 4.

8 Tim W. F erguson, “Sun, Fun, and Ph.D.s, Too,” Forbes 163, 11, 1999: 220-229.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



36

economy, Hybritech did more than simply make money, generate jobs, and
manufacture bioengineered health care products. It also manufactured scientific
entrepreneurs. The objective of the research reported here has been to examine how
these persons, acting cooperatively in order to establish Hybritech and numerous other
companies, learned how to accomplish their entrepreneurial ends, and in so doing,
fashioned new roles for biological researchers in the pharmaceutical business, effected
significant institutional changes in science and industry, and helped to make San
Diego a world-class center of commercial biotechnical research and development.
THE NUTS AND BOLTS OF SCIENTIFIC ENTREPRENEURSHIP

This dissertation, then, focuses directly on the practical technical and
organizational work undertaken by scientific entrepreneurs as they founded new
biotechnology firms in San Diego and established research and development programs
within them. John M. Stewart, a veteran executive in the pharmaceutical industry, and
a participant in the formation and operation of several biotech companies, has
remarked: “If there is any area in which a great contribution could be made to the
understanding and fostering of entrepreneurship, it is in the range of activities that a
principal organizer must undertake in creating a new venture.”®® This work is
intended as a contribution of this kind. It is not my aim here to promote
entrepreneurship. I am simply reporting on the forms it has taken in San Diego’s
biomedical community. But I will describe in detail the activities that have comprised

successful entrepreneurship in biotechnology, the particular circumstances in which

5 John M. Stewart, “Capitalizing on New Opportunities: Entrepreneurship in Biotechnology,” pp. 23-
37 in The Business of Biotechnology: From the Bench to the Street, ed. R. Dana Ono, Boston, MA:
Butterworth-Heinemann, 1991, p. 26.
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these activities were engaged, and the outcomes of these collective pursuits. This
study narrates the technical and social changes that biologists, biochemists, physicians,
and other researchers (along with their financial partners) have produced as they have
ventured beyond the academy and established pharmaceutical companies with their
new tools. The following questions frame the empirical core of this dissertation:

o What 1s the substance of scientific entrepreneurship? How do
bioentrepreneurs go about the business of putting together
biotechnology companies and guiding them through their start-up
phases? What kinds of knowledge and skill are required for these
tasks, and where do entrepreneurs acquire them?

¢ How do bioentrepreneurs assemble the various resources that
nourish innovative life science companies? How do they attract
capital and recruit scientists, technicians, and managers? How do
they represent potential risks and rewards to others? How do they
persuade people to invest or collaborate?

e What are the genealogies of entrepreneurial biotech ventures? How
do new ‘spin off” firms emerge from within ‘parent’ companies or
research institutions? What skills, techniques, and economies of
work are transferred within a genealogy? How are they
transferred?

e What are the political, legal, and institutional support structures
upon which life science entrepreneurs depend, and how do they
attempt to secure these requirements within emerging
‘technoregions?’

e How did the involvement of bioscientists in entrepreneurial
endeavors — something once quite unusual — become
conventional?®’

To answer these general questions, I focus on the situated, concerted, and
inventive actions of particular individuals. I claim in this dissertation (and in
opposition to many social scientific theories discussed in the next chapter) that persons
rather than abstract economic, technological, or institutional ‘forces’ determine

outcomes in large-scale social processes. At the center of my account are the

%7 Steven Shapin deserves credit for this summary of research topics.
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professional biographies of a select group of scientific entrepreneurs, persons who
have played prominent roles in the formation of the biotech community in the city of
San Diego. The story that I tell is about the opportunities for economic and medical
progress that these persons identified — or, indeed, created — and how they sought to
take advantage of them. The empirical chapters of this work document how these
individuals learned, through practical personal and collective experience, the art of
high-tech entrepreneurship and how, in the process, they invented new economic and
scientific spaces. What emerges is a portrait of scientific entrepreneurship as a
thoroughly social phenomenon. The emphasis in this story, however, unlike many of
the classic sociological statements on entrepreneurship,®® is not so much on the ways
in which an entrepreneurial culture has encouraged and supported entrepreneurial
actions, but rather on the ways in which entrepreneurial actions have produced and
animated an entreprencurial culture.

Of course, the formation of the biotechnology industry took place within larger

historical and institutional processes.”’ Among these can be included the development

%8 The writings I have in mind here include: Peter Berger, Brigitte Berger, and Hansfried Kellner, The
Homeless Mind: Modernization and Consciousness, New York: Random House, 1973; Maurice H.
Dobb, “The Entrepreneur Myth,” pp. 3-15 in On Economic Theory and Socialism: Collected Papers,
London: Routledge & Kegan Paul, 1955; Everett E. Hagen, On the Theory of Social Change: How
Economic Growth Begins, Homewood, IL: Dorsey Press, 1962; David C. McClelland, The Achieving
Society, Princeton, NJ: D. van Norstrand Co., 1961; Werner Sombart, The Quintessence of Capitalism:
A Study of the History and Psychology of the Modern Business Man, trans. M. Epstein, New York: H.
Fertig, 1967 [1915]; and Max Weber, The Protestant Ethic and the Spirit of Capitalism, New York:
Charles Scribner’s Sons, 1958 [1904-1905].

% For a cautionary note to planners who would reproduce the success of Silicon Valley in other regions
by assembling or cultivating the basic ingredients (“entrepreneurial vision,” “strong university science,”
“plentiful sunshine and even more plentiful government money”) without taking into account the
complex ways in which broader institutional structures and relationships at particular historical
moments might influence local events, see Robert Kargon, Stuart W. Leslie, and Erica Schoenberger,
“Far Beyond Big Science: Science Regions and the Organization of Research and Development,” pp.
334-354 in Peter Galison and Bruce Hevly, eds., Big Science: The Growth of Large-Scale Research,
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of the life sciences (and especially molecular biology) as technical specialties and as
academic disciplines, the historical trajectories and interrelations of academic and
industrial research, patterns of federal funding for biomedical science, the corporate
structuring of the pharmaceutical and health care industries, the maturation of venture
capital organizations, the local histories of cities and regions in which commercial
biotechnology development has taken root, and the list goes on.”® Localized
appearances of new biotechnology firms in the 1970s were, to be sure, shaped
significantly by events and processes unfolding ‘at a distance’ in time and space. But
if broader structural movements prepared the ground for the emergence of this
industry, they did not ‘cause’ it, nor determine the paths of development that the field
has followed in particular times and places. The phenomenon of commercial
biotechnology as it is known today was not, and could not have been, predicted.
Structural accounts are insufficient if explanations are wanted of precisely where,
when, and how the biotech industry took shape. Any account of why a particular
region has become a major site of biopharmaceutical research and development in the

present must include a description of how scientific entrepreneurs made it so.

Stanford, CA: Stanford University Press, 1992. The authors apparently assume, however, that
‘entrepreneurial vision’ is uniformly blind or insensitive to macroscopic historical conditions and trends
that can affect entrepreneurial projects. Why this should be so is unclear. See also, Doreen B. Massey,
Paul Quintas, and David Wield, High Tech Fantasies: Science Parks in Society, Science, and Space,
London: Routledge, 1992, and Martin Kenney, ed., Understanding Silicon Valley: The Anatomy of an
Entrepreneurial Region, Stanford, CA: Stanford University Press, 2000.

7 Chapters three and four of this dissertation include potted histories of these developments, and others,
that comprise the prehistory of commercial biotechnology in San Diego.
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METHODS AND METHODOLOGY

The origins of the entrepreneurial resources found in San Diego’s biotech
community — the scientific skills, the business acumen, the managerial talent, and
organizational know-how — are as scattered and diverse as the backgrounds and
histories of the individuals who work in this place. These resources flow through and
are coordinated within social organizations and social networks, but they are, of
course, embodied in individuals. Individuals lend unique talents and skills to
corporately managed projects. These capacities are acquired and refined in the course
of practical experience and activity. Personal histories, then, are significant in the
making of innovations, and, in social and historical studies of innovations, biographies
deserve empirical attention. In this work, I try to give them their due. This
dissertation is based, to substantial degree, on biographical research. By biographical
research, I do not mean hagiography or the study of personalities — this is not a tale of
‘great men,’ heroes, visionaries, or inventive geniuses. At the same time, I do not
mean to exclude attention to actions that people, in everyday language, associate with
a person’s character or temperament, or to the uniquely creative contributions that
individuals make to processes of innovation.

In sociological accounts, there is always a balance to be struck between the
individual and society. When treated judiciously, and in accord with established

sociological grounds of inference,”' biographies can serve as windows on social

"' The specific grounds of inference to which I refer here are of the kind presupposed by Howard
Becker in his discussions of culture, that is, practical generalizations concerning the ways in which
people ‘do things together,” and against which the particulars of social life are made intelligible. See
Howard S. Becker, Doing Things Together, Evanston, IL: Northwestern University Press, 1986, ch. 1.
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processes. Marxist historian Robert M. Young emphasizes the contextualizing aspects
of biographical studies to recommend them: “Biography is human nature on the hoof,
embedded in lived contradictions, replete with meditations and articulations of social,

familial, and historical life.””

Historian of science Charles Rosenberg makes the
point in this way: “Although every life is idiosyncratic, no life is random; every life
course reflects a specific configuration of social options.””> Human beings are
fundamentally social. They live together. It is very difficult for them to survive
otherwise. So, while individuals make choices, they do so among others, and not
necessarily, to paraphrase Marx, under conditions of their own choosing. To learn
about individuals, and their choices, and the lives they lead, is, of course, to learn
about their times and places as well.

Following individuals through a society or a culture is a way of learning what
that society or culture is like. I retrace the paths of entrepreneurs in San Diego’s
biotech community, and compose chronicles of things they did together in order to
convey a sense of what this industrial ecology i1s like, and, further, to illuminate the
work that these persons did to create it. The objective here is to locate individuals and
their activities in larger social and historical contexts. In the case of biotechnology,
these contexts can be defined as particular streams of scientific and industrial

development (i.e., particular social organizations and social networks — or, to be more

precise, plural associations of empirical interest as they take shape over time).

2 Robert M. Young, “Biography: The Basic Discipline for Human Science,” Free Associations 11,
1988, pp. 108-130.

" Charles Rosenberg, “Science in American Society: A Generation of Historical Debate,” Isis 74, 1983,
p. 365.
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Research on personal histories can be employed as a means of investigating how
individuals come to meet and work together in order to engineer social and
technological change, and how they get on with the business at hand.”* Scholars in
science and technology studies sometimes compose biographical accounts, but
typically, when technological innovations are at issue, it is the design and diffusion of
particular artifacts or techniques that receive special historical and ethnographic
attention. These works are often more concerned with social histories of things than
with social histories of people (perhaps naturally, since they have typically been
undertaken to refute ‘technological determinism,” and to demonstrate that technologies
and technological systems do, in fact, have social histories that are not trivial).”

Biographical research about people can supplement accounts of this kind, and
broaden understandings of scientific and technological change, by drawing attention to
relevant situations and social processes removed in time and space from innovations
of particular interest. Studies of individual careers can tell where innovators come
from, how they happen to find themselves in situations where they can make
innovations, and how they became people who were able to do so. They can be used
to identify the paths that people follow to the specific locales and circumstances from
which innovations emerge. Knowing about these paths and the people who travel on
them 1s important when the goal of research is understanding just how and why

innovations appear in particular forms, in particular times and places. Focusing on the

7 Of course, sociologists need not produce biographies with kind of detail that historians customarily
include in order to benefit from the exercise.

75 See, for example, Lorraine Daston, ed., Biographies of Scientific Objects, Chicago: University of
Chicago Press, 2000.
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histories of persons in addition to those of organizations, artifacts, or technological
systems is a means of further exploring ‘sociotechnical’ networks.

This study employs historical and ethnographic methods. It is based primarily
on intensive interviews with persons who participated in the establishment of the
biotechnology industry in San Diego — the founders of Hybritech and its ‘spin-offs,’
key members of the scientific and managerial teams that were recruited to these
companies, and others who have played significant roles in the development of local
enterprises. These include, for example, venture financiers, and other investors, board
members, persons affiliated with local trade associations and various supporting
organizations that provide professional services to high-tech entrepreneurial ventures,
and faculty and administrators at the universities and research institutions from which
local firms have recruited personnel and technologies. In all, fifty-two interviews
were conducted, ranging from thirty minutes in length to one hundred and twenty
minutes. The personal accounts and recollections gathered in the interviews have been
used to construct histories of entrepreneurial careers, projects, and companies in San
Diego biotechnology.

Erica Shoenberger calls this method ‘corporate interviewing.”’ It is useful and
appropriate in the sociological study of industrial organization because, as
Schoenberger describes, it enables the analyst “to understand [a] firm’s observed
behavior (regarding, for example, its locational strategies), in light of the firm’s own

history and circumstances and in the context of other considerations such as the firm’s

7 Erica Schoenberger, “The Corporate Interview as a Research Method in Economic Geography,”
Professional Geographer 43, 2, 1991: 180-189.
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competitive strategy, relationship to its markets, product technology, labor relations,
the behavior of competitors, and the like.””” It also affords insight into the interactions
and practical works that concretely make up a firm’s operations and strategic
maneuverings. The corporate interview is a method well suited for exploring a broad
range of issues related to the formation of ‘industrial ecologies.” It affords access to
the diverse and dynamic social interactions that constitute such organizational fields.
Despite limitations, it has, as Schoenberger goes on to say, “the merit of recognizing
that firms are institutional agents embedded in a complex network of internal and
external relationships. They [firms] are populated by individuals faced with a myriad
of constraints and possibilities that are difficult, if not impossible to disentangle [with
quantitative methods].... The loss of statistical generalizability brings into greater
relief the real-world predicaments and strategies of these institutional agents.””®
THE TRUTH ABOUT COMPLEXITY

This dissertation is an account of real-world events. It aims to retain and
convey a bit of the ‘thickness’ of the social and historical contexts in which the events
took place. So, it is also a study of situated social interactions, and of social networks
assembled and maintained through situated interactions. On the passing scene in
sociology, network analysis is a trendy ‘methodology.” High-tech industries,

including biotechnology, have received considerable attention from network analysts

7 Schoenberger, “The Corporate Interview,” p. 180.

"8 Schoenberger, “The Corporate Interview,” p. 181.
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because of the innovative organizational forms that can be found within them.”
According to Albert-Laszl6 Barabadsi, a physicist intrigued by mathematical properties
common to network phenomena of many different kinds (e.g., the internet, the
transmission of communicable diseases, protein interactions within cells), scientific
and economic progress in biotechnology is propelled by interfirm alliances, and so, the
biotech industry offers “an unusually well documented case of network formation,
allowing us to follow and understand the emergence of networks in economic

systems.”® Most works in this genre, however, apply the physicists’ methods. They

7 Albert-Laszl6 Barabasi, Linked: The New Science of Networks: How Everything is Connected to

Everything Flse and What It Means for Science, Business, and Everyday Life, Cambridge, MA:
Perseus, 2002, p. 207. For other works that discuss the relationships between social networks, social

organizations, and social complexity, see W. Brian Arthur, Increasing Returns and Path Dependence in
the Economy, Ann Arbor, MI: University of Michigan Press, 1994; W. Brian Arthur, Steven Durlauf,
and David Lane, eds., The Economy as an Evolving Complex System 11, Reading , MA: Addison-
Wesley, Series in the Sciences of Complexity, 1997; Philip Ball, Critical Mass: How One Thing Leads
to Another, Farrar, Straus, and Giroux, 2004; Mark Buchanan, Nexus: Small Worlds and the
Groundbreaking Science of Networks, New York: W.W. Norton & Company, 2002; Mark Buchanan,
Ubiquity: The Science of History...or Why the World is Simpler than We Think, New York: Random
House, 2000; Rob Cross and Andrew Parker, The Hidden Power of Social Networks: Understanding
How Work Really Gets Done in Organizations, Boston, MA: Harvard Business School Press, 2004;
Malcolm Gladwell, The Tipping Point: How Little Things Can Make a Big Difference, Boston: Little,
Brown, 2000; Paul M. Hildreth and Chris Kimble, Knowledge Networks: Innovation Through
Communities of Practice, Hershey, PA: Idea Group Publishing, 2003; Martin Kilduff and Wenpin Tsai,
Social Networks and Organizations, London: Sage, 2003; Duncan J. Watts, Small Worlds: The
Dynamics of Networks between Order and Randomness, Princeton: Princeton University Press, 1999;
Duncan J. Watts, Six Degrees: The Science of a Connected Age, New York: W.W. Norton & Company,
2003.

80 Barabasi, Linked: The New Science of Networks, p. 207. For a critical review of the empirical
evidence supporting the ‘small world’ thesis, see Judith S. Kleinfeld, “Could It Be A Big World After
All? The ‘Six Degrees of Separation’ Myth,” Society, 2002. It is possible that the network theorists are
correct with qualifications and provisos, within certain circumscribed, empirically-defined parameters.
Network connections may often fail to link distant persons (or ‘nodes’) in real-world social interactions,
but the biotech industry may belong to a special class of social systems — systems that function in ways
(or, to say it a bit differently, are characterized by social conventions) that enhance the integrity of
network pathways.
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attempt to map the architectures of social networks in the abstract, leaving the content
and substance of network connections and associations unexamined.®!

Social life is complicated. In fact, its complexity is overwhelming. Network
analysis was developed as a technique for managing problems of complexity, but it is
not designed to conquer them. Network analysts employing mathematical tools may
be able to peel some layers off the onion, but, as Barabasi warns his friends in the
social sciences, attempts to formulate a general network of theory of society will likely
be frustrated: “The diversity of networks in business and the economy is mind-
boggling. There are policy networks, ownership networks, collaboration networks,
organizational networks...you name it. It would be impossible to integrate these
diverse interactions into a single all-encompassing web.”® As Barabasi recognizes,
the astounding complexity of social life renders comprehensive theoretical knowledge
of its logics an impossible dream. The computing power that has made contemporary
network theory applicable to sociological problems is still no match for it:

The goal before us is to understand complexity. To achieve that, we

must move beyond structure and topology and start focusing on the

dynamics that take place along the links. Networks are only the

skeleton of complexity, the highways for the various processes that

make our world hum. To describe society we must dress the links of

the social network with actual dynamical interactions between

people.”®

This study tries to ‘dress the links’ (a few, anyway) by describing the dynamic

interactions that constitute network connections and associations. The rationale for

81 See chapter one for an in-depth discussion of sociological network analysis.

82 Barabasi, Linked: The New Science of Networks, p. 225.

%3 Barabasi, Linked: The New Science of Networks, p. 225.
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doing so echoes a point that has been made countless times by qualitative
methodologists in sociology in their endless quarrels with quantitative colleagues, but
it bears repeating here because it is apropos to the topic of sociological network
analysis, too. In the study of social life, it really isn’t possible to give a satisfying
explanation of any concrete happening without telling stories about how people
(together, interactively, of course) made it happen. This is how people have been
explaining events and actions for thousands of years, and it is a good way. So, my aim
in this work has not been to construct a comprehensive chart of the social networks
that constitute the biotech industry in San Diego. Instead, this dissertation visits a few
places on a roughly sketched map in order to get a feel for the local scenery.®® Itisa
report of life on the ground in certain parts of San Diego. The kind of data that makes
up the empirical substance of this report is necessarily excised from mathematical
network analyses. Those excisions are made in attempts to reduce the complexity of
the world of concrete personal experience, which pragmatist philosopher William
James called “multitudinous beyond imagination, tangled, muddy, painful, and
perplexed.”® But in order to begin to understand how social networks function, it is
necessary to understand how they are folded into this messy reality. ‘Corporate

interviewing’ makes possible this kind of contextualization.

¥ The mental map that I’ve worked from — organized basically as a genealogy of companies on the
same family tree — is sketchy, as it must be, but it isn’t two-dimensional. It features four dimensions,
three representing locations and distances in space, and one representing the passage of time.

8 William James, “The Present Dilemma in Philosophy,” pp. 9-26 in Pragmatism and The Meaning of
Truth, Cambridge, MA: Harvard University Press, 1975; pp. 17-18.
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The interview data in this research have been supplemented by a wide range of
documentary materials — business plans, financial reports, stock offering prospectuses,
patents, licenses, legal proceedings, trade publications, scientific literatures, clinical
trial reviews, and so on.>® With information culled from these varied sources, I have
assembled professional biographies of Hybritech’s scientific entrepreneurs and case
histories of companies that they have founded. These have been blended into an
historical narrative that recounts the formation of San Diego’s biotechnology industry.
In doing so, I've tried to emulate business historian Leslie Hannah’s preference for
“telling history as it is rather than trying to generalise and fit entrepreneurs to the
rather inadequate economic theories that we have.”® Of course, the idea that history
can be told ‘as it is’ is problematic. History told is always history interpreted. Still, I
believe that many historians and social scientists harbor misconceptions about the
relationships between ‘theory’ and ‘history as it is.” I cannot address the problem here
other than to assert that, while historical accounts cannot be ‘concept free,” neither can

social science fully explicate its conceptual frameworks and grounds of inference.

% This work touches on a wide variety of technical subjects. For general background information in
these areas, and. in particular, fundamental facts and explanations typically taken for granted as
common knowledge in scientific literatures, I have relied on Neil A. Campbell, Biology, 4™ ed. Menlo
Park, CA: Addison-Wesley, 1996; Pauline M. Doran, Bioprocess Engineering Principles, San Diego,
CA: Academic Press, 1995; Kenneth Lange, Mathematical and Statistical Methods for Genetic
Analysis, New York: Springer, 1997; Harvey Lodish, David Baltimore, Arnold Berk, S. Lawrence
Zipursky, Paul Matsudaira, and James Damell, Molecular Cell Biology, 3" ed., New York: Scientific
American Books, 1995; Robert A. Myers, ed., Molecular Biology and Biotechnology, New York: VCH
Publishers, 1995; William E. Paul, Fundamental Immunology, 4hed., Philadelphia, PA: Lippincott-
Raven, 1999; Hooman H. Rashidi and Lukas K. Buehler, Bioinformatics Basics, Boca Raton, FL: CRC
Press, 2000; Lubert Stryker, Biochemistry, 4™ ed., New York: W.H. Freeman & Co., 1995; Geoffrey L.
Zubay, Biochemistry, 4" ed., Reading, MA: Addison Wesley, 1998,

%7 Leslie Hannah, “The Entrepreneur in History,” pp. 31-42 in Prime Mover of Progress: The
Entrepreneur in Capitalism and Socialism, ed. Israel Kirzner, London: The Institute of Economic
Affairs, 1980; p. 34.
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And because it can’t, neither can it formulate any coherent methodological or
epistemological distinction for the bodies of knowledge that its practitioners generate.
Certainly, when disciplinarians of various stripes tell stories about what happened in
the past, sociological histories will differ from psychological histories, economic
histories, or natural histories. And those belonging to different schools of thought
within disciplines will tell different stories, too. But no set of theoretical or conceptual
presuppositions affords any sort of epistemological privilege or distinction. Accounts
of all kinds — abstract or concrete, explanatory or descriptive, nomothetic or
idiographic, ‘disciplined’ or ‘undisciplined’ — rest, at last, on their plausibility.

This historical account of San Diego’s biotechnology industry is a ‘realist tale,’
as ethnographer John van Maanen calls stories that relate events and happenings in a
simple narrative form.*® It is a ‘realist tale’ that aims to be ‘objective,” not in the sense
that it represents the only ‘correct’ interpretation of what has transpired in San Diego’s
biomedical community in the last twenty years, but rather because it hews closely to
the ‘data,’ to the stories that entrepreneurs and scientists tell about their own activities.
From these many varied perspectives on the facts, [ have extracted an account that
does not privilege any particular view, yet tries to tell the story in a way that the
participants themselves can recognize as faithful to their own experiences. It places
facts and interpretations of facts in cultural and historical context. The facts in the

story are facts of this sort: there was, in the city of San Diego, a company called

% John van Maanen, Tales of the Field: On Writing Ethnography, Chicago: University of Chicago
Press, 1988. Van Maanen is fully aware of the epistemological baggage that realism carries around
with it. He uses the term with a touch of irony. Realist tales are about things that really happened, but
they’re tales nonetheless.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



50

Hybritech. The company rented space, raised money, hired and fired people,
developed and marketed products, reported profits and losses, and engaged in a host of
other activities. There are broad agreements among participants and onlookers
regarding many facts of this kind. But this doesn’t mean that there is a definitive story
to be told about them. Just how and why these things happened as they did, and what
it all meant, are necessarily matters of interpretation.

Putting together the full universe of facts about the formation of the San Diego
biotechnology industry in a narrative that could pass as definitive would be far too
complex a task for any single person, no matter how well situated. Participants in the
process, first-hand witnesses to history, can’t do this any more than they can stand in
two places at once, and those coming on the scene afterwards, journalists or social
scientists, for example, can’t do it, either, no matter how extensive is the
documentation at their disposal. They can never learn the story in its entirety because
the whole truth is never known by anyone. It just isn’t available. The events that
comprise something like the history of a company or the development of an industry
are far too complicated for that. There will always remain uncertainties and gaps of
knowledge. These are ineliminable, and they make it impossible for historical tales to
masquerade as complete or comprehensive. This doesn’t mean that no ‘true stories’
can be told. It simply means that there are many ‘true stories’ to tell.* So, this isn’t

the last word. It’s just a story, just one among many, just another. But it’s based on a

% This assumes that it may be possible to distinguish between ‘true’ and ‘false’ stories with reasonable
degrees of moral certainty.
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fair bit of research, and a pretty thorough familiarity with the facts and events in
question.

Beyond this, there is another kind of understanding to be culled from a realist
presentation of this kind. As personal testimonies, the views expressed in the
interviews on which the story is largely based represent interpretations and opinions.
But even if these bits of anecdotal evidence are flawed, even if recollections are biased
and inaccurate, and even if accounts offered by different participants are sometimes
contradictory, from them much can be learned about the kinds of places that Hybritech
and its progeny were and are, and how these companies and individuals within them
have gone about pursuing their objectives. The reason is this: the testimonies of
witnesses, whether true, false, or somewhere in between, naturally draw on
particularized cultural repertoires for describing events and actions. These are
established ways of understanding and talking about motives and practices that are
specific to the ‘social worlds’ of the life sciences, the pharmaceutical industry, and
others that have become intermingled in the field of commercial biotechnology.
Statements framed in these vocabularies express attitudes and cognitive and moral
orientations that have characterized these various social settings, and the new ‘hybrid’
forms of life found in the biotech industry, as well.”” Knowledge of these conventions
of communication and interpretation (and action) cannot be found in facts and figures

reported in industry databases, government documents, and the like — the sources of

% For elaborations of this methodological claim, see H.M. Collins, “The Meaning of Lies: Accounts of
Action and Participatory Research,” pp. 69-76 in Accounts and Action, eds. G. Nigel Gilbert and Peter
Abell, Aldershot: Gower, 1983; and C. Wright Mills, “Situated Actions and Vocabularies of Motive,”
American Sociological Review 5, 1940: 904-913.
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information upon which sociological and economic studies of biotechnology typically
rely.”!
WHY HYBRITECH?

To sum up, this report is a true story about an historical process, the creation of
a new social space, and the construction of a web of social networks featuring
innumerable interactions and associations. It is also, simultaneously, an interpretive
account, based on historical facts, of the formation of a new ‘hybrid culture.” One
interview subject, on listening to a description of this project, commented that [ was
“telling the wrong story.” From his point of view, any account of local developments
in this field must begin with technologies that were developed at the city’s academic
research institutions. I have no quarrel with the suggestion that scientific work
conducted at UCSD, Scripps, and Salk has been a crucial element in the formation and
continued growth of the San Diego biotechnology industry. From this angle, a
perfectly legitimate account can be constructed.”” It is not my intention to overplay
the importance of Hybritech or its success for later happenings. The histories of many
other companies and organizations in the city are noteworthy, too, although, in this
work, some of them are mentioned only in passing. Neither do I want to exaggerate
the place in the story of Hybritech’s founders or its scientific and managerial teams.

Many other people whose stories are not told here made crucial contributions to the

*! Obviously, to learn from others in this way, one must be open to the idea that there may be something
valid in descriptions that actors provide of their own activities and those of others. (And, of course, it is
not necessary to accept uncritically all that one is told).

%2 And some have been — see, for example, Carolyn Lee and Mary Walshok, “Making Connections: The
Evolution of Links Between UCSD Researchers and San Diego’s Biotech Industry,” UCSD Connect,
March 2000; Mary L. Walshok, Edward Furtek, Carolyn W.B. Lee, and Patrick H. Windham, “Building
Regional Capacity: The San Diego Experience,” Industry & Higher Education February 2002: 27-42.
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development of biotechnologies in San Diego. I don’t intend to slight them. Still, the
Hybritech people were on the scene first, and the early successes and the subsequent
sale of the company to Eli Lilly were pivotal events, not only for San Diego, but for
the biotechnology industry at large. And when the company was sold, many at
Hybritech went on to start other firms nearby. Many did it more than once. They
were also among the first industry people in San Diego to become serial entrepreneurs.
This is why I’m telling their stories.

The Hybritech alumni don’t need anyone to defend the historical significance
of their efforts. Some toot their own horns loudly, and readily claim the credit that
they believe they deserve. It’s hard to fault them for it.”> Without any special shows
of modesty, they can simply point to all of the successful companies that they and
their colleagues have founded in the city. As of August 1999, four of the five largest
biotech firms in San Diego were founded by former Hybritech executives and
scientists.”® Howard Birndorf says: “The initial Hybritech folks were true
enterpreneurs who did it again and again. Dozens of companies came from Hybritech.

We are one of the reasons the San Diego industry has flourished.”> Birndorf is

% The tooting is more than bald personal aggrandizement or self-centered scorekeeping, although it
may often be interpreted as such. Many of my interview subjects were curious to know to whom else I
had talked or intended to talk. Perhaps they asked in order to find out if I knew what I was doing, to
learn what I might bave heard about them, or to make helpful suggestions about other informants (as
many did). One subject, after making the inquiry and hearing some of the names on my list of people to
interview, remarked: “Oh, all the big egos.” I suppose it’s true that there are big egos among this bunch
of successful entrepreneurs, but, as I indicate in chapters below, these people also have sound
instrumental reasons for seeking recognition. In the high-tech culture of San Diego’s life science
industry, credit for being a good entrepreneur is a scarce and valuable commodity.

* Gig Patta, “Book of Lists, 2000: Largest Biotechnology Companies,” San Diego Business Journal,
December 30, 2000, pp. 86-87.

% Quoted in Cynthia Robbins-Roth, From Alchemy to IPO: The Business of Biotechnology,
Cambridge, MA: Perseus Publishing, 2000; p. 52.
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exactly right. They are one of the reasons. There are plenty of others, too —
biotechnology has flourished in San Diego for numerous reasons. Ivor Royston,
Birndorf’s partner in founding Hybritech, acknowledges this and provides a short list.
He contends that the “right factors” — the scientific community, entrepreneurs,
managers, and the creation of a supporting infrastructure “all came together in
harmonic convergence.”®

Royston’s description finds a place for individual and collective actions, for
many different groups of people, and also for the play of chance and accident. His
analysis is a balanced one, in my opinion. A lot went into the making of San Diego
biotechnology, as Royston says, and far more than can be fit into one book, so the
story told here is necessarily selective. In order to highlight the social character and
substance of bioentrepreneurship, I’ve chosen to tell the stories of persons belonging
to a particular group, not because they did everything by themselves, but precisely
because they didn’t.”” I focus on actions taken by these individuals in order to show
just how socially distributed is the ‘entrepreneurial function’ in the world of
biotechnology. In telling the Hybritech story, I recount personal contributions because

they were important, but also to show that, as crucial as they turned about to be, each

was still just a small piece in a very large puzzle.

%% Ivor Royston, “San Diego’s Formula for Biotech Success,” San Diego Union-Tribune, June 19, 2002.

°7 A virtue of the biographical method, as Robert M. Young points out, is that as it becomes more
contextualizing and self-consciously sociological, it can more effectively (and empirically, rather than
philosophically) deflate the conceits of individualism. Young remarks: “The more influences
represented in a hagiographic biography, the less genius...more articulations mean more social
embedding and more ways of holding the Gulliver of human arrogance by Lilliputian ties.” Robert M.
Young, “Biography: The Basic Discipline for Human Science,” Free Associations 11, 1988: 108-130.
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H. ENTREPRENEURS, CULTURE, AND TECHNICAL CHANGE

It is evident that many great and useful objects can be attained in this

world only by cooperation.

Thomas Babington Macaulay

HYBRID FORMS OF LIFE

At the northern end of San Diego, in the Sorrento Valley, and on Torrey Pines
Mesa, there can be found today dozens of recently constructed industrial complexes
and hundreds of newly outfitted pharmaceutical laboratories that apply the latest
bioscientific techniques. At these locations, thousands of industrial scientists,
supported by billions of dollars in private capital investments, are attempting to
develop treatments and cures for human diseases. When big-time biological research
arrived in San Diego in the 1960s at the University of California, San Diego, the
Scripps Research Institute, and the Salk Institute for Biological Studies, many
expected scientific and medical benefits to flow from it, but few could have imagined
this outcome. Commercial pharmaceutical research and development had never been
a significant component of the region’s industrial base. In all of Southern California,
only Allergan, Inc., an opthalmic products company headquartered in Irvine, could
advertise itself as a major drug developer and manufacturer. Towering financial
barriers to market entry and the control of traditional methods of pharmaceutical
production by large corporations made the ethical drug trade an unlikely source of new
economic growth on the West Coast. As recently as 1980, there was little indication

that this situation would soon change dramatically. Yet, in San Diego,
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biotechnologies are beginning to pay out unanticipated dividends to regional
investments in basic science.! How did this circumstance come about?

This dissertation is an attempt to provide some modest answers to this
question. It is a social history of how the biotechnology industry began and grew in
San Diego in the late 1970s and the early 1980s. It is a tale of how the unexpected
happened. In retrospect, that the commercial utilization of new tools fashioned in the
biosciences took root in the city of San Diego is no great surprise. What better place
could there be for this kind of activity? The research and development programs
pursued by biotechnology companies everywhere have been established and sustained
through the formation of close ties with bioscientists located in universities and other
academic research institutions.” It could hardly have been otherwise. In the 1970s,
these were the only places in which biotechnologists could be found. It is unlikely
that the cluster of science-driven biomedical companies that many now deem vitally
important to San Diego’s economic future would have appeared without the assistance

of the city’s technical expertise in residence.’ Yet, only with the benefits of hindsight

' See Edward J. Blakely and Kelvin W. Willoughby, “Choosing a Strategy for Local Industry
Development from Biotechnology,” Working Paper #520, Biotechnology Industry Research Group,
University of California at Berkeley.

? See Martin Kenney, Biotechnology: The University-Industry Complex, New Haven, CT: Yale
University Press, 1986; Lynne G. Zucker, “Intellectual Capital and the Birth of U.S. Biotechnology
Enterprises,” Working Paper #4653, National Bureau of Economic Research, Cambridge, MA, 1994;
Lynne G. Zucker and Michael R. Darby, “Virtuous Circles of Productivity: Star Bioscientists and the
Institutional Transformation of Industry,” Working Paper #5342, National Bureau of Economic
Research, Cambridge, MA, 1995.

® Of course, decisions concerning the location of new biotechnology companies involve the
consideration of a wide range of factors in addition to proximity to the relevant ‘knowledge base.” Also
impacting the conditions and costs of doing business are the presence of an educated labor force; local
wage scales; going rates for real estate and industrial space; city, county, and state taxes and
regulations; convenience of access to materials suppliers and financial resources; and the relative
‘quality of life’ in a region, to name just a few. See Edward J. Blakely, Brian H. Roberts, and Philip
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can this participation by academic scientists be taken for granted. Biotechnologies
were not originally transferred from their academic cradles to sites of industrial
development by any conventional (i.e., formally routinized) means. They were not
immediately embraced and adopted by established firms in the pharmaceutical
business. The biotechnology industry came into being as a wave of entrepreneurial
start-up companies fueled by venture capital, in which university faculty and other
academic researchers were often centrally involved as founders, directors, and
officers.

Because of their peculiar lineages, biotech start-ups have appeared as novel
organizational forms. They merge basic biological research and pharmaceutical
product development in unprecedented ways. As Paul Rabinow has emphasized in an
anthropological study of Cetus Corporation and its stewardship of Kary Mullis’ Nobel
Prize winning invention of PCR technology,’ the business of biotechnology has
engendered a dynamic recombination of scientific and commercial cultures, the
creation of new knowledge-making and organizational practices. Biological drug

discovery and design is an interdisciplinary enterprise. In biopharmaceutical work,

Manidis, “Inducing High Tech: Principles of Designing Support Systems for the Formation and
Attraction of Advanced Technology Firms,” International Journal of Technology Management, 1987, 2,
3/4: 337-356; and Kelvin Willoughby and Edward J. Blakely, “Making Money from Microbes: Finance
and the California Biotechnology Industry,” Working Paper #89-116, Center for Real Estate and Urban
Economics, University of California, Berkeley, 1989. As it happens, San Diego has been deemed
suitable by many bioentrepreneurs.

* Paul Rabinow, Making PCR: A Story of Biotechnology, Chicago: University of Chicago Press, 1996.
Cetus Corporation was a Bay Area company founded in 1971. Initially, it aimed to improve traditional
chemical and bioprocessing techniques employed in the pharmaceutical industry. In the mid-seventies,
however, Cetus incorporated a recombinant DNA program, to which Mullis was hired, and it later
became known as a ‘biotech’ company when the use of that term became current. PCR stands for
polymerase chain reaction. It is the ‘exponential amplification’ (the artificially accelerated replication)
of bits of genetic material that can be used for various purposes. Cetus was purchased in 1991 by
Chiron, another Bay Area biotechnology firm that became one of the industry’s leading success stories.
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molecular biologists and geneticists, biochemists, immunologists, biophysicists,
pharmacologists, toxicologists and many others commonly team up on drug
development projects. The viability of a biotechnology firm often depends on the
extent to which persons with university backgrounds and those with experience in
industry are able to work together to manage R&D programs and to coordinate the
company’s scientific and business functions. Traditional institutional boundaries and
economies of work found in universities and the pharmaceutical industry tend to
inhibit effective collaborations of this kind. Biotech start-ups are designed to enable
them. Research conducted in the labs of small biopharmaceutical companies is
typically regulated by some hybrid mixture of academic and industrial rhythms and
forms of discipline.” In this field, technological innovations have emerged from
within the making of organizational innovations.’ The transformation of

biotechnologies from experimental techniques in the life sciences to functional tools

> In a study of organizations developing monoclonal antibody diagnostics, Michacl Mackenzie, Alberto
Cambrosio, and Peter Keating found little to distinguish industrial and academic laboratories, at least
insofar as technical production and the practical activities of scientific workers within them was
concerned. See Mackenzie, Cambrosio, and Keating, “The Commercial Application of a Scientific
Discovery: The Case of the Hybridoma Technique,” Research Policy, 1988, 17: 155-170. For other
accounts of daily life and ecologies of work in biotechnology companies, see, Rabinow’s book, Making
PCR; Alberto Cambrosio and Peter Keating, Exquisite Specificity: The Monoclonal Antibody
Revolution, New York: Oxford University Press, 1995, ch. 4.

¢ Large pharmaceutical companies have begun to heed the lesson. Novartis, for example, is attempting
to improve and streamline its product development efforts by incorporating genomics and
bioinformatics programs. In order to accomplish this technical change of direction, the company is
reorganizing. It has hired an academic scientist, Dr. Mark Fishman, former professor at Harvard
Medical School and chief of cardiology at Massachusetts General Hospital, to oversee its R&D
operations. Fishman has announced that he wants to establish an open, collegial working environment
for his corporate scientists: “I've never been in a pharma lab, but I know I don't want stodgy, secretive
space.” Quoted in Susan Diesenhouse, “A Drug Company’s Man in Tweed,” New York Times, May
25,2003,
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employed in the manufacture of pharmacological goods has been accomplished
through the creation of new economic and scientific spaces.’

This deep immersion of life scientists in commerce, while commonplace today,
represents a striking departure from the past. But this change did not proceed
according to the logic of some grand design. It was not orchestrated by professional
managers in the pharmaceutical industry, nor by university administrators or
government bureaucrats. The formation of the biotechnology industry was initiated by
spontaneous entrepreneurial actions. [t came about as small groups of identifiable
persons — bioscientists and venture capitalists — began doing things that had not been
done before. In a very general sense, the biologists and medical researchers who
forayed into commerce were merely mimicking the familiar examples of academic
engineers and chemists, groups that have long defined their roles to include
participation in industry. Thus, sociologist Sheldon Krimsky was able to say of the
entanglement of university-based gene splicers in private biotech ventures: “Molecular
biology was not setting any precedents in the relations between academe and industry;

»8 But these activities were novel —

it was simply following an established pattern.
and, for many ‘outsiders,’ startling — because of the particular scientific disciplines

and technologies involved, and because of the specific business forms to which they

7 See Kenneth Green, “Creating Demand for Biotechnology: Shaping Technologies and Markets,” pp.
164-184 in Technological Change and Company Strategies: Economic and Sociological Perspectives,
eds. Rod Coombs, Paolo Saviotti, and Vivien Walsh, London: Harcourt Brace Jovanovich, 1992;
Martin Kenney, “Biotechnology and the Creation of a New Economic Space,” pp. 131-143 in Private
Science: Biotechnology and the Rise of the Molecular Sciences, ed. Amold Thackray, Philadelphia, PA:
University of Pennsylvania Press, 1998.

¥ Sheldon Krimsky, Genetic Alchemy: The Social History of the Recombinant DNA Controversy,
Cambridge, MA: MIT Press, 1982, p. 204.
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gave rise, 1.e., entrepreneurial start-ups that began, not with products to market or even
well-defined manufacturing processes, but only with plans and schedules for R&D
operations. These aspects of the biotechnology business followed no established
pattern.

When the sources of this kind of innovation and organizational change in
economic production are topics of social research, analysts are obliged to
acknowledge the roles played by entrepreneurs. In fact, as I will try to show in this
study, the activities of entrepreneurs ought to be given priority in causal explanations.
As economist Peter Temin maintains: “While all men are created equal in the sight of
God and the U.S. Constitution, not all individuals are equally important to the
economy.”9 Entrepreneurs, Temin goes on to say, are particularly important for
economic growth and change. In his view, they are the sources of innovation and
expansion in capitalist economies: “Entrepreneurs see new opportunities, invent new
machines, discover new markets. They are change agents, performing a different
function from that of the manager, who works within a known technology,
organization, and market.”'® In accounting for innovation and change in high-tech
fields, it may be possible to identify and weigh the relative importance of various
necessary elements — for example, scientific knowledge, financial capital, skilled
labor, managerial acumen, workable economic and legal environments, and a host of

additional factors. Yet, the presence of some or all of these inputs or conditions, in

? Peter Temin, “Entrepreneurs and Managers,” pp. 339-355 in Favorites of Fortune: Technology.
Growth, and Economic Development Since the Industrial Revolution, eds. Patrice Higonnet, David S.
Landes, and Henry Rosovsky, Cambridge, MA: Harvard University Press, 1991, p. 339.

' Temin, “Entrepreneurs and Managers,” p. 344.
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any combination, is never sufficient to explain the emergence of new techniques of
production or new organizational forms. For such accounts, entrepreneurial creativity
is indispensable. In concrete terms, no social change is realized until human beings
act to make it so, and in the case of technological and organizational inventions or
innovations, none is ever implemented without the catalytic spark that entrepreneurs
provide.

In San Diego and other centers of commercial biotechnological development,
scientific and entrepreneurial roles have often been combined and played by the same
persons. Professors of biology and medicine have acted, not only as inventors, but
also as prime movers in the social organization of efforts to apply new life science
techniques to the production of health care commodities. As in other locales, the new
economic and scientific spaces that constitute the biotechnology industry in San Diego
were simultaneously opened up and occupied by small start-up companies ‘spun out’
of the city’s academic research institutions or existing firms by scientific
entrepreneurs. The innovative dimensions of this phenomenon are rooted in its
mixture of persons, conventions, practices, and bodies of knowledge drawn from
different institutional milieux, those of science, finance, and commerce. The
phenomenon continues to reproduce itself. San Diego’s biomedical research
community has become what urban planners and economic geographers call an

‘incubator’ of innovative high-tech start-ups.'' Economic policy analysts Edward J.

Blakely and Kelvin W. Willoughby observe that:

" For general discussions of high-tech ‘incubation’ in a practical vein, see Alistair M. Brett, David V.
Gibson, and Raymond W. Smilor, eds., University Spin-Off Companies: Economic Development,
Faculty Entrepreneurs, and Technology Transfer, Savage, MD: Rowman and Littlefield, 1991; Arnold
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[TThere is a complex industrial ecology associated with biotechnology.

The firms choose to locate neither randomly nor entirely in order to be

close to similar firms. Rather, it appears that they emerge in locations

that have a nurturing biotechnology milieu. The presence of a critical

biotechnology human-resource base creates its own dynamic, which

diffuses into the surrounding medical, electronic, and other industries.

Thus, what develops is a local biotechnology-generation complex.'

There now exists in the northern suburbs of San Diego such an environment.
This is an ‘entrepreneurial culture’ in which the know-how and the human and
material resources necessary for capitalizing on scientific and commercial
opportunities flow more or less freely.' Knowledge and information travel in the
local biomedical community through networks of researchers, executives, investors,

and individuals associated with numerous organizations providing professional

services to developing high-tech enterprises. The distinctive patterns of action that

C. Cooper, The Role of Incubator Organizations in the Founding of Growth-Oriented Firms, West
Lafayette, IN: Institute for Research in the Behavioral, Economic, and Management Sciences, Krannert
Graduate School of Management, Purdue University, 1985; Raymond W. Smilor and Michael Doud
Gill, Jr., The New Business Incubator: Linking Talent, Technology, Capital, and Know-How,
Lexington, MA: Lexington Books, 1986. Works in this genre typically define high-tech ‘incubation’ as
a function of organizations and institutions. They focus on the development of administrative principles
and guidelines for the construction of offices, agencies, and institutional interfaces that will facilitate
technology transfers and the formation of new ventures.

"2 Edward J. Blakely and Kelvin W. Willoughby, “Transfer or Generation? Biotechnology and Local-
Industry Development,” Reprint #244, Institute of Urban and Regional Development, University of
California at Berkeley, 1990.

' The kind of social space that I am calling an ‘entrepreneurial culture,” and that Blakely and
Willoughby call a ‘local biotechnology-generation complex,” goes by many other names, as well.
Observing the ways in which business, science, and engineering are conducted in Silicon Valley,
Kenney concludes that the place has become an “entrepreneurial region.” See Martin Kenney, ed.,
Understanding Silicon Valley: The Anatomy of an Entrepreneurial Region, Stanford, CA: Stanford
University Press, 2000. Analyzing the same terrain, Lee, et al. call Silicon Valley a “habitat” for
entrepreneurs. See Chong-Moon Lee, William F. Miller, Marguerite Gong Hancock, and Henry S.
Rowen, The Silicon Valley Edge: A Habitat for Innovation and Entrepreneurship, Cambridge:
Cambridge University Press, 2001. Other studies and commentaries by social scientists and business
and management scholars have characterized sites of high-tech industrial development as
entrepreneurial ‘environments,” ‘ecologies,” and ‘milieux,” and innovation ‘hubs,” ‘infrastructures,” and
‘incubators’ (this last term is also commonly employed to refer to organizations dedicated to facilitating
communication and resource exchanges in localized entrepreneurial ‘environments’).
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constitute this culture have emerged only in the past twenty-five years, seemingly out
of nowhere. There were no precedents for them in either the biological sciences or the
pharmaceutical industry. The field of commercial biotechnology has taken shape as
an orderly recombination of various elements drawn from each of these domains, but
the synthesis is original. And while commercial biotechnology shares in its ways of
organizing research and development certain family resemblances with other high-tech
industries that tend to cluster geographically in emerging ‘technoregions,’ there are
significant discontinuities here as well.'* As an industrial sector, biotechnology has its
own unique history, its own unique problems, and its own unique ways of getting
things done. This dissertation specifies whence came the origins of biotechnology in
San Diego. It describes in detail the organizational and technical practices that
entrepreneurs and bioscientists have fashioned as the field has grown, and that today
characterize its innovative hybrid ‘forms of life.’
DOING THINGS TOGETHER

In reporting on the formation of this entrepreneurial field in San Diego, I adopt
the simple definition of culture proposed by sociologist Howard S. Becker: “doing

things together.”'> By emphasizing concerted action, Becker depicts culture as a

' These include a slew of financial and organizational conventions related to the industry’s unusual
dependence on university-based science, its unparalleled degree of regulatory oversight, and its lengthy
product development cycles. For a broad summary, see U.S. Congress, Office of Technology
Assessment, “Factors Affecting Commercialization and Innovation in Biotechnology,” ch. 6 in New
Developments in Biotechnology: U.S. Investment in Biotechnology — Special Report, OTA-BA-360,
Washington, D.C.: U.S. Government Printing Office, July 1988; see also, U.S. Congress, Office of
Technology Assessment, “Appendix C: A Comparison of the U.S. Semiconductor Industry and
Biotechnology,” pp. 531-541 in Commercial Biotechnology: An International Analysis, OTA-BA-218,
Washington, D.C.: U.S. Government Printing Office, 1984.

15 Howard S. Becker, Doing Things Together, Evanston, IL: Northwestern University Press, 1986, ch.
1.
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process. People finding themselves in common circumstances, he says, naturally
interact and work together to find solutions to common problems of all sorts. They
attempt to reach agreements about the character of these problems and about what can
and should be done about them. If they are successful, then they have begun, in effect,
to organize a common way of life, traditions of knowing and doing that may serve as
guides for managing common problems in the future.

Cultures emerge where people, in the course of coordinating plans and actions,
generate shared understandings about their immediate circumstances and about the
larger world around them. Cultures persist where courses of actions informed by such
shared understandings prove useful or pleasing in concrete practice. Mutual accords
about what is the case in the world, and what it means in relation to a group’s practical
concerns, provide individuals with resources for ordering their perceptions and
harmonizing their interests, and so, for organizing effective responses to the demands
of experience. By virtue of common orientations to found natural and social
environments, people are able to establish and sustain personal relationships, assemble
and manage collective projects, and find in the otherwise chaotic flux of appearances
coherent meanings and values. Relationships and shared conceptions of proper means
and ends in life provide a measure of security in the face of uncertainties that would
surely overwhelm individuals going it alone. When people can help each other make
sense of events and solve emergent problems, they naturally recognize as common
goods the ways of life and forms of cooperation that enable them to do so. Culture,
then, on this view, is at once a consequence of social processes in which situations are

collectively defined, and in which value and communality are generated, and a
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necessary precondition for the consistent and more or less methodical organization of
action.'® It consists in “doing things together.”

By highlighting processes of social interaction in this way, Becker
distinguishes his view of culture from structuralist and semiotic conceptions that once
dominated and are still prominent in anthropology, and to a lesser extent, in sociology.
The latter have tended to portray cultures as fixed systems of meaning that order social
life from without."” Becker, by contrast, understands cultures as constituted by
protean modes of action. This interpretation is based on the pragmatic assumption that

the world is, in fact, characterized by constant chang,e.18 Starting from the idea that no

'® Becker writes in a ‘symbolic interactionist’ idiom. This sociological approach treats the use of
language as both the medium and substance of culture. For a series of programmatic statements, see
Herbert Blumer, Symbolic Interactionism: Perspective and Method, Englewood Cliffs, NJ: Prentice-
Hall, 1969. The pronounced phenomenological tenor of this perspective — that is, its emphasis on
situated interactions and concrete ways of knowing, doing, and speaking — derives from its substantial
conceptual debts to the pragmatist tradition in American philosophy, and especially the philosophy of
science and social psychology of George Herbert Mead. See Mead, The Philosophy of the Present, ed.
Arthur E. Murphy, Chicago: University of Chicago Press, 1980 [1932]; Mind, Self & Society: From the
Standpoint of a Social Behaviorist, ed. Charles W. Morris, Chicago: University of Chicago Press, 1962
[1934]; and The Philosophy of the Act, ed. Charles W. Morris, Chicago: University of Chicago Press,
1938.

'7 Sherry B. Ortner observed of anthropology in the mid-1980s: “...until very recently little effort has
been put toward understanding how society and culture themselves are produced and reproduced
through human intention and action.” See Ortner, “Theory in Anthropology Since the Sixties,”
Comparative Studies in Society and History, 1984, 16: 126-166. The coming to currency of various
‘theories of practice,” however, in both anthropology and sociology, has since blurred the disciplinary
boundary between the two fields, at least as far as conceptual differences regarding their common
object — culture — is concerned. For a discussion from a sociological angle, see Ann Swidler, “Culture
in Action: Symbols and Strategies,” American Sociological Review, 1986, 51: 273-286.

'® The pragmatists’ understandings of order and change were premised on epistemological rather than
ontological assumptions. They held that knowledge of the world is always derived from experience.
Reality is ‘emergent.” It consists in what people come to know and believe in the present. Order and
change, then, reside in human consciousness or ‘fields of awareness.” For this reason, the pragmatists
dismissed ontological questions as meaningless. They understood reality as a process — a process of
knowing. In this process, order and change can be perceived only when human beings experience the
passage of time. To say that something has remained stable is to say that it is now as it once was in the
past. But the experience, or the memory, of the past in the present depends on the appearance of
emergent events in consciousness. Emergent events are, by definition, unique products of change. If
they were not, then people could not identify them as discrete events (i.e., as discrete instances of
change against an experiential background of order, or as discrete instances of order against an
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two situations are ever identical, Becker asserts: “No set of cultural understandings,
then, provides a perfectly applicable solution to any problem people have to solve in
the course of their day.”"’ Culture is perpetually in-the-making as established ways of
managing affairs are adapted to the minor caprices of daily life, and sometimes to
more significant disruptions. In response to the vicissitudes of experience, the
common understandings that permit people to coordinate their activities are forever
being recreated, revised, and amended. Of course, when members of a group have
established customary ways of making the world intelligible and doing things within
it, they can, with reference to these procedures, identify as routine or typical many of
the situations in which they find themselves. Social interactions often display
pronounced similarities that are immediately recognizable to persons familiar with the
local culture. In such circumstances, no unusual efforts are required to fashion from
conventional or habitual modes of action satisfactory adaptations to exigencies

presented or constraints imposed by the novel elements of emergent circumstances.”

experiential background of change). Without the experience of emergent events, people could not
distinguish the present from the past (or from the future, for that matter, which also exists only in the
present as anticipation). So, apparent uniformities, regularities, and constancies in the world can be
known only when human beings experience change — the universe that human beings sense must be a
universe in constant flux. For elaborations, see John Dewey, The Quest for Certainty, ed. Jo Ann
Boydston, Carbondale, IL: Southern Ilinois University Press, 1988 [1929]; G.H. Mead, The Philosophy
of the Present, ed. Arthur E. Murphy, Chicago: University of Chicago Press, 1980 [1932], ch. 1-2; and
C.S. Peirce, “Uniformity,” pp. 218-227 in Philosophical Writings of Peirce, ed. Justus Buchler, New
York: Dover, 1955.

19 Becker, Doing Things Together, p. 19.

*% Sometimes, of course, established traditions and ways of life become, not only inadequate guides to
action, but problematic in themselves. When accustomed means of adjustment prevent solutions to new
problems, they must be substantially reworked or perhaps abandoned. Institutions and organizations
may, in particular instances, become so riddled by conflicts and contradictions that grounds of
concerted action in the future become threatened, and chances for maintaining continuities in practice
become uncertain. And sometimes things do fall apart. Collective projects can endure over time only if
stresses and strains embedded or generated within them, or imposed by changes in ‘external’
environments, can be, not necessarily resolved, but at least managed or accommodated. Sociological
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Yet, acknowledging these subtle operations implies that cultures are dynamic, not
static, and that collective action within them is improvisational in character.

This makes Becker’s approach particularly useful for interpreting processes of
technical and organizational change. When established routines for conducting
everyday business prove unsatisfactory or problematic, people begin to experiment
and innovate. In such situations, they naturally draw on settled knowledge of the
world, but they do so in order to manufacture new tools for coping with familiar or
unexampled troubles as they appear in situations without precedent. When adaptive
solutions to problems are discovered in this way, they sometimes constitute, of
necessity, more or less radical departures from the past and conventional modes of

2l persons who

action. As Becker says: “given new conditions, people invent culture.’
invent culture under such conditions can be called entrepreneurs.22 Among the many
sorts of occurrences that give rise to entrepreneurial revisions of established practices
are those in which persons searching for solutions to local problems, whether by

chance or by purposive design, move beyond the confines of customary procedures

and familiar networks of interaction.”> In such instances, participants are often

investigations of business firm adaptation in the ‘new economy’ generally stress the advantages of
‘flexible’ organizational forms. Few have focused on the cultural dimensions of problems confronting
traditionally organized corporate entities as they attempt to sustain themselves. For a theoretical
exegesis of such troubles confronting large, hierarchical corporations in the post-industrial era, see
Erica Schoenberger, The Cultural Crisis of the Firm, Cambridge, MA: Blackwell, 1997.

! Becker, Doing Things Together, p. 18.

22 See Becker’s comments on “rule creators” and “moral entrepreneurs” in Qutsiders: Studies in the
Sociology of Deviance, Glencoe, IL: The Free Press, 1963.

2 Symbolic interactionists often talk about such activities in terms of traffic across ‘social worlds.’
This genre of analysis was developed by Anselm Strauss in Negotiations, Varieties, Contexts,
Processes, and Social Order, San Francisco: Jossey-Bass, 1978. Several of Strauss’ students have
applied it in investigations of scientific practice. See, for example, Adele E. Clarke and Elihu Gerson,
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obliged, if they are to establish grounds for ongoing cooperation, to create new social
spaces, and to synthesize new cultural practices within them.

This is exactly what has happened in the case of commercial biotechnology,
where scientists, financiers, businesspersons, and others, have come together to
establish new kinds of alliances and new organizational forms, to secure new sources
of funding for bioscientific research, and to commence work on new diagnostic and
therapeutic tools to be employed in the treatment of human diseases. The persons who
built this industry, while of course sharing many general understandings about the
world, could refer to no blueprint or formula for what they were attempting to do.
They had to devise original solutions to their problems and come to practical
agreements about how to implement them. These accords represent innovative
departures from the past, but also necessary accommodations with the historical
legacies of the various communities and spheres of action that have been linked in the
industrial development and application of biotechnologies. Becker’s conception of
culture provides a vocabulary for describing the entrepreneurial actions that produced
these linkages in ways that remain attentive to their immersion in definite social
contexts.

As a general theory of action, Becker’s approach is vague and imprecise — and

appropriately so. The things that people do together are remarkably varied. Social

“Symbolic Interactionism in Social Studies of Science,” pp. 179-214 in Symbolic Interactionism and
Cultural Studies, ed. Howard S. Becker and Michael W. McCall, Chicago: University of Chicago Press,
1990; and Elihu Gerson, “Scientific Work and Social Worlds,” Knowledge: Creation, Diffusion, and
Utilization, 1983, 4, 3: 357-377. Clarke has also promoted ‘social worlds’ talk as an alternative to
various ‘mainstream’ organizational theories in sociology. See Clarke, “Social Worlds/Arenas Theory
as Organizational Theory,” p. 119-158 in_Social Organization and Social Processes: Essays in Honor of
Anselm L. Strauss. ed. David R. Maines. New York: Aldine de Gruyter, 1991.
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and cultural processes unfold kaleidoscopically in their natural settings in different
times and places, and this is true whether the result is the reproduction of existing
social structures or the innovative assembly of new ones.*® Becker’s interpretive
scheme encourages empirical attention to the situated interactions that constitute these
processes and comprise the substance of culture-in-the-making. In this work, I
employ Becker’s definition of culture as a practical heuristic for interpreting the
concrete actions and events that have shaped the emergence of commercial
biotechnological development in San Diego. My objective is to produce a distinctly
sociological account of the ‘industrial ecology,’ the ‘biotechnology-generation
complex,’ the ‘nurturing biotechnological milieu’ that has taken up residence in the
city. [ aim to document the means that participants in this setting have established for
doing business and doing science together, and the ways in which these methods
sustain the commercial development of biotechnologies.

I believe that this is a useful approach for getting to grips with the dynamics of
post-industrial enterprise. In post-industrial economies, information and modes of
processing and applying it are salient commodities, currencies of exchange, and
factors of production. Progress in such economies derives from the circulation of
knowledge and skill rather than brute manufacturing power. The making of

technological innovations in post-industrial settings is, as Daniel Bell described it, “a

2 The creativity involved in maintaining established relations and practices ought not to be overlooked.
The management or enactment of routines can never be purely formulaic. As Donald Schén remarks:
“There is no sure way of learning from past experience.” See Schon, “The Fear of Innovation,” pp.
290-302 in Science in Context: Readings in the Sociology of Science, eds. Barry Barnes and David
Edge, Milton Keynes: Open University Press, 1982; p. 295. Organizational innovations are usually
adopted when established habits or conventions start causing more trouble than they are worth.
Context, not creativity, distinguishes innovative and routine actions.
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game between persons.” Yet, many social scientific inquiries into the workings of
post-industrial economies yield bloodless accounts that are not about persons at all.
They talk about capital, markets, firms, institutions, technologies, and so on, ‘doing
things.” This dissertation, by contrast, is about knowledgeable, skillful, and informed
post-industrial persons, their circumstances, and their collective projects. It is about
the people who set the San Diego biotechnology industry into motion, and how they
did it. Below I elaborate a range of sociological concepts that can be used to interpret
various aspects of scientific entrepreneurship, but Becker’s definition of culture nicely
sums up how bioscientists and other actors have created and sustained a ‘nurturing
biotechnology milieu’ in San Diego: by ‘doing things together.” The business of
starting and running new biotechnology firms is fundamentally a social practice, ‘a
game between persons.’
THE BIG PICTURE OF BIOTECHNOLOGY: A REVIEW OF LITERATURES
Increasingly in the post-war era, social scientists have come to recognize that

innovation in high technology is a key to economic competitiveness and the wealth of

% Daniel Bell, The Coming of Post-Industrial Society: A Venture in Social F orecasting, New York:
Basic Books, 1976 [1973], p. 30. Bell referred specifically to situations “in which each person’s course
of action is necessarily shaped by the reciprocal judgments of the others’ intentions.” He went on to
predict that attempts to ‘rationalize’ practical decision-making in such situations (via “intellectual
technologies™ like game theory or systems analysis) would become a distinguishing feature of post-
industrial social life. This forecast was off the mark. High-tech innovation is, to be sure, “a game
between persons,” but not one that has become ‘rationalized.” As an anonymous writer for The
Economist points out, the process of post-industrial development is far too complex for it: “[T]he
replacement of capital with knowledge as a company's most valuable resource is forcing top managers
to rethink their jobs. The trouble with knowledge is that it is so much more difficult to manage than
capital: fixed in the heads of pesky employees, rather than stored in the bank, and infuriatingly volatile
and short-lived to boot. If your boss has a harried and hunted look as he travels the world pressing flesh
and puffing egos, it may be because he is trying to do an impossible job.” See “The Changing Nature
of Leadership,” The Economist, June 10, 1995, p. 57.
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nations,”® a vehicle for the social expansion of capital and new modes of production,”’
and a force that can transform culture and political economy on a global scale.”® No
social scientific speculation on the future, optimistic or otherwise, fails to assign to
progress in high technology a central role. Whether working toward the end of
facilitating, regulating, or simply understanding it, many analysts are now
investigating high-tech innovation. And since the early 1980s, students of industrial
organization have focused intensively on the workings of the biotechnology industry.
Although small, the biotech sector has received special scrutiny because, as an arena
of economic and technological enterprise, it is a paradigmatic example of post-
industrial development. It is a knowledge-intensive field characterized by new
institutional relationships and channels of communication and exchange. While
unique in many ways, the biotech industry, like other high-tech fields, is comprised
mainly of regional clusters of small, interdependent start-ups. Unlike traditional

‘vertically integrated’ corporations that seek to assemble and organize operational

% See, for example, Daniele Archibugi and Jonathan Michie, eds., Technology, Globalisation, and
Economic Performance, Cambridge: Cambridge University Press, 1997; Christopher Freeman,
Margaret Sharp, and William Walker, eds., Technology and the Future of Europe: Global Competition
and the Environment in the 1990s, London: Pinter, 1991; Ralph Landau and Nathan Rosenberg, eds.,
The Positive Sum Strategy: Harnessing Technology for Economic Growth, Washington, D.C.: National
Academy Press, 1986; Nathan Rosenberg, Ralph Landau, and David C. Mowery, eds., Technology and
the Wealth of Nations, Stanford, CA: Stanford University Press, 1992.

2" David F. Noble, America By Design: Science, Technology, and the Rise of Corporate Capitalism,
Oxford: Oxford University Press, 1977; and Forces of Production: A Social History of Industrial
Automation, New York, Knopf, 1984; Allen J. Scott and Michael Storper, eds., Production, Work,
Territory: The Geographical Anatomy of Industrial Capitalism, Boston: Allen & Unwin, 1986; Harley
Shaiken Work Transformed: Automation and Labor in the Computer Age, New York: Holt, Rinehart,
and Winston, 1984; Michael J. Storper and Richard Walker, The Capitalist Imperative; Territory,
Technology, and Industrial Growth, Oxford: Basil Blackwell, 1989; Shoshana Zuboff, In the Age of
the Smart Machine: The Future of Work and Power, New York: Basic Books, 1988.

% David Harvey, The Condition of Postmodernity: An Enquiry into the Origins of Cultural Change,
Cambridge, MA: Basil Blackwell, 1989; Allen J. Scott, Regions and the World Economy: The Coming
Shape of Global Production, Competition, and Political Order, Oxford: Oxford University Press, 1998.
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resources and tasks internally in hierarchical structures, these companies feature
‘flexible’ systems of production.”’ They maintain extensive ‘horizontal’ relations of
exchange and cooperation with external entities.*®

Most biotech companies are basically R&D operations. They are established
and sustained through the acquisition or enlistment of capital and specialized know-
how and skill. They secure these resources by making connections and entering into
collaborations with venture capitalists, corporate partners, universities, research
institutions, and often with each other as well. These connections and collaborations
are exploited in order to fund research, bolster internal technical and managerial
competencies, and access additional resources and forms of expertise that are too

costly to develop in-house.*' In biotechnology, the sources of innovation are

% Michael J. Piore and Charles F. Sabel, The Second Industrial Divide: Possibilities for Prosperity,
New York: Basic Books, 1984; Walter W. Powell, “Neither Market Nor Hierarchy: Network Forms of
Organization,” pp. 295-336 in Research in Organizational Behavior, vol. 12, eds. L.L. Cummings and
B. Shaw, Greenwich, CT: JAI Press, 1990; Charles F. Sabel, “Flexible Specialisation and the Re-
Emergence of Regional Economies,” pp. 17-70 in Reversing Industrial Decline? Industrial Structure
and Policy in Britain and Her Competitors, eds., Paul Hirst and Jonathan Zeitlin, London: Berg, 1989;
and “Moebius-Strip Organizations and Open Labor Markets,” pp. 23-54 in Social Theory for a
Changing Society, eds., Pierre Bourdieu and James S. Coleman, Boulder, CO: Westview Press, 1991,
Annal.ee Saxenian, Regional Advantage: Culture and Competition in Silicon Valley and Route 128,
Cambridge, MA: Harvard University Press, 1994,

*® Stephen R. Barley, John Freeman, and Ralph C. Hybels, “Strategic Alliances in Commercial
Biotechnology,” pp. 311-347 in Networks and Organizations: Structure, Form, and Action, eds., Nitin
Nohria and Robert G. Eccles, Boston: Harvard Business School Press, 1992; Gary P. Pisano, Innovation
Through Markets, Hierarchies, and Joint Ventures: Technology Strategy and Collaborative
Arrangements in the Biotechnology Industry, Ph.D. Dissertation, University of California, Berkeley,
1989; Walter W. Powell and Peter Brantley, “Competitive Cooperation in Biotechnology: Learning
Through Networks?” pp. 366-394 in Networks and Organizations: Structure, Form, and Action. eds.
Nitin Nohria and Robert G. Eccles. Boston: Harvard Business School Press, 1992.

’! James E. Gail, “Strategic Alliances as ‘Virtual Integration’: A Longitudinal Study of Biotech
Industry-Level Learning,” Academy of Management Journal, Best Paper Proceedings, 1995: 469-473;
Julia Porter Liebeskind, et al., “Social Networks, Learning, and Flexibility: Sourcing Scientific
Knowledge in New Biotechnology Firms,” Organization Science, 1996, 7, 4: 428-433; Walter W.
Powell, Kenneth W. Koput, and Laurel Smith-Doerr, “Interorganizational Collaboration and the Locus
of Innovation: Networks of Learning in Biotechnology.” Administrative Science Quarterly, 1996, 41:
116-145; Weijan Shan, Gordon Walker, and Bruce Kogut, “Interfirm Cooperation and Startup
Innovation in the Biotechnology Industry,” Strategic Management Journal, 1994, 15: 387-394.
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distributed across a range of institutions and organizations. For small companies
operating in this field, survival depends on effective networking and the propinquity of
suppliers and partners. Biotechnology firms thrive on what economists call
‘agglomeration externalities,” benefits that accrue from the concentration of resources
in circumscribed geographic settings.’> According to many analysts, industrial
ecologies composed of clustering biotech start-ups generate their own momentum by
cultivating or drawing venturers to take advantage of opportunities for innovation and
profit thrown up by biological research. Blakely and Willoughby, for example, assert
that “this synergistic development continues to attract and develop new biotechnology
entrepreneurs, who act as the seed bed of the local economic environment.”> This is
fine as far as it goes, but it doesn’t account for the formation of industrial ecologies in
biotechnology or tell very much about what exactly it is that bioentrepreneurs do.

To date, most social scientists attempting to explain the emergence of
commercial biotechnology in its distinctive forms have adopted ‘neo-Schumpeterian’

or ‘evolutionary’ interpretations of technological and organizational innovation.*

*2 Paul A. David and Joshua Rosenbloom, “Marshallian Factor Market Externalities and the Dynamics
of Industrial Location,” Journal of Urban Economics, 1990, 28: 349-370; Amy K. Glasmeier, “Factors
Governing the Development of High-Tech Industry Agglomerations: A Tale of Three Cities,” Regional
Studies, 1988, 22: 287-301; Zvi Griliches, “The Search for R&D Spillovers,” Scandinavian Journal of
Economics, 1992, 94 (suppl.): 29-47; Lynne G. Zucker, Michael R. Darby, and Jeff Armstrong,
“Intellectual Capital and the Firm: The Technology of Geographically Localized Knowledge
Spillovers,” Working Paper No. 4946, Cambridge, MA: National Bureau of Economic Research, 1994.

* Edward J. Blakely and Kelvin W. Willoughby, “Choosing a Strategy for Local Industry Development
From Biotechnology: Transfer or Incubate?” Working Paper #520, Biotechnology Industry Research
Group, University of California at Berkeley, May 1990, p. 33.

34 See, for example, Steven W. Collins, “Genes, Markets, and the State: The Emergence of Commercial
Biotechnology in the United States and Japan,” Ph.D. dissertation, University of Virginia, 1994; Martin
Kenney, “Schumpeterian Innovation and Entrepreneurs in Capitalism: A Case Study of the U.S.
Biotechnology Industry,” Research Policy, 1986, 15, 1: 21-31; Luigi Orsenigo, The Emergence of
Biotechnology: Institutions and Markets in Industrial Innovation, New York: St. Martin’s Press, 1989.
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These explanations lean heavily on putative logics of science and finance, or on
principles of economic selection that operate in institutional environments or social
systems made up of firms, populations of firms, concentrations of capital, labor
markets, consumer demands for health care products and services, trade associations,
scientific disciplines, universities, government agencies that fund, regulate, and plan,
and so on. Analyses framed in these terms typically downplay the significance of
individual initiative and action. They are presented as ‘tough-minded’ assessments of
economic, political, and social structural conditions, market processes, and
institutional and organizational relations and trajectories. They have little use for
‘popular myths’ that portray entrepreneurs as heroic risk bearers or mavericks
imposing their wills on the world.””

The roles of entrepreneurs in the beginnings of the biotech field, then, while
regularly noted, have scarcely been treated in any depth. Academic venturers and
their financial partners have often been portrayed as agents of social change who
engineered novel technological and organizational innovations. Yet, at the same time,
it is typically assumed that they did so entirely within windows of opportunity opened
by the inexorable workings of science and the capitalist system, or by the fortuitous

convergence of biological inquiry and the marketplace within the prevailing

* It is not clear who actually believes such myths, but it is not uncommon for pundits to assume that
they are widely accepted. Philosopher Robert C. Solomon, for example, asserts that entrepreneurship is
treated in “typically celebratory but often blithering terms in recent business and popular literature,”
that in stifling modern corporate environments “the ideal of the entrepreneur appears as an antidote, an
alternative, even a savior,” and that for individuals mired in such settings, the idea of working for
oneself is attractive because it promises a “fantasized form of psychic compensation.” See Robert C.
Solomon, “Marketing Heidegger: Entrepreneurship and Corporate Practices,” Inquiry, 1995, 38, 1-2:
75-81. There is surely truth in these observations, but the blanketing scope of Solomon’s imputations is
striking.
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institutional, economic, and political environments of the 1970s. In a marvelously
thorough and widely acclaimed report on the emergence of commercial biotechnology,
Martin Kenney has crafted an account of this kind, a story of institutional change that
mixes historical description with implicit and diluted forms of technological
determinism and economic reductionism.*® On Kenney’s view, the biotechnology
industry emerged when “the basic science of biology at a certain historical moment
had matured sufficiently to be transferred from the university and transformed into a
force of production.”’ He proposes further that the growth of the industry was due to
“the recognition by investors that biotechnology could well disrupt old markets, create
new products, and cheapen current manufacturing processes.”® Accordingly, his
work describes “the creation of new social relationships to accommodate
biotechnology.”39 Here — on a literal interpretation, at any rate — technological
discontinuities, and not persons, are identified as the driving forces behind economic
and organizational change. The role of the entrepreneur is reduced to discovering
before others and effectively taking advantage of objective opportunities generated by
scientific progress.

Kenney’s story is one, at last, of scientific and economic rationalities coming

together to colonize new domains of social life, to transform the norms of the academy

*% Martin Kenney, Biotechnology: The University-Industrial Complex, New Haven, CT: Yale
University Press, 1986. Kenney’s book is generally recognized as the definitive statement on the birth
of the biotech industry. It is hard to find an economic or sociological analysis of the biotech
phenomenon that does not refer to it.

37 Kenney, Biotechnology, p. 240.
38 Kenney, Biotechnology, p. 132.

R Kenney, Biotechnology, p. 4.
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and to install new organizational and technical practices in industry. In this tale,
biotech entrepreneurs are depicted as economic opportunists, as profit seekers
naturally rising to the occasion of new technologies creating new markets, effortlessly
identifying the possibilities for personal gain that have appeared as a result.”’ Kenney
assumes that economic opportunities created by biotechnologies were transparently
clear to actors on the scene in the 1970s, that bioscientific advances had obviously
opened up new markets for entrepreneurs to exploit, and that subsequent
organizational transformations in the academy and pharmaceutical product
development followed directly from technological innovations fashioned within the
capitalist system of production and exchange. He acknowledges that entrepreneurship
was a necessary element in the commercialization of biotechnologies, but also
portrays it, in a sense, as epiphenomenal. There is, however, a subtext that surfaces
occasionally within Kenney’s narrative to suggest a very different interpretation.
Discussing the formation of the biotech sector in the health care industry, the new
commercial roles for life scientists occasioned by this happening, and ensuing
transformations in university-industry relations that accelerated during the late 1970s
and early 1980s, Kenney states:

The history of consulting in molecular biology and allied fields is short;

this was merely another “basic” science before 1976. In less than a

decade, however, a new industry and a new labor force have been
created, and at the center of this maelstrom of activity were “pure”

* Says Kenney, in Biotechnology, p. 91: “In a society based on achieving high salaries and a good life
style, these professors” decisions to participate in the commercialization of their science is only to be
expected.” Kenney cites additional personal characteristics and motivations that may spur
bioentrepreneurs (pp. 97-98), including “competitiveness,” “satisfaction in moving downstream from
research to development,” and “the ennui that sets in for some professors,” a condition for which “the
thrill of operating a small, growing company” can serve as a tonic. He does not, however, pursue these
themes. Exactly how they fit, if at all, into his larger ‘neo-Schumpeterian’ explanatory framework is
never made clear.
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scientists — molecular biologists. The creation of this new labor force is

the story not of sweaty factory workers but of “think workers” dressed

in laboratory coats. And, conversely, it is a story of capitalists, though

not necessarily in Brooks Brothers suits; many are still in lab coats.

The arrangements described in the previous chapter [formal university-

industry partnerships] were in actuality a consequence of and a reaction

to the activities of these entrepreneurial professors.”*’

So, which is it, then? Are these phenomena adequately accounted for by the
dynamics of ‘science’ and ‘capitalism,’ or would it be more accurate to attribute them
to the “activities of these entrepreneurial professors?” Is the appropriate ‘level of
analysis’ for studying the emergence of the biotech industry that of abstract logics
working in the sciences and the capitalist system of exchange or that of particular
events and actions? Were the commercialization of biotechnologies and the formation
of entrepreneurial ventures for this purpose preordained, called out by forces
emanating from within the laboratory, the marketplace, and relevant institutional
environments? Following the invention of biotechnologies within the particular
cultural, scientific, and economic conditions that characterized the late 1970s, was it
inevitable that entrepreneurs would appear to promote them? Or were spontaneous
entrepreneurial actions themselves the original catalysts for the social changes that
have appeared in the wake of biotechnologies and biotechnologists wherever they
have traveled in the world? Kenney provides generalized descriptions of boundary-
spanning social ties that connect universities and scientific disciplines with venture

capital firms, start-up companies, large corporations, and so on, associations that have

come to constitute the field of biotechnology.* But generalized descriptions of

4 Kenney, Biotechnology, p. 91; emphasis added.

# Kenney, Biotechnology, ch. 5-8.
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patterns of social interaction can be formulated only after interactions have become
conventional. Kenney spares but a few pages to relate the specific situated actions of
entrepreneurs who initiated these sorts of connections.

The logical tension present in Kenney’s explanatory framework does not
reflect the complexity of its empirical object, or what economists, management
scholars, and social scientists often describe as the ‘elusive’ character of
entrepreneurship.”® Rather, the sources of this paradox reside in theoretical
assumptions that Kenney borrows from Joseph Schumpeter. Kenney’s account draws
on Schumpeter’s general theory of capitalism, incorporating its postulation of
economic “statics” and “dynamics.” Schumpeter considered technological
Innovation an important source of economic change, and believed that standard
economic approaches were unable to account adequately for its role. But Schumpeter
located the link between ‘static’ and ‘dynamic’ moments of the economic process in
the figure of the entrepreneur — an extraordinary individual who disrupts an economy

in equilibrium by extraordinary means.”> Kenney does not follow Schumpeter down

* Periodic reviews of entrepreneurship studies often lament the chronic conceptual disunity that
characterizes the field, but invariably chalk it up, as do Raphael Amit, Lawrence Glosten, and Eitan
Muller, to “the interdisciplinary character of entrepreneurship.” See Amit, Glosten, and Muller,
“Challenges to Theory Development in Entrepreneurship Research,” Journal of Management Studies,
1993, 5: 815-834. Deborah Brazeal makes similar observations in “The Genesis of Entrepreneurship,”
Entrepreneurship: Theory & Practice, 1999, 23: 29-45. I discuss theories of entrepreneurship in greater
detail below, in chapter two.

* Joseph A. Schumpeter, The Theory of Economic Development: An Inquiry into Profits, Capital,
Credit, Interest, and the Business Cycle, trans. Redvers Opie, New Brunswick, NJ: Transaction Books,
1983 [1926].

* Kenney subscribes only to Schumpeter’s early analysis of entrepreneurship that envisioned organizers
of new ventures unleashing “gales of creative destruction,” rushing to fill new economic spaces and
displacing established firms through the implementation of innovative means of production that render
conventional competencies obsolete (see Joseph A. Schumpeter, The Theory of Economic
Development, 1983 [1926]). He presents the biotech industry as a refutation of Schumpeter’s later
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this interpretive path. He does not tell tales of leadership or charisma. Where
Schumpeter depicted the personal motives and qualities of entrepreneurs as the
animating breath of life in processes of economic change,® Kenney talks about market
potentials created by new technologies, and the strategic gambits of individuals and
firms moving to exploit them. At the level of individual action, Kenney finds only
rational calculation.”” Kenney’s reliance on Schumpeter’s analytical categories —

without adhering faithfully to Schumpeter’s conception of entrepreneurship and the

thesis which postulated that corporate bureaucracies had, through expansion and the internal
development of technical power, wrested control of the innovation process from individual
entrepreneurs, erecting insurmountable barriers to market entry, and paving the way for a de facto
socialist future. See Joseph A. Schumpeter, Capitalism, Socialism, and Democracy, New York: Harper,
1942. Kenney’s discussion of this later work is found in “Schumpeterian Innovation and Entrepreneurs
in Capitalism: A Case Study of the U.S. Biotechnology Industry,” Research Policy, 1986, 15: 21-31.
Others lately reevaluating the notion that biotechnologies have significantly expanded existing markets
or created new ones note the sluggish movement of bioengineered products through development
pipelines and across regulatory hurdles, and speculate that the economic and social structural impacts of
products manufactured by small firms may be relatively minor. See, for example, Frederick H. Buttel,
“How Epoch Making are High Technologies? The Case of Biotechnology,” Sociological Forum, 1989,
4, 2:247-261; and Robert Teitelman, The Profits of Science: The American Marriage of Business and
Technology, New York: Basic Books, 1994, ch. 10.

% Joseph A. Schumpeter, Essays: On Entrepreneurs, Innovations, Business Cycles, and the Evolution of
Capitalism, ed. Richard V. Clemence, New Brunswick, NJ: Transaction, 1989; see, especially, ch. 3,
“The Instability of Capitalism”; ch. 18, “The Creative Response in Economic History”; and ch. 21,
“Economic Theory and Entrepreneurial History.” See, also, Joseph A. Schumpeter, The Theory of
Economic Development: An Inquiry into Profits, Capital, Credit, Interest, and the Business Cycle, trans.
Redvers Opie, New Brunswick, NJ: Transaction Books, 1983 [1926].

*7 Apparently, for Kenney, personalities and individual motives and talents are significant only to the
extent that they influence decisions to make such calculations and then to act in determined, methodical
ways when clear paths to profit are indicated. Elsewhere, he refers to entrepreneurial “dedication” and
“vision,” but also describes entrepreneurship, following Schumpeter, as an expected response to certain
material conditions, a capacity to recognize objective opportunities: “The market potential created by
new technologies and possible new products encourages a rush of entrepreneurs into what Schumpeter
termed a ‘New Economic Space.”” See Martin Kenney, “Schumpeterian Innovation and Entrepreneurs
in Capitalism: A Case Study of the U.S. Biotechnology Industry,” Research Policy, 1986, 15: 21-31;
quote on p. 23.
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‘nonrational” sources of innovation — prevents him from coherently integrating
particular actions and events into his causal explanations of larger social processes.*®
There is much to be learned from Kenney’s report. It documents the structural
and institutional preconditions of commercial biotechnology, the playing field on
which scientific entrepreneurs formulated and carried out plans in order to accomplish
their ends, and it traces the broad contours of the social and economic changes that
have appeared through the creation of this industry. But Kenney’s account of
entrepreneurship is inadequate. In fact, his story is hardly about entrepreneurship at
all. As a professed Schumpeterian, Kenney credits scientific entrepreneurs with
playing important roles, but he has little to say about the actual work that they have
done. He describes the consequences of entrepreneurial actions, but neglects the
entrepreneurial process itself. This omission inadvertently slights the creativity and
the contributions of the persons who built the biotech industry from the ground up.
Worse, it ultimately undoes many of the substantive conclusions that Kenney draws
about systemic and institutional sources of innovation said to have induced and
sustained efforts to commercialize biotechnologies. Kenney provides a masterful
sketch of the structural transformations wrought by biotechnologies during the first

decade of their careers in business, but he misrepresents the relationships between

“® Here, 1 do not mean to endorse Schumpeter’s general theory of capitalism. Many critics have cited
logical inconsistencies in Schumpeter’s uneasy marriage of economic ‘statics’ and ‘dynamics,” and in
his dual methodological commitments to economic modeling and economic history as means of
accounting for them. See, for example, Harry F. Dahms, “From Creative Action to the Social
Rationalization of the Economy: Joseph Schumpeter’s Social Theory,” Sociological Theory, 1995, 13,
1: 1-13. The approach that I adopt in this work suggests that problems issue as well from fast
distinctions that Schumpeter makes between ‘rational’ and ‘nonrational’ elements of entrepreneurial
action, and from syncretic assumptions underlying his views on entrepreneurship and the nature of
business cycles and “long waves” of innovative expansion.
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diffuse processes of technological and organizational innovation, on the one hand, and
entrepreneurial actions, on the other.
OPEN SYSTEMS ORGANIZATIONAL THEORIES

Nearly twenty years have passed since the publication of Kenney’s book, the
first substantial academic assessment of growth in the field of commercial
biotechnology. Many analysts in the social sciences have since taken to tracking the
evolution of the industry from a wide variety of perspectives. Among those concerned
primarily with the economic and organizational aspects of this development,
particularly influential analytical approaches have included transaction cost
economics,” ‘evolutionary’ economics,”® ‘neoinstitutional’ organizational theory,”’
and sociological network analysis.”* In the language of organizational studies, all can

be classified as ‘open systems’ theories.” That is to say, they conceptualize firms, not

# See Oliver Williamson, Markets and Hierarchies: Analysis and Antitrust Implications, New York:
Free Press, 1975, and “The Economics of Organizations,” American Journal of Sociology, 1981, 87:
548-5717.

% Giovanni Dosi, Technical Change and Industrial Transformation, New York: St. Martin’s Press,
1984; Richard Nelson and Sidney Winter, An Evolutionary Theory of Economic Change, Cambridge,
MA: Harvard University Press, 1982,

3 Mary C. Brinton and Victor Nee, eds., The New Institutionalism in Sociology, New York: Russell
Sage Foundation, 1998; Geoffrey M. Hodgson, “The Return of Institutional Economics,” pp. 58-76 in
The Handbook of Economic Sociology, eds., Neil J. Smelser and Richard Swedberg, Princeton, NJ:
Princeton University Press, 1994; Walter W. Powell and Paul J. DiMaggio, eds., The New
Institutionalism in Organizational Analysis, Chicago: University of Chicago Press, 1991.

*2 Joel M. Podolny, and Karen L. Page, “Network Forms of Organization,” Annual Review of
Sociology, 1998, 24: 57-76; Walter W. Powell, “Neither Market Nor Hierarchy: Network Forms of
Organization,” pp. 295-336 in Research in Organizational Behavior, vol. 12, eds., L.L. Cummings and
B. Shaw. Greenwich, CT: JAI Press, 1990; Walter W. Powell and Laurel Smith-Doerr, “Networks and
Economic Life,” pp. 368-402 in The Handbook of Economic Sociology, eds., Neil J. Smelser and
Richard Swedberg, Princeton, NJ: Princeton University Press, 1994.

>3 See Nitin Nohria and Ranjay Gulati, “Firms and Their Environments,” pp. 529-555 in The Handbook
of Economic Sociology, eds. Neil J. Smelser and Richard Swedberg, Princeton, NJ: Russell Sage
Foundation, 1994.
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as atomized entities engaged in pure economic competition, but rather more like
biological organisms that interact with and are shaped by their environments. For
human organizations, environments are social and institutional, and, according to open
systems theories, not adequately characterized as markets. They are viewed as fields
of cooperation, interdependence, and shared cognitive and normative understandings,
as well as instrumental exchange and competition.

In the discipline of sociology, ‘open systems’ theories are indebted, in certain
respects, to the ‘human relations’ and ‘natural systems’ schools of industrial
organization that became influential in the 1940s and 1950s.>* These programs
emphasized informal relations, and not formal structures, as the keys to understanding
organizational functioning. ‘Open systems’ analyses likewise often attend to the
informal aspects of organization. The earlier programs, however, tended to focus
inquiries narrowly within the boundaries of individual organizations at the expense of
attention to ecological conditions. ‘Open systems’ analyses generally reverse this
emphasis, some almost entirely by attempting to predict the behaviors and fortunes of
firms on the basis of their locations in industrial sectors or organizational fields.>
Empirical investigations in open systems modes seek to illustrate what Mark

Granovetter has called the “embeddedness” of economic action in social relations —

5% See, for example, Elton Mayo, The Social Problems of an Industrial Civilization, Boston: Harvard
Business School, 1945; Fritz J. Roethlisberger and William J. Dickson, Management and the Worker,
Cambridge, MA: Harvard University Press, 1939; and Philip Selznick, TVA and the Grass Roots; A
Study in the Sociology of Formal Organization. Berkeley: University of California Press, 1949,

> Studies in the latter mode apply concepts drawn from the ‘population ecology’ paradigm in biology to
the sociological investigation of human organizations. See Michael T. Hannan and John Freeman, “The
Population Ecology of Organizations,” American Journal of Sociology, 1977, 82: 929-964.
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and the classes of social action relevant to organizational theory extend well beyond
the conventional categories of economic analysis.*®

From this starting point, open systems theories of innovation define themselves
1n opposition to neoclassical equilibrium models of the economic process.
Neoclassical theorists typically assume monadic, utility-maximizing actors (whether
individuals or firms) operating in conditions of perfect competition, while ignoring
problems of access to information and the mediating ‘effects’ of social relationships
and institutions on market behaviors. These traditional assumptions and orientations
become particularly problematic when applied to science-driven innovative growth in
high-tech fields. Clearly, scientific research conducted in universities and academic
research institutions has become a crucial component of economic development in the
20™ century. Yet, neoclassical models do not account for the actual generation of new
knowledge, and they fail to consider the economic implications of institutional
structures in research and development and practical organizational mechanisms for
technology transfer. They treat expanded technical capacities issuing from the
sciences as public windfalls that become available simultaneously to all competitors in
the marketplace. Since 1956, when Robert Solow introduced the idea of a “moving

equilibrium” in which the effects of new technologies show up in the economy as

improved rates of productivity from labor and other inputs, economists of many

% Mark S. Granovetter, “Economic Action, Social Structure, and Embeddedness,” American Journal of
Sociology, 1985, 91: 481-510.
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different stripes have accepted the view that technological advances push the system
ahead from the outside.”’

With this premise regarding technological development anchored firmly in
place, important aspects of innovation are invisible from the neoclassical point of
view. The evaluation and monopolistic appropriation of new knowledge and
techniques are central functions of operations within contemporary high-tech firms.
The survival of these organizations hinges on how well they execute such tasks under
conditions of uncertainty in dynamic environments. Neoclassical analyses are
incapable of handling these complex processes. They are designed to model a
systemic equilibrium, the result of competition for control of a given supply of scarce
resources. They are thus equipped to treat the sources of innovation that spur
economic growth in high-tech fields only as ‘exogenous variables.” Even big-time
macroeconomic modelers, social scientists who vie for Nobel Prizes and whisper in
the ears of princes, have begun to admit that new technologies should not be treated as
exogenous inputs to growth. Since unexpected shocks to the U.S. economy in the
1970s (triggered by the war in Vietnam and the oil crisis in the Middle East) spelled
the end of Keynesian hegemony, neoclassical ideas have dominated in this sphere.
However, as the fundamental importance of post-World War II high-tech industries
for national and global economic prosperity in the present and future has become
increasingly obvious, many practitioners have come to consider the absence of

realistic treatments of innovation a glaring omission in the neoclassical scheme.

37 Robert Solow, “A Contribution to the Theory of Economic Growth,” Quarterly Journal of
Economics, 1956, 70: 65-94.
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‘New Growth’ theorists, for example, contend that technological innovations
cannot be treated coherently as simple functions of demands for labor, capital
accumulations, or interest rates in static models.® The specialized resources
(knowledge and skill) that feed innovation must be generated internally within the
economy before they can be applied. They do not simply materialize in the instant of
a market command. To account for the phenomenon of technological innovation,
‘New Growth’ proponents argue that technical advances follow from the asymmetric
distribution of knowledge within the economic system and that not all actors are
positioned to take advantage of them. On this view, new technologies cannot be
considered pure (i.e., costless) public goods. Those who control knowledge and
technologies can often partially exclude others from implementing them, and they may
derive supernormal returns from their use (although benefits can and do spill over to
others). In order to incorporate these facts into abstract models of growth, the
neoclassical assumptions of perfect information and perfect competition have to be
abandoned, and the neoclassical definition of economy has to be enlarged.
Neoclassical economists simply have no means (and what is worse, no need) to
conceptualize innovation. They can account for new technologies only after
inventions and innovations have become established as resources, tools, or
commodities of estimable value. This theoretical deficiency is a direct consequence of
the neoclassical propensity to decontextualize economic action. Open systems studies

of innovation can be understood as sociologically informed counterparts of ‘New

58 See Paul M. Romer, “The Origins of Endogenous Growth,” Journal of Economic Perspectives, 1994,
8, 1: 3-22; and “Why, Indeed, in America? Theory, History, and the Origins of Modern Economic
Growth,” American Economic Review, 1996, 86, 2: 202-206.
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Growth’ analysis. They remedy the shortcomings of neoclassical economics by
analyzing strategic market behaviors, and a wide range of additional determinants and
effects of technological progress, as they appear concretely within ever-changing
social, cultural, institutional, and political environments.”
TRANSACTION COST ECONOMICS

Transaction cost economics is concerned primarily with the ‘governance,’ or
organizational structure, of economic activity. Forms of governance (markets,
bureaucratic hierarchies, or hybrids) are understood from this perspective as products
of strategic decisions made by economic actors (individual or collective). In
transaction cost economics, it is assumed that actors will automatically make ‘rational’
choices when they can be identified. These are choices that reduce risks and
maximize the efficiency of resource expenditures. To this extent, transaction cost
analysis is a thoroughly economistic program. It departs from neoclassical theory,
however, in that it examines the actual conditions in which strategic decisions are
made. It recognizes that — in real-life economics — problems of information are
chronic. Individuals and organizations cannot always calculate risks, and must
sometimes act when outcomes are uncertain. The organization of the economy,
according to transaction cost theory, is always a reflection of situated, imperfectly

informed actions. Advocates of this approach interpret the shapes and relations of

5% Some suggest, though, that the statistical modeling techniques favored by open systems analysts as
empirical methods are not well-suited for representing organizational and technological changes as
normatively ordered social processes constituted by situated actions unfolding in real time. See, for
example, comments by Arthur L. Stinchcombe in “Weak Structural Data,” Contemporary Sociology,
1990, 19: 380-382; and “Work Institutions and the Sociology of Everyday Life,” pp. 99-116 in The
Nature of Work: Sociological Perspectives, ed. Kai Erikson and Steven Peter Vallas, New Haven, CT:
Yale University Press, 1990.
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organizations in any economic field as the results of assessments that grounded
individual and collective actors have made of their relative positions and chances, and
of strategies that they have engaged in light of them. Transaction cost theory explains
organizational forms in terms of practical rather than idealized economizing.

In order to account for the ways in which introductions of new biotechnologies
have restructured the pharmaceutical industry, transaction costs analysts have focused
on ‘make-or-buy’ decisions confronting organizations that populate the field. Large,
established drug companies have had to choose between developing biotech R&D
capabilities in-house (a hierarchical form of innovation governance), or, alternatively,
accessing new technologies through contractual relations with small entreprenecurial
start-ups (i.e., market governance). For their part, small companies conducting R&D,
upon reaching a certain stage of maturity, must either proceed with ‘forward
integration’ into manufacturing, marketing, regulatory affairs, and other functions, or
turn to larger corporate partners for assistance. Transaction costs studies examine how
these collective actors have opted to manage trade-offs between the internal
administrative costs of vertical bureaucratic organization, on the one hand, and the
risks and uncertainties of market exchanges, on the other. The development of
commercial biotechnology has given rise to a complex array of strategic alliances,
joint ventures, consértia, and mergers and acquisitions, as firms large and small have
attempted to combine complementary assets in various ways in order to accomplish
their objectives. From the transaction cost point of view, the evolving structures of
competition and cooperation in biopharmaceuticals — the emergence and survival of

entrepreneurial ventures, and the responses of established corporations to the new
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start-ups and new technologies — are best understood in terms of firms’ ‘make-or-buy’
strategies. These courses of action (whether effective or not) are said to account for
the organizational forms and the distinctive configuration of interorganizational
relations that characterize the field.*
EVOLUTIONARY ECONOMIC THEORIES OF INNOVATION

Evolutionary theories of innovation introduce a similar, but less economistic,
and more properly sociological perspective. The evolutionary approach makes
explicit use of biological analogies to represent organizational forms and functions
within larger ‘ecological’ settings. It proposes that firms’ settled organizational
routines and conventions resemble, in a manner of speaking, the inherited genetic
templates of biological organisms. In evolutionary accounts of innovation, outcomes
are read as the combination of the internal characteristics, dispositions, and
competencies of firms with principles of ‘natural selection’ at work in social
‘ecosystems’ comprised of technological, economic, institutional, and political
dimensions. Mechanisms of selection in these environments include but are not
limited to market competition. Adaptive responses of firms to their environments are
said to determine the maintenance or abandonment of both established and
experimental practices, and, hence, the developmental histories of particular

technological designs within discrete organizations and industrial sectors. The sum of

% See Ashish Arora and Alfonso Gambardella, “Complementarities and External Linkages: The
Strategies of Large Firms in Biotechnology,” Journal of Industrial Economics, 1990, 37, 4: 361-379;
Gary P. Pisano, Innovation Through Markets, Hierarchies, and Joint Ventures, Ph.D. Dissertation,
University of California, Berkeley, 1989; Gary P. Pisano, “The Governance of Innovation: Vertical
Integration and Collaborative Arrangements in the Biotechnology Industry,” Research Policy, 1991, 20:
237-249.
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these responses (understood as, say, the conditions of firms in a given environment at
any given point in time) are also taken as demonstrations of the relative efficacy, or
“fitness,” of different organizations in the short or long term. In contrast to transaction
cost economics, which assumes the ‘rationality’ of firm behaviors (within the limits of
feasible environmental monitoring), evolutionary theories conceptualize firms’
strategic gambits as themselves embedded in organizational habits and routines. In
this manner, they place greater weight on constraints imposed by firms’ internal
characteristics, and especially their capacities for adapting, in the moment or over
time, to external conditions and contingencies.

Evolutionary theories, unlike others on the menu in economics, reserve a place
for concrete processes of technological work in accounts of innovation and the
industry structures that support it. In evolutionary studies of biotechnology, research
and development processes are treated as integral components of firms’ behavioral
patterns, and so are available for use as explanatory resources in substantive analyses
of real world phenomena. The technical and organizational experience and skill that
firms acquire (or not) in the course of R&D activities are listed among the operative
causes of events and outcomes in the field. Evolutionary studies are able in this way
to portray recent transformations in the pharmaceutical industry as consequences of
‘technological discontinuities.” They emphasize the “competence destroying”
character of new biotechnologies.®’ From the evolutionary point of view, the

appearance of new ventures in the pharmaceutical business can be attributed, in part,

® On the Schumpeterian concept of “competence destroying” technical advance, see Michael Tushman
and Philip Anderson, “Technological Discontinuities and Organizational Environments,”

Administrative Science Quarterly, 1986, 31: 439-465.
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to the capacity of biotechnologies to outperform and perhaps make obsolete
established techniques of drug production.®” The persistence of small companies
against countervailing economic forces in the field is explained by benefits accruing to
the control of these new scientific resources. Through the development of
organizational instruments for tapping and cultivating advances in academic
bioscience, the new firms have been able to exempt themselves from the industry’s
established economies of scale, and to leverage their survival when entering into
partnerships with larger, richer corporations. For all of the disadvantages associated
with small size and undercapitalization, entrepreneurial start-ups in this field have
enjoyed a head start in the development of biotechnologies. Because their
organizational ‘genotypes’ and ‘phenotypes’ have been constituted in the
recombination of practices from both academic and commercial settings, the new
firms have been uniquely equipped to develop and sustain innovative
biopharmaceutical programs.”® Evolutionary theories have incorporated the
organizational procurement and utilization of scientific and technological skills into
descriptions of how new biotech companies and their larger competitors behave and

fare in the markets, organizational fields, and larger institutional contexts that

%2 The traditional approach is often described by those in the drug business as ‘empirical’ rather than
‘rational.” In the 20™ century, commercial drug discovery has consisted primarily in the mass screening
of chemical compounds for pharmacological activity. Investigations proceed from this more or less
random search to the chemical reformulation of candidate compounds that exhibit desired
characteristics or effects. The word ‘rational,” by contrast, is used to describe drug discovery and
development processes that begin from an established base of knowledge regarding specific materials,
chemical or biological, and the means by which they might be transformed into safe, effective
medicines. In this context, it would be a mistake to interpret the terms ‘empirical’ and ‘rational’ in the
manner of philosophers of science. Both refer to methods informed by practical experience.
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comprise the pharmaceutical industry.** This affords them a decided advantage over
economic programs that neglect to do so.
SOCIOLOGICAL NETWORK ANALYSIS

In the discipline of sociology, no recently devised program of research has
generated more excitement, optimism, or empirical inquiries than social network
analysis. Seminal works in this area include Mark Granovetter’s famous writings on
job markets.®> Granovetter showed that individuals are afforded certain opportunities
and prevented from recognizing or taking advantage of others because they travel in
specific, delimited social circles. For analytical purposes, the patterned interactions
that constitute these social spaces can be conceptualized as networks with two-
dimensional structures. Granovetter surmised that as the shapes of networks vary, that
is, as the quantity and quality of the relationships that they represent differ, so do
individuals’ options and chances vary and differ. In the case of labor market mobility
and choice, he found that participation in sparse, expansive networks composed of

numerous “weak” ties (e.g., casual acquaintances) generally offers actors greater

5 Obviously, the biological analogy has limits. Organizational environments are social, cultural,
economic, and political, as are the ‘mechanisms’ that produce recombinations and mutations of
organizational codes.

% See Ashish Arora and Alfonso Gambardella, “Evaluating Technological Information and Utilizing It:
Scientific Knowledge, Technological Capability, and External Linkages in Biotechnology,” Journal of
Economic Behavior and Organization, 1994, 24: 91-114; Steven W. Collins, “Genes, Markets, and the
State: The Emergence of Commercial Biotechnology in the United States and Japan,” Ph.D.
Dissertation, University of Virginia, 1994; Alfonso Gambardella, Science and Innovation: The U.S.
Pharmaceutical Industry During the 1980s, Cambridge: Cambridge University Press, 1995, esp. ch. 6;
Maureen D. McKelvey, Evolutionary Innovations: The Business of Biotechnology, Oxford: Oxford
University Press, 1996; and Luigi Orsenigo, The Emergence of Biotechnology: Institutions and Markets
in Industrial Innovation, New York: St. Martin’s Press, 1989.

% Mark S. Granovetter, “The Strength of Weak Ties,” American Journal of Sociology, 1973, 78, 6:
1360-1380; and Getting a Job: A Study of Contacts and Careers, Cambridge, MA: Harvard University
Press, 1974.
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flexibility than participation in networks composed of dense, concentrated “strong”
ties (those that encourage ‘endogenous’ patterns of interaction). In short, Granovetter
confirmed what is summarily expressed in the old adage ‘it’s who you know that
counts.”®® Recent sociological studies of innovation in biotechnology and the
pharmaceutical industry have shown that firms in high-tech industries derive the same
benefits from networking; in fact, these works represent firms and high-tech industries
as networks in organizational form, while confirming the crucial importance of
interfirm linkages and alliances for effective competition and survival in clustered,
globalized, ‘scale free’ information economies.®’

The implications of selecting network associations as the relevant point of
departure for social research, however, extend far beyond any particular substantive
conclusion. The popularity of the network approach can be attributed to the fact that it
has enabled social researchers to stretch their empirical reach to include a broad range
of general social phenomena that were not previously well-defined. Through the
application of network concepts, researchers have been able, or so they have claimed,
to specify mechanisms by which culture is diffused in social and geographic space,

and to link the social phenomena of mimicry, contagion, influence, and power with

definite patterns of interaction. Historically, these concepts have been among the most

% Of course, when people say ‘it’s who you know that counts,” they are not necessarily referring to
specific individuals (say, for example, those to whom one is strongly tied). They might just as well be
making a general theoretical statement. When the latter is the case, it is implied that who counts, who
doesn’t, and for what purposes, depends on circumstances at hand, and also that those who matter may
include persons to whom one is only loosely connected.

87 See Albert-Laszl6 Barabasi, Linked: The New Science of Networks — How Everything is Connected

to Everything Else and What it Means for Science, Business, and Everyday Life, Cambridge, MA:
Perseus, 2002, pp. 206-209.
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slippery for sociologists to handle. In the methodological toolkit of the network
paradigm are instruments that permit the sources and effects of such elusive
phenomena to be identified and measured with greater precision in observable social
structures. Applications of network analytic techniques to these phenomena have thus
enriched explanations of social action in many different substantive subfields.®®
Investigators researching social movements and economic and organizational
processes have especially favored this approach. In every instance, the objective has
been to understand actions and events, whether the doings and travels of individuals or
the performances and fortunes of organizations, in terms of the larger webs of
association and interdependence in which actors are enmeshed.

The enhanced explanatory power of network analysis derives from the manner
in which it dissolves a long-standing logical conundrum in social theory. As well as a
methodological approach, the network perspective embodies a structural theory of
action that manages to avoid (in certain formulations) both the determinism of prior
functionalist models that incorporated ‘oversocialized’ conceptions of the actor, and
the economic reductionism of neoclassical and rational choice schemes that assume

for analytical purposes only ‘undersocialized’ utility maximizers.*’ In the theoretical

%8 See David Strang and Sarah A. Soule, “Diffusion in Organizations and Social Movements: From
Hybrid Corn to Poison Pills, “ Annual Review of Sociology, 1998, 24: 265-290.

% For a trenchant critique of ‘overenthusiastic’ sociology, see Dennis Wrong, “The Over-Socialized
Conception of Man in Modern Sociology,” American Sociological Review, 1961, 26: 183-193. Wrong
rightly appealed to Freudian ideas to counter Talcott Parsons’ depiction of homo sociologicus. For
trenchant critiques of ‘overenthusiastic” economics, see Talcott Parsons, The Structure of Social Action,
New York: McGraw-Hill, 1937; and Talcott Parsons and Neil J. Smelser, Economy and Society: A
Study in the Integration of Economic and Social Theory, Glencoe, IL: Free Press, 1956. Parsons
eventually incorporated Freudian ideas into a model of the “personality system” — although not rightly
from the Wrong point of view — in order to round out his sociological alternative to homo economicus.
See Talcott Parsons, Social Structure and Personality, New York: Free Press of Glencoe, 1964.
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imagery of network analysis, social action is situated in spheres of circumscribed
agency, network niches or nodes comprised of particularized sets of capacities and
constraints. The advantages and liabilities of these positions become defined in time
and social context as networks take shape and evolve around them. From the
perspectives of niched or noded actors, network structuring processes generate
continually changing, but always bounded, horizons of possibility.”” With this
conceptualization, the network approach does away with a fundamental problem of
explanation that contemporary sociology has inherited from its classical theories: how
to manage in substantive accounts the opposition of social structure and human
agency. In network analysis, the concepts of structure and agency are integrated
empirically into the same theoretical scheme. Network analytic techniques harness
sufficient intellectual horsepower to represent at the level of concrete interactions both
the exercise of voluntary choice and degrees of freedom and constraint defined by

social conditions and circumstances.’!

" See Harrison White, Identity and Control: A Structural Theory of Social Action, Princeton, NJ:
Princeton University Press, 1992.

" Critics have argued cogently that this is accomplished through the reification of network positions, an
operation that endows social locations and not actions with causal properties. For an exhaustive
theoretical exposition on problematic treatments and deliberate omissions of human agency in
sociometric network approaches that posit the “structural equivalence” of actors (i.e., people), see
Mustafa Emirbayer and Jeff Goodwin, “Network Analysis, Culture, and the Problem of Agency,”
American Journal of Sociology, 1994, 99: 1411-1451. Emirbayer and Goodwin contend that without
adequate attention paid to parts played by individual choices, motives, and commitments to cultural
values, network studies will not be able to account for “the formation, reproduction, and transformation
of social networks themselves” (p. 1413). From a point of view pertinent to the disciplinary interests of
network analysts, however, they miss the point. In structural network analysis, networks are obviously
self-organizing. They form, reproduce, and transform themselves (and so, in the study of social
networks from this perspective, it is not necessary or profitable to inquire about people’s motives,
mtentions, or values).
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The network approach is a flexible one. It permits researchers to conduct
mvestigative affairs at multiple levels of abstraction. Network maps cut across
different levels of analysis simultaneously, supplying researchers with a method of
tying together micro, meso, and macro theoretical spheres by empirical means.
Persons or collectives may be designated as network constituents. Patterns of
association among persons are studied in order to derive information about
organizational processes. Investigations of organizational networks ratchet the
theoretical apparatus up to the level of corporate actors. They examine how aggregate
structures of interorganizational links regulate the behaviors of collective entities. In
principle, mapping links across organizational fields brings into view even broader
macrosocial institutional environments. And with yet another abstractive leap, the
topics that occupy students of international relations, global political economy, or
‘world systems’ analysis could be translated into the network idiom. At every level,
networks appear to exhibit emergent properties that channel individual and corporate
behaviors ‘from above,” so to speak. Network analytic techniques are thus appropriate
for investigating social processes of any form or magnitude. This is so because, as
Podolny and Page comment in a review of efforts to understand the functioning of
social networks in organizations and organizational fields: “...from a structural

perspective, every form of organization is a network.”’

7> Joel M. Podolny and Karen L. Page, “Network Forms of Organization,” Annual Review of
Sociology, 1998, 24: 57-76; quote on p. 60. This fact begs questions about the discursive and
prediscursive experiential foundations of structural theorizing in organizational sociology. For instance,
how is it possible for network analysts to reduce to sameness concepts (e.g., organizational types) that
are distinguished in other theories? What is implied about the ontological character of the objects
‘explained’ or ‘covered’ in organizational theories (e.g., persons, behaviors, social interactions) if these
concepts can be so reduced? What makes the reductions plausible? What makes the differentiated
higher order concepts (i.e., organizations) intelligible?
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Some network analysts focus exclusively on the architectures of network
formations, and the effects that particular network configurations visit on actors
(individuals or collectives) positioned variously within them.” Working from
decontextualized blueprints of network ties, they attempt to uncover the ways in which
structures of association determine outcomes of social processes. For instance,
‘population ecology’ studies of organizations have adopted network modeling
techniques in order to characterize mechanisms of ‘natural selection’ in organizational
fields. In the case of business firms, such studies attempt to show how locations in
interorganizational networks dictate the ways in which companies may respond
strategically to market conditions and the demands of competition.”* These locations
can limit the range of autonomous actions that firms may engage, but they
simultaneously provide companies with access to resources necessary for the exercise
of goal-oriented action. Research on the positioning of corporate actors in network
niches or nodes can perhaps provide useful information on the character and purposes
of interfirm alliances once stable patterns of association have been established (and
maybe, to some extent, for as long as these patterns are sustained in some recognizable

manner).

” Well-known efforts to elaborate and boost the predictive capabilities of the network paradigm in this
direction include, Ronald S. Burt, Structural Holes: The Social Structure of Competition, Cambridge,
MA: Harvard University Press, 1982, and Toward a Structural Theory of Action: Network Models of
Social Structures, New York: Academic Press, 1992; and Harrison White, Identity and Control: A
Structural Theory of Social Action, Princeton, NJ: Princeton University Press, 1992.

7 See Michael T. Hannan and John Freeman, “The Population Ecology of Organizations,” American
Journal of Sociology, 1977, 82: 929-964; Walter W. Powell, Douglas R. White, Kenneth W. Koput, and
Jason Owen-Smith, “Network Dynamics and Field Evolution: The Growth of Interorganizational
Collaboration in the Life Sciences,” American Journal of Sociology, forthcoming, 2004.
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Many other network studies have been conducted to pursue themes associated
with the ‘new institutionalism’ in organizational analysis.”> Works of this kind
explore the significance of social networks as a distinctive type of organizational
governance. Unlike most programs of research in economics (the evolutionary
approach is a notable exception), network analyses drawing on neoinstitutionalism are
concerned with the ways in which social associations and processes constitute a
transparent cultural backdrop for activities that appear in many economists’ models as
instances of ‘purely’ rationalized calculation and exchange. They attempt to
demonstrate that network associations modify the workings of markets, presenting
opportunities to and imposing normative constraints on individuals and organizations
beyond those that conventional economic analyses are equipped to recognize. The
network as a normative form of governance is said to modulate purely instrumental
strategic decision-making. In ‘networked organizations,’ the basis of interaction and
exchange consists in trust and loyalty, mutual obligations to forgo opportunism, and
norms of reciprocity, as well as formal contractual agreements. In such organizational
settings, sustaining relationships may take precedence over profits or efficiency.
Ethical participation in network relationships may, in fact, be a necessary precondition
for profit-making or efficiency. For this reason, many organizational theorists contend

that network forms of organization differ qualitatively from markets and bureaucratic

73 Mary C. Brinton and Victor Nee, eds., The New Institutionalism in Sociology, New York: Russell
Sage Foundation, 1998; Paul J. DiMaggio and Walter W. Powell, “The Iron Cage Revisited:
Institutional Isomorphism and Collective Rationality in Organizational Fields,” American Sociological
Review, 1983, 48: 147-160; John W. Meyer and Brian Rowan, “Institutionalized Organizations: Formal
Structure as Myth and Ceremony,” American Journal of Sociology, 1977, 83: 340-363; Walter W.
Powell and Paul J. DiMaggio, eds., The New Institutionalism in Organizational Analysis, Chicago:
University of Chicago Press, 1991.
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hierarchies. Networks are not hybrids of markets and hierarchies but distinctive forms
in their own right.”®

This branch of network analysis also shares with evolutionary economic
theories a focus on the cognitive dimensions of social organization. It, too, is
concerned with routinized practices, and the shared, deeply-ingrained, taken-for-
granted cultural understandings that permit organizational activities to be conducted in
more or less orderly ways as a matter of course. Consequently, network analyses
testing neoinstitutional ideas devote greater attention to the content of network links,
the normative substance of network relationships, social differences among network
constituents, and the concrete functions that network connections serve in the
maintenance of social organizations and institutions. Investigations of these
phenomena are conducted at various levels of analysis. Some examine the adoption of
practices by individual organizations; others are concerned with broader social logics
that define organizational fields. Neoinstitutional organizational theory is built on the
idea that some measure of normative and ideological cohesiveness is ordinarily a
precondition for the reproduction of social structures and institutions. On this view,
the maintenance of a social order depends on the perceived legitimacy, by at least
some of its members, of the institutions and structures of authority that constitute it.
From this perspective, organizational life is understood to be imbued with collectively

recognized meanings and values. And in business, to cite just one important sphere of

7® Walter W. Powell, “Neither Market Nor Hierarchy: Network Forms of Organization,” pp. 295-336 in
Research in Organizational Behavior, vol. 12, eds., L.L. Cummings and B. Shaw, Greenwich, CT: JAI
Press, 1990. Notions of ‘pure instrumentalism’ and ‘strict organizational formality” perform
indispensable conceptual and rhetorical functions in arguments of this kind.
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organized activity, the attributes and operations of firms are understood to carry
symbolic as well as functional significance. Network studies have been employed to
characterize the mechanisms or channels of communication through which
conventional understandings and values are established and institutionalized within
organizational and industrial fields.

By and large, network studies of the biotechnology industry have been focused
on firm-level phenomena. They seek to explain the histories of biotech companies in
terms of these firms’ positions in networks of exchange, competition, and cooperation,
while devoting attention to the functions as well as the forms of interorganizational
networks in the field. They attempt to understand the operational practices and
strategic maneuverings of biotech and pharmaceutical companies as products of
interfirm alliances, both formal and informal. The objective is to show how the
repertoires of action on which biotech companies draw as they attempt to negotiate
passages through organizational fields and competitive markets have been formulated,
signaled, and utilized within processes of interorganizational networking.”” Some
analysts have made use of network concepts to address the noninstrumental,
‘nonrational’ cultural dimensions of commercial biotech activity. They look to the

normative and ideological aspects of firms and their environments (and especially the

"7 Loet Leydesdorff and Gaston Heimeriks, “The Self-Organization of the European Information
Society: The Case of Biotechnology,” Journal of the American Society for Information Science and
Technology, 2001, 52, 14: 1262-1274; Luigi Orsenigo, Fabio Pammoli, and Massimo Riccaboni,
“Technological Change and Network Dynamics: Lessons from the Pharmaceutical Industry,” Research
Policy, 2001, 30, 3: 485-508; Jason Owen-Smith, Massimo Riccaboni, Fabio Pamumoli, and Walter W.
Powell, “A Comparison of U.S. and European University-Industry Relations in the Life Sciences,”
Management Science, 2002, 48, 1: 24-73; Walter W. Powell and Jason Owen-Smith, “Universities and
the Market for Intellectual Property in the Life Sciences,” Journal of Policy Analysis and Management,
1998, 17, 2: 253-277.
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social networks that constitute them) in order to account for the diffusion and
maintenance of organizational practices. The phenomena of interest in these studies
have been the social and cultural dimensions of the networking processes in which
biotechnologies have been validated and corporate reputations established legitimated,
and in which the industry’s peculiar financial, managerial, and organizational
conventions have been transmitted and reproduced.”® But no topic has received more
attention from network analysts than the means by which biotech companies have
made and managed technical innovations.

Of special interest for network analysts working in this area has been the
sourcing of information and skill by biotech enterprises through formal and informal
interorganizational ties. The basic insight that network-based approaches to the study
of technological research and development seek to advance is that the sources of
innovation do not reside entirely within organizational boundaries. Innovation is
depicted, instead, as a process facilitated by the transmission of knowledge and
materials between organizations. The formal confines of organizations may be
significant to the extent that internal activities promote or inhibit the formation of ties
with external entities, and positively or negatively affect the utilization of inputs from
external sources. These boundaries are assumed, however, to be highly permeable,

especially in the case of high-tech firms in emerging technoregions. Further, the firm

8 See James E. Gail, “Strategic Alliances as ‘Virtual Integration’: A Longitudinal Study of Biotech
Industry-Level Learning,” Academy of Management Journal, Best Paper Proceedings, 1995: 469-473;
Toby E. Stuart, Ha Hoang, and Ralph C. Hybels, “Interorganizational Endorsements and the
Performance of Entrepreneurial Ventures,” Administrative Science Quarterly 1999, 44, 2: 315-349; cf.
Lynne G. Zucker and Michael R. Darby, “Individual Action and the Demand for Institutions,”
American Behavioral Scientist, 1997, 40, 4: 502-513.
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as a discrete entity featuring particularized internal characteristics is understood to be
influenced to a significant degree by its history of external relationships.” Numerous
network studies have explored how the acquisition of knowledge and experience
through participation in interorganizational networks effects firm growth or
recession.*

Many questions remain unanswered in this area. For example, social
researchers conducting management and organizational studies have reported that

informal modes of information trading are ubiquitous in high-tech industry and

contribute significantly to the making of innovations.®' Others have found that open

" See Lynne G. Zucker, et al., “Collaboration Structure and Information Dilemmas in Biotechnology:
Organizational Boundaries as Trust Production,” Working Paper #5199, National Bureau of Economic
Research, Cambridge, MA, 1995.

% Joel A.C. Baum, Tony Calabrese, and Brian S. Silverman, “Don’t Go It Alone: Alliance Composition
and Startups’ Peformance in Canadian Biotechnology,” Strategic Management Journal, 2000, 21, 3:
267-294; Wesley M. Cohen, Richard R. Nelson and John P. Walsh, “Links and Impacts: The Influence
of Public Research on Industrial R&D,” Management Science, 2002, 48, 1: 1-23; David L. Deeds and
Charles W.L. Hill, “Strategic Alliances and the Rate of New Product Development: An Empirical Study
of Entrepreneurial Biotechnology Firms,” Journal of Business Venturing, 1996, 11: 41-55; Julia Porter
Liebeskind, et al., “Social Networks, Learning, and Flexibility: Sourcing Scientific Knowledge in New
Biotechnology Firms,” Organization Science, 1996, 7, 4: 428-433; Amalya L. Oliver and Julia Porter
Liebeskind, “Three Levels of Networking for Sourcing Intellectual Capital in Biotechnology,”
International Studies of Management and Organization 1997-1998, 27, 4: 76-103; Jason Owen-Smith
and Walter W. Powell, “Knowledge Networks as Channels and Conduits: The Effects of Formal
Structure in the Boston Biotechnology Community,” Organization Science, 2004, 15, 1: 5-21; Walter
W. Powell, “Learning from Collaboration: Knowledge and Networks in the Biotechnology and
Pharmaceutical Industries,” California Management Review, 1998, 40, 3: 228-240; Walter W. Powell,
Kenneth W. Koput, and Laurel Smith-Doerr, “Interorganizational Collaboration and the Locus of
Innovation: Networks of Learning in Biotechnology,” Administrative Science Quarterly, 1996, 41: 116-
145; Walter W. Powell, Kenneth W. Koput, Laurel Smith-Doerr, and Jason Owen-Smith, “Network
Position and Firm Performance: Organizational Returns to Collaboration in the Biotechnology
Industry,” pp. 229-254 in Research in the Sociology of Organizations, vol. 16, eds. Steven Andrews and
David Knoke, Stanford, CT: JAI Press, 1999; Weijan Shan, Gordon Walker, and Bruce Kogut,
“Interfirm Cooperation and Startup Innovation in the Biotechnology Industry.” Strategic Management
Journal, 1994, 15: 387-394; Lynne G. Zucker, Michael R. Darby, and Jeff Armstrong,
“Commercializing Knowledge: University Science, Knowledge Capture, and Firm Performance in
Biotechnology,” Management Science, 2002, 48, 1: 138-153.

81 See, for example, Stephen Schrader, “Informal Technology Transfer Between Firms: Cooperation
Through Information Trading,” Research Policy, 1991, 20, 2: 153-170; and Eric von Hippel, The
Sources of Innovation, New York: Oxford University Press, 1988.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



102

labor markets (those that permit individuals high degrees of mobility) facilitate this
kind of exchange, and are conspicuous features of new regional high-tech growth
clusters.*> Due to the proximity of many relevant ‘alters’ in these clusters, ‘egos’ are
able to establish and maintain extensive personal contacts. These connections enable
people to move more or less freely between local organizations and institutions. They
are also, apparently, important channels of information and technology transfer in such
settings. While in certain respects these informal associations may make life more
difficult for companies seeking to appropriate returns on knowledge and prevent losses
of strategically valuable information, they also help to explain the high rates of
innovation often found in technoregions that are densely populated geographically by
firms that are loosely interwoven socially. The evidence supporting the importance of
informal trading has been drawn mainly from case studies. Network analysis may
prove a useful tool for charting systematically the dynamics of this phenomenon. *
Tracking the social mobility of knowledge by monitoring travels of persons within
organizational fields like the biotech industry, and theorizing the relationships between

social mobility and rates of innovation, will no doubt continue to challenge and

82 See, for example, Everett M. Rogers and Katherine Larsen, Silicon Valley Fever: The Growth of
High Technology Culture, New York: Basic Books, 1984; and Annal.ee Saxenian, Regional
Advantage: Culture and Competition in Silicon Valley and Route 128, Cambridge, MA: Harvard
University Press, 1994.

8 Structural network researchers have examined relationships between firm productivity and various
kinds of interorganizational relationships in biotechnology, e.g., university-industry interactions (see
Zucker and Darby, “Intellectual Capital and the Birth of U.S. Biotechnology Enterprises,” Working
Paper #4653, National Bureau of Economic Research, Cambridge, MA, 1994), but they have yet to
correlate mathematically rates of innovation and the characteristics of labor markets in the field. Given
the prevailing methodological values in the field, a pressing task for structural network analysts must be
the confirmation of these relationships, without which understandings of innovation will remain (within
the ‘paradigm’) speculative, fragmentary, and deficient.
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occupy structural network analysts as they move boldly forward into the new
millenium.

So, to sum up: contemporary open systems studies of the biotechnology
industry, as their authors advertise, employ sophisticated methods. They feature
novel, progressive analytical vocabularies. In applying these tools, open systems
analysts have attempted to deliver rich and unique insights into the functioning of
high-tech organizations. For example, in a masterful, ground-breaking open systems
network study, Zucker and Darby have discovered that firms working with
accomplished, productive, and well-connected bioscientists tend to outperform those
that do not. On balance, these companies have been more successful. They are likely
to employee more people and to have more products in development and on the
market.** In addition to valuable empirical generalizations of this kind, network
studies of biotechnology have begun pioneering new theoretical territories in the social
scientific understanding of high-tech innovation. Powell, Koput, and Smith-Doerr, for
instance, have tested and confirmed hypotheses that, in sum, support the following
theoretical conclusion: when the resources necessary for innovation in a technological
field are complex, expanding, and widely dispersed, as is the case in biotechnology,
then firms that access and learn how to use these resources will be better positioned to

innovate and grow than those that fail to do s0.’ Network concepts draw analytical

% See Lynne G. Zucker and Michael R. Darby, “Virtuous Circles of Productivity: Star Bioscientists and
the Institutional Transformation of Industry,” Working Paper #5342, National Bureau of Economic
Research, Cambridge, MA, 1995. The practical maxim to be derived from this research, I guess, is
‘work with people who know what they’re doing.’

% These resources must be acquired by establishing connections and trading with other organizations.

See Walter W. Powell, Kenneth W. Koput, and Laurel Smith-Doerr, “Interorganizational Collaboration
and the Locus of Innovation: Networks of Learning in Biotechnology,” Administrative Science
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attention to social processes spanning organizational boundaries, and so permit and
facilitate the confirmation of these sorts of facts and theoretical summaries.

Gary P. Pisano draws complementary conclusions using different open systems
concepts. In an empirical application of transaction cost theory, he formulates and
tests hypotheses that incorporate evolutionary premises regarding the behaviors of
firms with evidence drawn from the biotechnology industry.*® Among the theoretical
implications emerging from this study is the idea that when technological innovations
appear within organizational fields, firms’ capabilities and propensities, as well as
their more tangible assets, will, in conjunction with transaction cost factors, influence
the restructuring of industrial governance. As Pisano says, “conditions that make
R&D contracting hazardous can be expected to create competition rather than
cooperation between new entrants [that control an innovation] and established firms
[that want it].”®” Under such conditions, firms will likely do well if they possess the
capacity for ‘forward integration’ into their areas of need. When conditions make
contractual agreements less risky, Pisano predicts that “cooperation between vertically

9588

or functionally specialized firms...may evolve.” When this is the case, companies

that can muster the wherewithal to manage collaborations effectively will be better

Quarterly, 1996, 41: 116-145. The take home point in this article, apparently, is that firms positioned
and prepared by chance or design for high-tech success will likely outperform those that are not so
prepared.

% Gary P. Pisano, “The R&D Boundaries of the Firm: An Empirical Analysis,” Administrative Science
Quarterly, 1990, 35: 153-176.

87 Pisano, “The R&D Boundaries of the Firm,” p. 174.
88 Pisano, “The R&D Boundaries of the Firm,” p. 174. The practical lesson, restated, for those directing

companies old or new, large or small, is this: when cooperation seems unwise, compete; when
competition appears unwise, cooperate.
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bets to survive and prosper. Pisano’s conclusions are representative of the kind of
insights that recent organizational studies have produced.

Because of recent developments in open systems analysis, organizational
theorists report that great strides have lately been made in their specialty. It seems that
organizational theorizing is much better now than it used to be. After apparently
going around in circles for decades — as organizational theorists Nohria and Gulati
have described it — shifting from the concrete to the abstract, from the material to the
ideal, and back again, in vain attempts to capture the essence of human organization,
the field is now setting aside false dichotomies and charting a bold new course that
many expect to usher in an era of unprecedented cumulative advances.® Some
practitioners assert that, through the continuing refinement of their conceptual and
empirical tools (and, it might be added, the maintenance of communicative practices
that set the enterprise apart from the world of everyday discourse), they have
positioned themselves to derive general theoretical knowledge of organizational
cohesion, coordination, competition, and conflict that will surpass, in both quality and

quantity, that which was known to previous generations.”’ The integration and

% Reviewing the history of organizational theory, which they partition into four major phases since its
inception around the turn of the century, Nohria and Gulati observe: “...the focus in the first stage was
entirely on the formal organization structure. In the second stage, the emphasis shifted dramatically,
and a great deal of importance was attached to the informal organization. In the third stage the
emphasis shifted back to the formal organization. Recently, the informal organization has again
become fashionable as the bureaucratic structure that had been the orienting framework for the formal
organization throughout this century has come under increasing attack.” See Nitin Nohria and Ranjay
Gulati, “Firms and Their Environments,” pp. 529-555 in The Handbook of Economic Sociology, eds.
Neil J. Smelser and Richard Swedberg, Princeton, NJ: Russell Sage Foundation, 1994,

% Podolny, Stuart, and Hannan, for instance, suggest that their ecological network approach, which
assesses the effects of firm location in structures of interorganizational linkages, “opens up the
possibility for a general sociological theory of competition.” See Joel M. Podolny, Toby E. Stuart, and
Michael T. Hannan, “Networks, Knowledge, and Niches: Competition in the Worldwide Semiconductor
Industry, 1984-1991,” American Journal of Sociology, 1996, 102, 3: 659-689.
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synthesis of multiple open systems perspectives in recent studies of biotechnology are
presented as works that exemplify this promise. Audiences surveying up-to-date open
systems literatures on the social organization of the biotechnology industry will begin
to see the ‘big picture’ of the field come into view.

Still, for all of their merits, and for all of the practical wisdom that they have
developed, open systems approaches have failed to capture fully the innovative
dimensions of commercial bioscience. While the biotechnology industry continues in
the present to comprise a locus of significant entrepreneurial activity, economists and
sociologists examining the field still pay only scant attention to entrepreneurs.”’ They
note, of course, that the story of commercial biotechnology is in important ways a
story of entrepreneurial actions, but entrepreneurial initiatives play no substantive role
in their explanatory models. Economic and sociological studies of innovation directed
specifically to the formation of new ventures rarely proceed beyond the correlation of
start-up rates or measures of firm productivity with various structural indicators or
explanatory variables.”” Works that explicitly link the historical origins of the field to

later developments do so by resorting to creation myths that conjure up abstract forces

°! The entrepreneurial activities of scientists and their partners are naturally topics of abiding interest for
those studying university-industry relations (see ch. 10 below). In this area, however, the primary
concern has been the implications of such doings for academic institutions, e.g., in the transfer of
technologies, the generation of revenues, the possible corruption of science, or the siphoning of public
knowledge by private interests. The nuts and bolts of entrepreneurial venturing are rarely examined.

%2 See, for example, Edward J. Delaney, “Technology Search and Firm Bounds in Biotechnology: New
Firms as Agents of Change,” Growth & Change, 1993, 24, 1: 206-228; Ray Oakey, Wendy Faulkner,
Sarah Cooper, and Vivien Walsh, New Firms in the Biotechnology Industry: Their Contribution to
Innovation and Growth, London: Pinter, 1990; Lynne G. Zucker, Michael R. Darby, and Marilynn B.
Brewer, “Intellectual Capital and the Birth of U.S. Biotechnology Enterprises,” Working Paper #4653,
National Bureau of Economic Research, Cambridge, MA, 1994; Lynne G. Zucker and Michael R.
Darby, “Individual Action and the Demand for Institutions,” American Behavioral Scientist, 1997, 40,
4: 502-513; cf. Edward J. Malecki, “What About People in High Technology? Some Research and
Policy Considerations,” Growth and Change, 1989, 20, 1: 67-79.
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at work in science and industry. They invoke as explanatory resources things like
‘technological discontinuities’ or what might be described as the Aristotelian
properties of capital that cause it to find its way unerringly to profit opportunities. In
principle, there is nothing wrong with employing these concepts. In practice,
however, they are often granted an ontological status that burdens them with more
explanatory weight than they can bear. The consequences for organizational studies
are apparent in recent investigations of the biotechnology business. Satisfied to lean
on received theoretical interpretations of the origins and innovative dynamics of
biotechnologies as formulated by Kenney and others pursuing similar projects,
economists and organizational sociologists have moved ahead in the study of an
entrepreneurial field without ever having examined in detail the phenomenon of
entrepreneurship within it.

Only lately have students of organizations begun to acknowledge the liabilities
of this analytical strategy. In editing and contributing to a recent collection of essays
and reports of research on Silicon Valley (as a site of high-tech innovation, including
biotechnological progress) Kenney himself adopts an approach in which entrepreneurs
are pushed a bit closer to the front and center of the stage. In a theoretical chapter, he
proposes, along with Urs Von Burg, that Silicon Valley is unique in its capacity to
generate recurring waves of technological innovation and wealth creation because it
features two distinct (although interrelated) economies.” The first is comprised of a

more or less conventional grouping of firms, suppliers, research institutions, and so

% See Kenney and Von Burg, “Institutions and Economies: Creating Silicon Valley,” pp. 218-240 in
Understanding Silicon Valley: The Anatomy of an Entrepreneurial Region, ed. Martin Kenney,
Stanford, CA: Stanford University Press, 2000.
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on. These organizations contribute material, technical, and human inputs to the design
and manufacture of innovative products and processes. The second economy is an
institutional infrastructure dedicated specifically to the formation and growth of new
firms. According to Kenney and Von Burg, the vitality of this second economy is
what sets Silicon Valley apart as a locus of technological and economic progress. The
fundamental “inputs” to this second economy, they say, are “entrepreneurs, their ideas,
and their efforts.” Here, the authors acknowledge that institutions, organizations,
and economies are animated by individuals, and that the origins of broad social
movements can, at least in the case of contemporary technological change, be traced to
the actions of particular persons. Their inclusion of a few suggestive anecdotes seems
implicitly to endorse the idea that the best explanations of contemporary high-tech
innovation are historical and biographical.” Nevertheless, Kenney and Von Burg
simultaneously imply that the careers and histories of individuals are mostly irrelevant
to explanations of technical and organizational change in Silicon Valley. They are
satisfied, apparently, to take the supply of entrepreneurs for granted as a feature of the
region’s institutional ecology: “[i]n this venue it is not necessary to dwell on the
various social or psychological dimensions of entrepreneurship; it 1s sufficient that

there be a constant flow of entrepreneurs.”

** Kenney and Von Burg, “Institutions and Economies: Creating Silicon Valley,” p. 219.

% In the introduction to the book, Kenney informs readers that his “only editing bias was to encourage
contributors to truncate long theoretical sections in favor of more empirical material.” In other words,
he preferred contributions to be longer on stories, shorter on abstractions. See “Introduction,” pp. 1-12
in Understanding Siticon Valley: The Anatomy of an Entrepreneurial Region, ed. Martin Kenney,
Stanford, CA: Stanford University Press, 2000, p. 2.
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In another essay from the same volume, Kenney and Richard Florida identify
the venture capital industry as a key component of the Valley’s innovation
infrastructure.”® To articulate the roles of venture capitalists in new firm formation,
the authors draw special attention to individual pioneers and other influential
personages. Without apology, for one chapter, at least, they grant theoretical priority
to individual actions and decisions, and, in so doing, they adopt a narrative approach
to explanation. Elsewhere, however, Kenney partially withdraws the credit that he and
Florida award to individual venture capitalists. With Von Burg, he says: “Despite our
emphasis on the socioeconomic institutions [including the venture capital business],
we recognize that this entire economy of institutions and organizations dedicated to
start-ups is possible only because the underlying electronics and biomedical

technologies are improving so quickly.”””

Here, science and technology are again
identified as the fundamental drivers of economic and organizational change.
Entrepreneurs and their friends and helpers merely take advantage of the opportunities
that science and technology generate. Kenney’s analytical distinction between science
and technology, on the one hand, and business and social life, on the other, may be
useful for certain purposes, but scientific and technological advances are not

independent (i.e., ‘extrasocial’) forces. Science and technology are collective

activities. They are social and cultural phenomena, and products of organized human

% Martin Kenney and Richard Florida, “Venture Capital in Silicon Valley: Fueling New Firm
Formation,” pp. 98-123 in Understanding Silicon Valley: The Anatomy of an Entrepreneurial Region,
ed. Martin Kenney, Stanford, CA: Stanford University Press, 2000.

?7 Kenney and Von Burg, “Institutions and Economies: Creating Silicon Valley,” p. 219.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



110

labor. And, in Silicon Valley and similar ‘entrepreneurial regions,””® technological
innovation and organizational engineering are often two sides of the same coin.
Scientists and technologists become entreprencurs and executives — this is a hallmark
of places like Silicon Valley — and sometimes they become venture capitalists or
business consultants as well.”” In the section that follows, I introduce an academic
literature that understands sciences and technologies as social institutions. This
approach cuts through the conceptual confusion that sometimes ensues when
theoretical writings on technological and organizational innovation invoke abstract
causes and effects.
HETEROGENEOUS ENGINEERS AND SELF-FULFILLING PROPHECIES
Reports on the biotechnology business framed in the lexica of the ‘open
systems’ approaches cited above make for fascinating reading. It’s hard to put them
down. For those sufficiently familiar with their proprietary rhetorical conventions, it
1s possible to discern within them many veridical statements on the character of
contemporary bioscientific practices in commercial settings. Nevertheless, in this
work, in order to craft a rather different interpretation of happenings in the formation

of San Diego’s biotechnology industry, I draw liberally from conceptual tools

% There is no denying the uniqueness of Silicon Valley or the problems attending efforts to reproduce
its successes in places with different histories, but there are other regions that resemble it in important
ways. San Diego’s ‘Biotech Beach’ is but one example. Clusters of high-tech innovation located in

Boston, Seattle, Washington, D.C., Austin, Texas, and North Carolina’s Research Triangle, are others.

% Venture capitalists, too, sometimes become executives — Genentech’s Robert Swanson was the
prototype. See Ralph T. King, Jr., “Genentech’s Robert Swanson, a Pioneer of Biotechnology, to Retire
As Chairman,” Wall Street Journal, December 13, 1996, B12. In addition, at Hybritech, at least, money
people and managers made substantive contributions to scientific operations through informed
participation in technical decision-making — not only in broad deliberations about research strategies,
but also in huddles around lab benches, where, for example, suggestions about experiments were made
and discussed. In biotechnology, ‘science’ and ‘business’ are hard to tell apart.
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developed in recent social studies of science and technology.'® In this field, the
generation and communication of knowledge, the invention and transmission of
scientific techniques and practices, and the design and diffusion of technological
artifacts have all been adopted as topics of inquiry. In close ethnographic and
historical detail, researchers have depicted the construction of technical systems and
bodies of scientific knowledge as cultural processes. Facts and artifacts, on this view,
are inextricably ‘embedded’ in social relations and practical traditions of knowing,
doing, and speaking in and about the material world. Here, technological progress
does not unfold according to any unilinear logic. Studies of tools and techniques in
this vein focus on how these things are designed, diffused, and applied always in
definite social and historical contexts. And the circumstances in which scientists and
technologists work are found to be rife with contingencies that shape bodies of
knowledge and the developmental paths of technical systems. As social processes
unfold, they open windows of opportunity for particular avenues of scientific and
technical advancement, while simultaneously closing others. The specific
configurations in which facts and artifacts appear concretely in particular times and

places reflect collective human interests and choices that gave rise to them.

1% For recent reviews and older intellectual histories of this field, see H.M. Collins, “The Sociology of
Scientific Knowledge: Studies of Contemporary Science,” Annual Review of Sociology, 1983, 9: 265-
2835; Sheila Jasanoff, et al., eds. Handbook of Science and Technology Studies, Thousand Oaks, CA:
Sage, 1995; David J. Hess, Science Studies: An Advanced Introduction, New York: New York
University Press, 1997; Michael Lynch, “The Demise of the ‘Old’ Sociology of Science,” ch. 2 in
Scientific Practice and Ordinary Action: Ethnomethodology and Social Studies of Science, Cambridge
University Press, 1993; Steven Shapin, “History of Science and Its Sociological Reconstructions,”
History of Science, 1982, 20: 157-211; “Here and Everywhere: Sociology of Scientific Knowledge,”
Annual Review of Sociology, 1995, 21: 289-321; Susan Leigh Star, “Introduction: The Sociology of
Science and Technology,” Social Problems, 1988, 35: 197-205.
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Technologies have social histories. As Bruno Latour puts it memorably: “technology
is society made durable.”'"!

From this perspective, Donald MacKenzie has suggested that trajectories of
technological innovation are usefully conceptualized as self-fulfilling prophecies.'*
“Persistent patterns of technological change,” he says, “are persistent in part because
technologists and others believe they will be persistent.”'” If people believe in a
technology, they will invest in it, dedicate resources to it, and work on it.
Technological progress, according to MacKenzie, is conventional in character. It
continues as long as people organize their activities in ways that will sustain it (unless,

104

of course, the material world proves unyielding).””" Working on technologies is a

"' Bruno Latour, “Technology is Society Made Durable,” pp. 103-131 in A Sociology of Monsters:
Essays on Power, Technology, and Domination, ed. John Law, London: Routledge, 1991.

'2 The original sociological discussion of this concept is found in Robert K. Merton, “The Self-
Fulfilling Prophecy,” in Social Theory and Social Structure, Glencoe, IL: Free Press of Glencoe, 1949.
Merton, however, referred to the false becoming accepted as truth, thus perpetuating “a reign of error.”

1% Donald MacKenzie, “Economic and Sociological Explanations of Technological Change,” ch. 3 in
Knowing Machines: Essays on Technical Change, Cambridge, MA: MIT Press, 1996, p. 56. The
qualifier “in part” is critical. With it, MacKenzie indicates simply that, in matters technological,
sometimes nature will not permit human beings to realize their plans.

1% MacKenzie contrasts his approach with evolutionary theories of innovation in economics, perhaps
for the marketing purpose of product differentiation, because evolutionary economics so closely
resembles his own view. Evolutionary economists find places in their accounts for social processes and
institutions, they subscribe to Herbert Simon’s notion of ‘bounded rationality,” and they draw, as do
sociologists of scientists, from Thomas Kuhn’s writings on the centrality of ‘paradigms’ in technical
practice. In order to capture the dynamism of technical and economic change, evolutionary theorists
focus attention on the historical path dependence of technological designs. Paul A. David and W. Brian
Arthur, for example, explain the course of technological change by locating calculations of economic
efficiency in the flow of history and events — the initial success of designs or systems (i.e., adoption in
the market) may lead to ‘increasing returns’ and ‘positive feedbacks’ to further investments, thus
‘locking in’ commitments to particular paths of development, and ‘locking out’ alternatives, even those
that may be technically superior. See Paul A. David, “Understanding the Economics of QWERTY: The
Necessity of History,” pp. 30-49 in Economic History and the Modem Economist, ed. William N.
Parker, Oxford: Basil Blackwell, 1986; W. Brian Arthur, “Competing Technologies, Increasing
Returns, and Lock-In by Historically Small Events,” Economic Journal, 1989, 99: 116-131; and
Increasing Returns and Path Dependence in the Economy, Ann Arbor, MI: University of Michigan
Press, 1994. Others have developed sociologically oriented variants of this argument. They emphasize
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distinctive form of collective activity, but no less social for all of its specialized trade
with material objects and processes. Technological innovation involves social
organization, the building of institutions. It requires not only the manipulation of
material things, but also the management of people and beliefs.'*

In very general terms, starting and running biotechnology companies, for
example, can be said, on this view, to consist in concerted and sustained attempts to
make biotechnical prophecies self-fulfilling. To conceptualize innovation in this
‘sociocultural’ way, Bruno Latour takes to inverting ordinary descriptions of technical
success. For example, he substitutes for this representation, “Once the machine works

people will be convinced,” a dictum that emphasizes the social dimensions of the

process, “The machine will work when all the relevant people are convinced.”'*® As

the social costs of realigning organizations and institutions in order to switch technological gears, and
specify roles for organizational structures and routines in leveraging the momentum of “technological
paradigms.” See, for example, Giovanni Dosi, Technical Change and Industrial Transformation, New
York: St. Martin’s Press, 1984; Richard Nelson and Sidney Winter, An Evolutionary Theory of
Economic Change, Cambridge, MA: Harvard University Press, 1982; and Patrick McGuire, Mark
Granovetter, and Michael Schwartz, “Thomas Edison and the Social Construction of the Early Electric
Industry in America,” pp. 213-246 in Explorations in Economic Sociology, ed. Richard Swedberg, New
York: Russell Sage Foundation, 1993. In evolutionary theorizing, however, MacKenzie still finds
troublesome residues of technological determinism and hypersociologism. See MacKenzie, Knowing
Machines, ch. 3.

19 See MacKenzie, “Economic and Sociological Explanations of Technological Change,” ch. 3 in
Knowing Machines. For related discussions, see Henk van den Belt and Arie Rip, “The Nelson-Winter-
Dosi Model and Synthetic Dye Chemistry,” pp. 135-158 in The Social Construction of Technological
Systems: New Directions in the History and Sociology of Technology, eds., Wiebe E. Bijker, Thomas
P. Hughes, and Trevor Pinch, Cambridge, MA: MIT Press; and David A. Hounshell, “Hughesian
History of Technology and Chandlerian Business History: Parallels, Departures, and Critics,” History
and Technology, 1995, 12: 205-224.

1% Bruno Latour, Science in Action: How to Follow Scientists and Engineers Through Society,
Cambridge, MA: Harvard University Press, 1987, p. 10. Latour’s inversion in this instance lacks a
caveat concerning the role of the natural world. To account for the material aspects of technologies,
Latour articulates an original metaphysics that rejects common sense appreciations of the relationships
between nature and society (and sociological theories that rely on them, as well). For the fullest
statement of this philosophy, see Bruno Latour, We Have Never Been Modern, trans. Catherine Porter,
Cambridge, MA: Harvard University Press, 1993. Proponents advertise the doctrine as ‘amodern.’
With this term, they suggest the following: unless people participating in modern Western culture read
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the rest of this study will show, this corresponds precisely to biotechnologists’
understandings of what they are doing. Industry watchers (and insiders) G. Steven
Burrill and Kenneth B. Lee, Jr. describe the typical life course of an entrepreneurial
biotech start-up in a way that confirms the interpretations of MacKenzie and Latour:

In the beginning, there is the “story” — the potential of biological

processes to develop products for human health.... Transforming that

story into beneficial, competitive products is a matter of building a

company that focuses R&D productively, manages clinical trials/field

tests and regulatory relations effectively, negotiates supportive

partnering and strategic relationships, and — always — maintains access

to capital.'”’

Attempts to transform stories of technological possibilities into practical
technological realities is what this study is about, and, in a very general sense, what
any sociological inquiry into technological innovation must be about. Success (or
failure) in hawking an unproven technology depends, at every juncture, on what
sociologist Erving Goffman called the arts of ‘impression management.”'*® If
technologists are to make progress, or pursue their work at all, they must enlist the
cooperation of others. In order to receive this aid, they have to generate and sustain

faith in their projects.'®

They have to sell their stories effectively. They have to
make them believable. Without securing the confidence of others, technologists and

their plans go nowhere. The first step in developing a new technology, then, involves

the new philosophy, they will not be able to understand fully the significance of things in the world
around them.

197 Steven G. Burrill and Kenneth B. Lee, Jr., Biotech ‘93: Accelerating Commercialization, An
Industry Annual Report, San Francisco, CA: Ernst & Young LLP, 1992, p. 3.

108 Erving Goffman, The Presentation of Self in Everyday Life, New York: Anchor Books, 1959.

19 For the views of an industry stock analyst on this point, see Richard A. Bock, “The Importance of
‘Hype,”” Biotechnology, 1986, 4: 865-867.
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establishing the credibility of one’s story. All subsequent steps involve maintaining it.
Steven Shapin has argued that in social studies of science and technology: “credibility
should not be referred to as a ‘fundamental’ or ‘central’ topic — from a pertinent point
of view it is the only topic.”''® Shapin is not speaking solely of judgments about facts
or technologies, however. He proposes that “knowing about things” always entails
“knowing about people.”’!! Belief in an untried technology can rest at last only on
faith and trust in the persons who speak for it. Cole Owen, a consultant in the
biotechnology industry warns entrepreneurs that even if a technology to be developed
appears from every indication to be a good one, “you probably can’t prove that it will
work.”"'? For this reason, when evaluating plans for a biotech start-up, seasoned
investors begin by evaluating, not reports of scientific facts (the veracity or
implications of which they are unlikely to be in a position to judge independently), but
rather the people involved.'"”

Bioentrepreneurs commonly set out on their undertakings by soliciting
financial support, usually from venture capitalists. In this, they are obliged, if they are
to be funded, to make their stories, their business plans, ‘look right’ on paper, on

projection screens, or, as legend often has it, on restaurant napkins, or on the backs of

1% Steven Shapin, “Cordelia’s Love: Credibility and the Social Studies of Science,” Perspectives on
Science, 1995, 3, 3: 255-275; quote on p, 257-258. Shapin refers here specifically to scientific
knowledge, but the statement applies just as surely to technological development.

""" Steven Shapin, A Social History of Truth: Civility and Science in Seventeenth-Century England,
Chicago: University of Chicago Press, 1994, ch. 6.

2 Cole Owen, “How to Start and Manage a High Tech Company,” Owen & Associates, Inc., Del Mar,
California, 1 April 1996.

B Drew Senyet, “Venture Financing,” Enterprise Partners, La Jolla, CA, May 1996.
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matchbook covers. The kinds of things that have to look right are budgets, financial
projections, organizational charts, experimental results, scientific credentials, research
schedules, and various other sorts of facts and figures. These things indicate to
investors, not so much what is the case in the world, for they are often descriptions of
some imagined future, but rather what an individual or group knows about what they
are trying to do, what competencies they possess, and what they may be able to
accomplish. According to Coopers & Lybrand, L.L.P., a leading business consulting
firm, the “three keys” to obtaining venture capital are 1) understanding the process [of
venture investing]; 2) writing the business plan [in a way that persuades the reader that
the plan is ‘doable’]; and 3) preparing the financials [which indicate conceptions of the
market for the proposed technology or product].!'* Entrepreneurs are urged here to
concern themselves with social knowledge, with understandings of what venture
capitalists are about, what they typically look for in prospective investments, and what
they are likely to consider plausible, realistic proposals or market analyses. They are
also advised to present themselves as people who know about such things, and to
recognize that personal reputation and character are the vehicles that transport
technologies from the imagination to the market. Formulating plans and financial
projections that conform to this social knowledge is “the best way to demonstrate the
viability and growth potential of the business.” This is so because it showcases “the

entrepreneur’s knowledge of what is needed to meet the company’s objectives. The

"% Coopers & Lybrand, LLP, “Three Keys to Obtaining Venture Capital,” 1996.
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first reading of a plan is the venture capitalist’s initial opportunity to evaluate the
individuals who will manage the business.”'"”

This is how it begins. But, as Burrill and Lee point out, maintaining the
credibility of biotechnologies requires the building of companies and ‘doing things
right.” This is accomplished by assembling organizations and staffing them with the
‘right’ people, by recruiting those who possess the requisite knowledge, experience,
skills, qualifications, credentials, or reputations. Within such organizations, R&D
operations have to be coordinated effectively (or researchers and developers must be
allowed to coordinate themselves in productive ways). When a company is young, it
sustains belief in its technologies by showing evidence of progress, by reaching
technical milestones, making experiments work, delivering positive results in clinical
trials, attracting capital in successive rounds of funding, or signing on corporate
partners. Accomplishments and deals of this kind serve to ‘validate’ the technology.
At later stages, successfully setting up manufacturing operations, marketing programs,
or a sales force may serve to indicate that a payoff is approaching. All of these things
demonstrate the continuing promise of a technology in development and,
simultaneously, the efficacy of the organization developing it. Along the way,
bioentrepreneurs must carefully protect the reputations of their firms and actively
promote the projects in which they are engaged. Investors, stock market analysts,
scientific collaborators, the FDA, and many others must be continually reassured that

companies and their projects remain good bets.

% Coopers & Lybrand, LLP, “Three Keys to Obtaining Venture Capital,” p- 1
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Citing the compulsory organizational and political work that must be done in
order to pave the way for technical advances, John Law refers to technologists as
“heterogeneous engineers.”''® Technologists integrate both social and technical
knowledge into their practices, and they are obliged at every turn to align their
technical projects with social interests and the realities of established social
arrangements. As MacKenzie notes, there is a sense in which this conceptualization is
banal.'"” It certainly isn’t news to life science entrepreneurs who must worry, not only
about getting experiments to work, but also about getting experimenters to work
together, about chasing dollars, maintaining the optimism and satisfaction of investors,
monitoring and competing in the marketplace, cultivating relationships with suppliers,
collaborators, and corporate partners, complying with government bureaucracies that
impose constraints of various sorts, protecting intellectual properties in the courts,
dealing with organizational and personnel problems, encouraging positive public
perceptions of biotechnologies, and a host of other issues that some might consider
‘non-technical.” Biotechnologists understand the ‘embeddedness’ of technical work in
social processes. They know well, for example, that the conduct and interpretation of
experiments and clinical trials are shaped at a fundamental level by expressions of
political will in the formulation of FDA standards for determining whether or not a
candidate drug is safe and effective. This social fact is a source of endless concern for

the scientists, regulatory affairs officers, and chief executives of biotechnology

"% John Law, “On the Social Explanation of Technological Change: The Case of Portuguese Maritime
Expansion,” Technology & Culture, 1987, 28: 227-252.

"7 Donald MacKenzie, “Introduction,” ch. 1 in Knowing Machines, p. 13.
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companies. The upshot is this: the solving of technical problems always involves the
solving of social and organizational problems.'"® The concept of ‘heterogeneous
engineering’ is banal to the extent that biotechnologists themselves recognize that their
tasks are at once technical and social. Nevertheless, this way of characterizing actors
in technological settings is a sound one, and, in this study, scientific entrepreneurs are
aptly described as ‘heterogeneous engineers.” And the social elements of the
challenges that these persons take on can be as daunting as the complexities of the
‘purely’ technical problems that they confront.

Cultivating faith in a biotechnology is a massive undertaking. According to
recent estimates, the process of drug discovery, development, and testing, the obstacle
course that leads a new compound or treatment from the laboratory to the pharmacy
takes on average 12 years and costs somewhere in the neighborhood of $350 million
for a single therapeutic product.'"” Obviously, if bioentrepreneurs are to realize their
plans, they are required to solicit a staggering measure of good will, and to beg
patience over extended periods as they attempt to prove that they and their
organizations can, in fact, do what they say they can. Biotechnology companies burn

through millions of dollars a year and the large majority have no product revenues to

"'® Here, I paraphrase, and transpose to the domain of technology, Shapin and Schaffer’s view on the
advancement of scientific knowledge: “Solutions to the problem of knowledge are solutions to the
problem of social order.” See Steven Shapin and Simon Schaffer, Leviathan and the Air Pump:
Hobbes, Boyle, and the Experimental Life, Princeton, NJ: Princeton University Press, 1985, p. 332.

"9.S. Congress, Office of Technology Assessment, Pharmaceutical R&D: Costs, Risks, and Rewards,
Washington, D.C.: Government Printing Office, 1993.
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show for it."*® And investors are not the only persons who receive promissory notes.
David Hale, a biotech CEO remarks: “People don’t realize the tremendous amount of
energy it takes to build a business. You tell your kids and friends, ‘I’ll see you in a

1
few years.”’12

Some observers wonder whether biotechnologies have warranted the
enormous expenditures of time and money that have been devoted to their
development. Robert Teitelman, for example, has referred to the surge of investment
enjoyed by the biotech industry in the early 1980s as “biomania.”'** Citing the
difficulties that fledgling companies have confronted in managing the process of
pharmaceutical product development, Teitelman concludes that the emergence of
commercial biotechnology has consisted mostly in greedy professors and venture
capitalists taking Wall Street and the public for a premature ride. Because
biotechnologies have not enabled rascal start-ups to restructure the ethical drug
industry by displacing the huge, well-entrenched pharmaceutical houses that dominate
it, he considers commercial biotechnology a “failed revolution.”'® Whether this view
is sober, sour, or something else is difficult to judge. Certainly, early expectations for

progress in the field were overly optimistic. Still, Teitelman presents a somewhat

distorted view of science and technology. He assumes that if biotechnologies had

12011 1995, the net loss of the average biotechnology company was $726,000 per month. Kenneth B.
Lee, Jr., and G. Steven Burrill, Biotech ‘96: Pursuing Sustainability, Palo Alto, CA: Ernst & Young,
LLP, 1995, p. 15.

121 Tom Gorman, “The Faces Behind Biotech,” Los Angeles Times, 27 May 1991, B6.

122 Robert Teitelman, Gene Dreams: Academia, Wall Street and the Rise of Biotechnology, New York:
Basic Books, 1989.

123 Robert Teitelman, Profits of Science: The American Marriage of Business and Technology, New
York: Basic Books, 1994, ch. 19.
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really been all that they were cracked up to be, they could somehow have spoken for
themselves and, like magnets, attracted appropriate capital investments with no need
for marketing or ‘hype.” But no unproven science or technology can advance if people
don’t believe in it, and no method of forecasting or calculation can obviate the need
for champions and leaps of faith."** In any case, the fact that biotechnology
companies have been slow to deliver the technical goods makes their social
accomplishments all the more astonishing.

This phenomenon can be read as an invitation to social scientists to investigate
the practical social and organizational efforts that biotechnologists have engaged in
order to generate and sustain belief in what they do, despite the high costs and
lethargic returns that all watching the field now admit have been disappointing. For
all the excitement, concern, loyalty, and skepticism that have been inspired or aroused
by new ventures in this field, however, surprisingly little has been written about the
substance of scientific entrepreneurship. The empirical goal of this work is to
document the ways in which biotechnologists have told credible stories and built
organizations in San Diego in order to accomplish their entrepreneurial ends and make
biotechnical prophecies self-fulfilling. It focuses on the practical work undertaken by
these individuals as they founded new firms and established research and development
operations within them. The role of ‘bioscience entrepreneur’ in the life sciences and

the pharmaceutical industry is a relatively new one, just over twenty-five years old,

213

124 For arguments, see Richard A. Bock, “The Importance of ‘Hype,’” Bio/Technology, 1986, 4: 865-
867; Bruno Latour, Aramis, or The Love of Technology, trans. Catherine Porter, Cambridge, MA:
Harvard University Press, 1996; Modesto A. Maidique, “Entrepreneurs, Champions, and Technological
Innovation,” Sloan Management Review, 1980, Winter: 59-76; and Donald Schén, “Champions for
Radical New Inventions,” Harvard Business Review, 1963, 41: 77-86.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



122

and it continues to evolve. Examining the activities and obligations that this social
role encompasses and interpreting it as a form of ‘heterogenous engineering’ can shed
light on the sociological dimensions of the biotechnology phenomenon.
THE CIRCULATION AND CONCENTRATION OF KNOWLEDGE AND
SKILL

Social studies of science and technology provide additional conceptual
resources that can be applied to this end. Empirical inquiries in this area attend to the
concrete, contextual aspects of scientific and technological practice. Stressing the
local and the particular, researchers in this field investigate the ways in which tools are
fashioned and facts are generated by particular actors in specific times and places, and,
naturally, they have favored ethnographic and historical methods. They have taken up
the empirical task of describing the ways in which people construct and employ
scientific and technical methods in the course of ordinary practical activity. The aim
is a ‘microsociological’ understanding of how scientific practices and routines are
interactively shaped, and how uses of instruments and interpretations of technical
standards are adapted to solve problems in various settings and circumstances. In the
past twenty-five years, numerous case studies conducted for this purpose have yielded
unique ‘naturalistic’ appreciations of science and technology as cultural forms. These
inquiries have addressed a broad range of topics, but of special significance for this
study are two: the nature of technical skill, and the processes by which such know-
how is transferred and diffused.

By devoting attention to the mundane, routine aspects of experiment and

laboratory life — the handling of materials, the construction and use of instruments, the
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interpretation of data, the writing up of findings, and so on — ethnographic
investigations of scientific and technological work have revealed messy, uncertain
processes of trial and error that hardly resemble the straightforward application of
rationalized methods and procedures. The work of Harry Collins has been particularly
influential in this regard.'® His reports depict scientific and technical sense-making,
the transmission of scientific and technical skills, and the production and
communication of new knowledge and capabilities as context-specific activities that
depend crucially on processes of enculturation — teaching by ostension and learning by
doing. The technical know-how required to construct instruments, to generate
replicable experimental data, and to establish matters of fact is said to reside in

‘embodied’ tacit understandings.'*°

These understandings defy comprehensive
formalization. Scientific and technological competence, so these studies suggest, is

expressed in artful craftwork characterized by peculiar abilities — a singular sense of

judgment, an inarticulable ‘feel’ for a phenomenon or a technique, or a knack for

1% See, for example, H.M. Collins, Changing Order: Replication and Induction in Scientific Practice,
Chicago: University of Chicago Press, 1992 [1985]. Collins’ interpretive mode of sociological inquiry
was influenced significantly by Peter Winch’s neo-Weberian philosophy of social science. See Peter
Winch, The Idea of a Social Science and Its Relation to Philosophy, Atlantic Highlands, NJ:
Humanities Press, 1990 [1958]. Collins’ view of tacit know-how as a fundamental element of
experimental practice draws substantially on Michael Polanyi’s articulation of the concept. See
Michael Polanyi, Personal Knowledge: Towards a Post-Critical Philosophy, Chicago: University of
Chicago Press, 1958. Collins’ early empirical works were groundbreaking first steps in a broad trend in
science studies toward the ethnographic study of experiment and laboratory practice. For examples, see
Bruno Latour and Steve Woolgar, Laboratory Life: The Construction of Scientific Facts, Princeton, NJ:
Princeton University Press, 1986 [1979]; Karin Knorr-Cetina, The Manufacture of Knowledge: An
Essay on the Constructivist and Contextual Nature of Science, Oxford: Pergamon, 1981; and Michael
Lynch, Art and Artifact in Laboratory Science: A Study of Shop Talk and Shop Work in a Research
Laboratory, London: Routledge & Kegan Paul, 1985.

126 4 M. Collins, “The TEA Set: Tacit Knowledge and Scientific Networks,” Science Studies, 1974, 4:
165-186; “The Seven Sexes: A Study in the Sociology of a Phenomenon, or Replication of an
Experiment in Physics,” Sociology, 1975, 9: 205-224; and “The Son of Seven Sexes: The Social
Destruction of a Physical Phenomenon,” Social Studies of Science, 1981, 11: 131-158.
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getting experiments to work."?’ These skills are not rule-bound. They cannot be
systematized. They can be acquired only through practical experience and personal
interaction with others who can show the way. The social foundations that support the
production of new knowledge in scientific and technological fields are located in
private networks of exchange — elite “core sets” that maintain essential cognitive and
social resources within their restricted circles.'® As well as providing empirical
illustrations of how the sciences work and progress in particular instances, these
findings also make a more general point: they demonstrate that full understandings of
invention, innovation, and technology transfer can be obtained only by examining
concrete, situated interactions and relations among particular individuals and groups
engaged in these activities.

Now that laboratory ethnographers have established that science-in-the-making
is coextensive with society-in-the-making, and that technical know-how is inescapably
situated and context-bound,'® a pressing concern for researchers in this field is to
account for the ways in which knowledges and technologies ‘travel,’ i.e., how they

come to be widely accepted and utilized beyond the local contexts in which they are

17 Scientists themselves often talk about their work in these terms. Molecular biologist Barbara
McClintock, for example, famously described the substance and end of her research as “a feeling for the

organism.” See Evelyn Fox Keller, A Feeling for the Organism: The Life and Work of Barbara
McClintlock, San Francisco, CA: W.H. Freeman, 1983.

'28 H M. Collins, “The Role of the Core-Set in Modern Science: Social Contingency with
Methodological Propriety in Science,” History of Science, 1981, 19: 6-19; G.D.L. Travis and H.M.
Collins, “New Light on Old Boys: Cognitive and Institutional Particularism in the Peer Review
System,” Science, Technology & Human Values, 1991, 16: 322-341.

'2 See Adi Ophir and Steven Shapin, “The Place of Knowledge: A Methodological Survey,” Science in
Context, 1991, 4: 3-21.
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generated.*® Consequently, the topics of communication among scientists and the
transmission of experimental techniques and practices have received increasing
attention from sociologists of science and technology. The objective is to account for
the massive success that the sciences have enjoyed as social institutions, and as forces
that continue to transform the modern world — without assuming that the practical
merits and applications of scientific knowledge, techniques, or products are self-
evident to those who might be persuaded to adopt them. In response to this problem,
researchers have interpreted the advance of scientific facts and artifacts as the
extension of social networks in which scientific values, practices, and forms of action
become established.””’ Diffusions of knowledge, tools and techniques are said to
reflect outcomes of social interactions within dense webs of communication and
exchange. They are shaped, and facilitated or impeded by competition and the

132

concentration of power, " the negotiation and coordination of meanings, definitions of

situations, and practical agendas,"’ and teaching and learning done by particular

130 Steven Shapin, “Here and Everywhere: Sociology of Scientific Knowledge,” Annual Review of
Sociology, 1995, 21: 289-321; p. 304-309.

3! Michel Callon, John Law, and Arie Rip, eds., Mapping the Dynamics of Science and Technology:
Sociology of Science in the Real World, London: Macmillan, 1986; Bruno Latour, Science in Action:
How to Follow Scientists and Engineers Through Society, Cambridge, MA: Harvard University Press,
1987; “Give Me a Laboratory and I Will Raise the World,” pp. 141-170 in Science Observed:
Perspectives on the Social Study of Science, eds., Michael Mulkay and Karin Knorr-Cetina, London:
Sage, 1982; Joseph O’Connell, “Metrology: The Creation of Universality by the Circulation of
Particulars,” Social Studies of Science, 1993, 23: 129-173.

32 Bruno Latour, The Pasteurization of France, trans. Alan Sheridan and John Law, Cambridge, MA:
Harvard University Press, 1988.

133 Wiebe E. Bijker, Of Bicycles, Bakelites, and Bulbs: Toward a Theory of Sociotechnical Change,
Cambridge, MA: MIT Press, 1997; Adele E. Clarke and Elihu Gerson, “Symbolic Interactionism in
Social Studies of Science,” pp. 179-214 in Symbolic Interaction and Cultural Studies, ed. Howard S.
Becker and Michael M. McCall, Chicago: University of Chicago Press, 1990; Joan H. Fujimura,
“Crafting Science: Standardized Packages, Boundary Objects, and ‘Translation,”” pp. 168-214 in
Science as Practice and Culture, ed., Andrew Pickering, Chicago: University of Chicago Press, 1992.
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persons in face-to-face contact."* In general terms, the conventional wisdom in the
field now holds that sciences and technologies succeed where they can be assimilated
in local cultures and employed to solve practical problems of social and technical
order in these settings. On this pragmatic view, the diffusion of scientific and
technical practices depends largely on negotiations of interest, meaning, and value
among individuals and groups.
GEOGRAPHY AND ENTREPRENEURSHIP

This general approach is well suited for investigating entrepreneurship and
innovation in the biotechnology industry, and it need not be restricted to narrowly
scientific or technical aspects of these phenomena. It is applicable to any form of
knowledge or action, and to all of the disparate varieties of expertise that biotech
companies utilize. Growth in high-tech, post-industrial economic sectors depends
crucially on the drawing together of information, knowledge, and skill (in matters
technical, organizational, political, and so on). Much of the work done by high-tech
entrepreneurs is devoted to the acquisition and coordination of these resources. In
order to innovate and remain competitive, entrepreneurial high-tech ventures must
secure access to and effectively organize many different forms of specialized
scientific, technical, financial, legal, managerial, and operational know-how. Recent

social studies of science and technology provide ethnographic and historiographic

134 Alberto Cambrosio and Peter Keating, Exquisite Specificity: The Monoclonal Antibody Revolution,
New York: Oxford University Press, 1995, ch. 2-3; H.M. Collins, “The Scientist in the Network: A
Sociological Resolution of the Problem of Inductive Inference,” ch. 6 in Changing Order: Replication
and Induction in Scientific Practice, Chicago: University of Chicago Press, 1992 [1985].
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exemplars for rendering sociologically the substance of this kind of activity.'*> The
emergence in San Diego of a ‘local biotechnology-generation complex’ can be
understood as the creation, maintenance, and extension of social relationships through
which, and in which, knowledge, the lifeblood of the industry, is diffused and applied.
The technological and organizational innovations that have characterized the
formation of this entrepreneurial milieu can be attributed to the actions of individuals
working together, distributing, recombining, and utilizing critical resources in the
course of establishing and maintaining localized networks of communication and
exchange.'®

The theoretical approach outlined above permits the incorporation of both time
and place into causal sociological accounts, making them concrete. Recent social
studies of scientific knowledge have stressed the analytic centrality of location and
process in examinations of material scientific practices. So far, however, most
research on the commercialization of biological knowledge in this field has focused
more or less narrowly on the laboratory, or on regulatory governance processes; few

137

researchers in this area have ventured into corporate boardrooms. ”’ The phenomenon

135 For a similar analysis offered by students of business, management, and organizations, see John
Seely Brown and Paul Duguid, The Social Life of Information, Boston, MA: Harvard Business School
Press, 2000. Using examples involving the incorporation of electronics, computer networking, and
telecommunications into organizational life, Brown and Duguid describe how knowledge is dispersed,
and innovation thereby facilitated, within “communities of practice.”

136 The localization is social and not necessarily geographic.

37 The works of anthropologist Paul Rabinow are notable exceptions. See Making PCR: A Story of
Biotechnology, Chicago: University of Chicago Press, 1996; French DNA: Trouble in Purgatory,
Chicago: University of Chicago Press, 1999; and Paul Rabinow and Talia Dan-Cohen, A Machine to
Make a Future: Biotech Chronicles, Princeton, NJ: Princeton University Press, 2004. Of course, access
to such sites is often a problem for social researchers ‘studying up,’ i.e., investigating the activities of
those with greater social status.
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of scientific entrepreneurship, as a result, has not been subjected to much close
scrutiny. The same is generally true in other fields of research that concern
themselves with technological innovation. Economic geographers, for example, have
mapped industrial and technological development activities onto topographic and
social landscapes, but they have devoted little ethnographic attention to the face-to-
face interactions and decision-making processes in which contingent courses of
technological innovation, organizational change, and economic growth are shaped.'®
The geographers have lately produced rich literatures that examine the social
and economic dynamics of science parks, high-tech ‘incubators,” ‘technopoles,’ and
‘technoregions’ from a variety of modern and postmodern theoretical perspectives.
Some identify and chart the social and geographic boundaries of economic factors,
institutional structures, and other ‘ingredients’ that contribute to regional

innovation.'*®

Many attempt to account for ‘R&D spillovers’ (non-market knowledge
transactions) and spatial concentrations or ‘agglomerations’ of resources by tracking

information flows across institutions, organizations, and physical distances.'”® Others

18 Many economic geographers stress the importance of technical knowledge to industrial innovation,
and they discuss its tacit, embodied character. Still, they rarely provide substantive descriptions of the
ways in which this knowledge is cultivated and transmitted.

"% Paul A. David and Joshua Rosenbloom, “Marshallian Factor Market Externalities and the Dynamics
of Industrial Location,” Journal of Urban Economics, 1990, 28: 349-370; Maryann P. Feldman, The
Geography of Innovation, Boston: Kluwer Academic Press, 1994; Amy K. Glasmeier, “Factors
Governing the Development of High-Tech Industry Agglomerations: A Tale of Three Cities,” Regional
Studies, 1988, 22: 287-301; Ann R. Markusen, Peter G. Hall, and Amy K. Glasmeier, High Tech
America: The What, How, Where, and Why of the Sunrise Industries, Boston: Allen & Unwin, 1986;
C.S.P. Mongk, et al., Science Parks and the Growth of High Technology Firms, London: Croom Helm,
1988.

' David B. Audretsch and Paula E. Stephan, “Company-Scientist Locational Links: The Case of
Biotechnology,” American Economic Review, 1996, 86: 641-652; Zvi Griliches, “The Search for R&D
Spillovers,” Scandinavian Journal of Economics, 1992, 94 (suppl.): 29-47; Walter W. Powell, Kenneth
W. Koput, James I. Bowie, and Laurel Smith-Doerr, “The Spatial Clustering of Science and Capital:
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are attentive to the global character and impact of regional development, and to the
compression of distances and event durations in post-industrial knowledge and
information economies. Studies of this kind treat localized processes of high-tech
innovation within broader historical processes, charting the accumulation and
dispersion of capital, labor, and materials across vast stretches of time and space.
They seek to interpret or explain, in a number of different ways, how complex,
interrelated economic and social logics have given rise, following global
transformations in post-World War II structures of competition, to industrial
expansion and decline in particular regions, and forms of post-industrial revitalization
in others.'"!

However, while economic geographers have addressed the spatial and
temporal dimensions of high-tech innovation, their explanations are typically framed

at high levels of abstraction. They remain descriptively thin, and generally exclude

Accounting for Biotech Firm-Venture Capital Relationships,” Regional Studies 2002, 36, 3: 291-305;
Lynne G. Zucker, Michael R. Darby, and Jeff Armstrong, “Intellectual Capital and the Firm: The
Technology of Geographically Localized Knowledge Spillovers,” Working Paper No. 4946,
Cambridge, MA: National Bureau of Economic Research, 1994. Studies of this kind attempt to
establish paper trails that indicate formal and informal information sourcing. The typical measures on
which inferences are based include formal commercial affiliations of university-based scientists and
patterns of authorship and citation in patents and scientific publications. On the use of patents, see Zvi
Griliches, “Patent Statistics as Economic Indicators,” Journal of Economic Literature, 1990, 28: 1661-
1707; Adam Jaffe, Manual Trajtenberg, and Rebecca Henderson, “Geographic Localization of
Knowledge Spillovers as Evidenced by Patent Citations,” Quarterly Journal of Economics, 1993, 108:
577-598; cf. Ajay Agrawal and Rebecca Henderson, “Putting Patents in Context: Exploring Knowledge
Transfer from MIT,” Management Science, 2002, 48, 1: 44-60; Joan O.C. Hamilton, “Commentary:
Measuring Biotech by Patents is Patently Absurd,” Business Week, 1996, April 22: 47.

'*! See, for example, Manuel Castells, ed., High-Technology, Space, and Society, Beverly Hills, CA:
Sage, 1985; Peter G. Hall and Ann R. Markusen, eds., Silicon Landscapes, Boston: Allen & Unwin,
1986; Frank Moulaert and Allen J. Scott, Cities, Enterprises, and Society on the Eve of the 21st
Century, London: Pinter, 1997; Allen J. Scott, New Industrial Spaces: Flexible Production,
Organization, and Regional Development in North America and Western Europe, London: Pion, 1988;
Michael Storper and Allen J. Scott, eds., Pathways to Industrialization and Regional Development,
London: Routledge, 1992.
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the points of view of actors involved in processes of high-tech industrial development.
The causal significance of ‘micro-level” interactions is largely discounted.'”* In this
study, I assume that knowledge of situated social actions at specific historical
moments is critical when the topic of inquiry is a process as complex, dynamic, and
uncertain as the emergence in real time of an industry characterized by high
technologies and new organizational forms. In addition, economic geographers have
largely ignored the grounded meanings of things in high-tech settings. The meanings
to which they attend are typically those associated with positions in theoretical and
ideological debates. In this study, I assume that gaining familiarity with the in situ
meanings of high-tech activities, relationships, and objects is indispensable for
understanding the ways in which things like incubators, technopoles, fresh markets,
and novel organizational forms take shape in the world.

Business scholars Howard E. Aldrich and C. Marlene Fiol maintain that the
creation of meaning is a central feature of industrial and organizational innovation.
They advise researchers investigating this phenomenon to pay special attention to the
ways in which entrepreneurs attempt to establish and maintain cognitive and
sociopolitical legitimacy for their projects. Aldrich and Fiol assert that “the social
construction of organizational reality involved in building a new industry requires
meaning making on a grand scale.”’*® Economic geographers often overlook what

processes of high-tech development mean to high-tech people, and they often attach to

' There are rare exceptions. See, for example, Edward J. Malecki, “What About People in High

Technology? Some Research and Policy Considerations,” Growth and Change 1989, (Winter): 67-79.

3 Howard E. Aldrich and C. Marlene Fiol, “Fools Rush In? The Institutional Context of Industry
Creation,” Academy of Management Review, 1994, 19: 645-670; p. 666.
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these processes alternative theoretical meanings that actors themselves do not
recognize. This 1s fine. Their works represent interpretations from legitimate points
of view, but there is a price to be paid for discounting what people think and say about
what they are doing. When abstract models of action are substituted for actual beliefs,
motives, or justifications, the complexities of the social process are lost, and there is a
tendency to treat departures from conventional patterns of action as instances of
deviance or, as is common in economic geography, of capital tugging people along in
its wake.'**

The analytic strategy laid out in the previous section is designed to be attentive
to situated actions and contextual meanings, and to treat them as fundamental to the
geographic travel and clustering of knowledge, materials, and people in time and
space. In this way, it is reminiscent of Chicago School sociology, and in particular,
Robert Park’s ecological community studies. The tradition established by Park and his
students and colleagues at Chicago fell long ago by the disciplinary wayside, but, as
Andrew Abbott has argued, the time may be ripe for reviving it.'*> Although the
technopoles of Southern California and other centers of ‘flexible accumulation” and
‘time-space compression’ may seem light years way from the old neighborhoods and
ethnic enclaves of the Windy City, for students of the post-industrial knowledge

society, the theoretical and methodological foundations of the Chicago school

1% Entrepreneurial innovations are sometimes characterized as deviant because they represent
disruptions in established orders. Such characterizations rest, at bottom, on the foundations of an
essentialist social philosophy in which objective rules necessarily precede and always account for
appearances of social order and instances of normatively sanctioned behavior.

143 Andrew Abbott, “Of Time and Space: The Contemporary Relevance of the Chicago School,” Social
Forces, 1997, 75, 4: 1149-1182; see also, David R. Maines, “Narrative’s Moment and Sociology’s
Phenomena: Toward a Narrative Sociology,” Sociological Quarterly, 1993, 34, 1: 17-38.
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comprise a viable sociological model for addressing questions of geography and
culture in high-tech development.'*®

In developing the Chicago school approach, Park drew substantially from the
social theory of his teacher, Georg Simmel. Simmel’s thinking has been described as
“speculations on a social geometry, on the importance of distance and position within
social space.”’*’ Simmel maintained that the formal measurement and analysis of
social geographies was distinct and separable from social philosophy, the province of
subjectivity and meaning,'*® but Park combined them, always noting the fundamental
interrelatedness of social geometries and the collective ‘definitions of situations’ that
coalesce within them.'* Park wrote social histories of communities and institutions

that emphasized the importance of physical location in processes of communication,

the creation and maintenance of group solidarity, and organizational form and change.

146 Robert E. Park, Human Communities: The City and Human Ecology. The Collected Papers of
Robert Ezra Park, Vol. I, eds. Everett C. Hughes, Charles S. Johnson, Kitsuichi Masuoka, Robert
Redfield, and Louis Werth. Glencoe, IL: The Free Press, 1952.

147 Fred H. Matthews, Quest for an American Sociology: Robert E. Park and the Chicago School,
Montreal: McGill-Queens University Press, 1977, p. 41.

¥ See Georg Simmel, Conflict & The Web of Group-Affiliations, trans. Kurt H. Wolff and Reinhard
Bendix, New York: The Free Press, 1955. Recent sociological works that conceptualize and represent
organizations, interlocking directorates, and cross-institutional communications and collaborations as
networks are basically Simmelian, although participants in the field rarely invoke Simmel as a
theoretical progenitor. They are accustomed to portraying social network mapping as, instead, a novel
convergence of sociology with contemporary streams of thought in mathematics and physics on
complexity and the emergent properties of various kind of phenomena. See, for example, Philip Ball,
Critical Mass: How One Thing Leads to Another, Farrar, Straus, and Giroux, 2004; Duncan J. Watts,
Small Worlds: The Dynamics of Networks between Order and Randomness, Princeton: Princeton
University Press, 1999; Duncan J. Watts, Six Degrees: The Science of a Connected Age, New York:
W.W. Norton & Company, 2003.

'* See Robert E. Park, “The Concept of Position in Sociology,” Publications of the American
Sociological Society, 1926, 20: 1-14. W.1. Thomas’ famous dictum “If men define situations as real,
they are real in their consequences” appears in W.1. Thomas and Dorothy Swaine Thomas, The Child in
America: Behavior Problems and Programs, New York: Knopf, 1928; p. 572.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



133

This dissertation can be construed as a similar kind of analysis, an inquiry into the
sociocultural processes that have given places called Torrey Pines Mesa and the
Sorrento Valley their contemporary meanings for residents of San Diego. These are
the precincts of the city that surround the Scripps Research Institute, the Salk Institute
of Biological Studies, and the University of California, San Diego. They are also the
locales in which the city’s new biotechnology companies have taken up residence. To
follow individual careers in this place is to track the formation of an entrepreneurial
culture, a social space in which people develop and disseminate the know-how
required to make technological and organizational innovations. This ‘methodology’
affords opportunities for developing rich understandings of bioscientific

entrepreneurship.
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IIl. THEORIES OF ENTREPRENEURSHIP

‘Know thyself’ is a good saying, but not in all situations. In many, it is

better to say ‘Know others.’

Menander

A CONFOUNDING TOPIC

Entrepreneurship has always confounded academic analysts. In an attempt to
formulate a broadly acceptable definition of the phenomenon, sociologist Brigitte
Berger calls it “an innovative and value-adding economic activity.”' Beyond vague
statements of this kind, which are unobjectionable, there is little agreement among
social scientists about how entrepreneurship is properly identified, described,
classified, or explained. Students of commercial and industrial innovation have
drafted many different theories to account for the phenomenon. Most are
generalizing. They are formulated in order to clarify the boundaries of
entrepreneurship as a concept and a category. They attempt to specify common
exemplifying features found across the entire range of activities conventionally
classed as entrepreneurial, and so provide criteria for distinguishing entrepreneurial
acts from other kinds. Unfortunately, there is little conceptual unity among these
interpretations. Many of them incorporate assumptions and claims that contradict the
rudimentary principles of others.

Because there is no consensus among social scientists regarding how properly

to understand entrepreneurship in theory or practice, and because so little headway has

" Brigitte Berger, “Introduction,” pp. 1-12 in The Culture of Entrepreneurship, ed. Brigitte Berger, San
Francisco, CA: ICS Press, 1991; p. 8.
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been made toward a generalizing explanation, the idea of disregarding past and current
academic theories of entrepreneurship altogether is a tempting one. Nevertheless, in
this chapter, I discuss the principal strands of theorizing on the topic in the disciplines
of economics, history, psychology, anthropology, and sociology. I wrap up this
survey by relating the conceptual foundations of economist Don Lavoie’s
interdisciplinary and hermeneutic approach to understanding entrepreneurship.”
Contemporary students of entrepreneurship in the social sciences have largely
neglected hermeneutic theory (along with empirical research on the interactive
dimensions of culture and knowing). Lavoie’s writings have been almost completely
ignored, so far as I can tell, but I have found them useful for this analysis nonetheless.’
They dovetail seamlessly with the Chicago School approach to the study of
communities, Howard Becker’s pragmatic understanding of culture, and the leading
theoretical orientations in contemporary social studies of scientific practice and
scientific culture outlined in the previous chapter. Lavoie urges students of

entrepreneurship to focus on the collective practices that define specific social,

? Don Lavoie, “The Discovery and Interpretation of Profit Opportunities,” pp. 33-51 in The Culture of
Entrepreneurship, ed. Brigitte Berger, San Francisco, CA: ICS Press, 1991. See also Lavoie, Don, ed.,
Economics and Hermeneutics, London: Routledge, 1990; and Don Lavoie and Emily Chamlee-Wright,
eds., Culture and Enterprise: The Development, Representation, and Morality of Business, London:
Routledge, 2000.

* Lavoie’s writings on entrepreneurship are ‘metatheoretical’ rather than substantive. They are abstract
ideas about the definition and conceptualization of economic knowledge and activity, and human nature
generally, and so belong to the philosophy of economics. Once committed to particular substantive
theories, methods of inquiry, conventions of speech, and established institutional processes, social
scientists (like natural scientists) typically suspend consideration of metatheoretical assumptions, at
least insofar as empirical research in their professional specialties is concerned. For academics who
cast their lots with established theoretical ‘schools of thought,” there are few incentives (and many
possible penalties) for entertaining philosophical ideas contrary to those espoused by authoritative
members. Among academic groups that conduct empirical studies of entrepreneurship, the market for
philosophical writings is limited.
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cultural, and historical settings (i.e., the concrete social preconditions of
entrepreneurship), and on the substance and meaning of entrepreneurial actions and
ideas in relation to them. In this dissertation, I adopt Lavoie’s analytical scheme as a
guide for writing a theoretically informed history of entrepreneurship in San Diego’s
life science and biotech community.

Although entrepreneurship is notoriously difficult to define with precision, it is
safe to say that it consists in the coordination and utilization of available resources to
create new objects, processes, or services of estimable value. It is safe, too, I hope, to
assert that none of these resources (materials, capital, ideas, people) can be counted as
factors contributing to social or technical change until entrepreneurs assemble and
make use of them. If this is accepted, then processes of innovation plainly begin with
entreprencurial actions. At any given point in history, conditions may be more or less
ripe for the arrival or application of some new technological phenomenon. The
accomplished fact of a new tool or a new technique of production, however, is not
something that can be read prospectively. Entrepreneurs are required to bridge the gap
between a past that is not fully cognizant of its possibilities, and a future in which
some of these possibilities become widely recognized and actively pursued. In the
case of biotechnology, the fact that certain scientific discoveries made in the 1970s
could be commercialized and eventually form the basis of a new industrial sector was
not readily apparent until entrepreneurs began to demonstrate to others how it might
be accomplished, and to convince them that biotechnologies could generate new
medicines for physicians and significant profits for investors. In biotechnology, the

capacity to translate suggestive results of laboratory experiments into useful
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phannacolégical products and economic expansion has been generated by
entrepreneurial actions.
CLASSICAL AND ALTERNATIVE CONCEPTIONS OF
ENTREPRENEURSHIP

Ironically, while the term entrepreneurship is usually invoked to refer to a
profit-oriented economic activity, the discipline of economics has had relatively little
to say about it. When economic theorists have addressed the topic, they have typically
asked ‘what is the economic function of the entrepreneur?” And they have generally
agreed on a broad answer: an entrepreneur is an economic agent who spies profit
opportunities and moves to take advantage of them. In capitalist economies, the
entrepreneur’s function is to spur economic progress. However, in the dominant
classical equilibrium model of the economic process, there is nothing that
distinguishes entrepreneurial action from any other informed, rational economic
behavior based on calculations of expected utility. The classical model is static.
Within it, all actors are assumed to possess the knowledge necessary to arrive at
rational expectations. There are no means in this scheme for crediting or blaming
individual actors for innovation and change. In classical economics, entrepreneurship
is a form of utility maximizing and is fully explained by the systemic pull of profit
opportunities. Only when the basic assumptions of the classical model are relaxed can
entrepreneurship be conceptualized as a distinct form of economic activity, one that is
creative rather than systematically rational.

In the modern history of economics, a few voices from the wilderness have

piped up with alternatives to the disciplinary status quo. These efforts have been
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partially successful in terms of opening up conceptual spaces in which to treat
entrepreneurship as a form of economic action distinct in certain respects from others.
For example, in 1921, Frank Knight published an unorthodox book that abandoned the
familiar classical presuppositions of perfect information and perfect competition.*
This move allowed him to distinguish uncertainty from calculable economic hazards,
and to equate the entreprencurial function with the assumption of undetermined and
uninsurable risks. The substance of economic enterprise, in Knight’s view, involves
acting in the face of unknown and unforeseeable market conditions. In real life
economic activity, investments are made without guarantees concerning outcomes.
Individuals who gamble with their capital must be able to tolerate conditions of
uncertainty, and it is for this tolerance that the successful businessperson may be
rewarded with profit. With this conceptualization, Knight managed to separate
entrepreneurship from utility maximizing.

Still, in Knight’s abstract analysis, entrepreneurship remains strictly a chase
after financial gain. There is little mention of the organizational work that
entrepreneurs are obliged to undertake and there is no categorical distinction to be
made between innovative and routine profiteering. Further, most analysts today,
following Joseph Schumpeter, agree that the assumption of financial risk is incidental
to entrepreneurial practice. Schumpeter proposed that in the analysis of
entrepreneurship, “risk bearing should not be described as an essential or defining

function...for it is obviously the capitalist who bears the risk and who loses his money

* Frank Knight, Risk, Uncertainty, and Profit, Boston, MA: Houghton Mifflin, 1921.
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in case of failure.” Entrepreneurs take chances on failure, disappointment, loss of
reputation, etc., and they sometimes take chances on personal financial ruin, but most
entrepreneurial projects imperil ‘OPM’ — other people’s money. Certainly, this is true
in the field of biotechnology where the sums of money required for product
development are enormous. Entrepreneurial life scientists and research managers
cannot personally finance their projects. In the commercialization of biotechnologies,
venture capitalists and other public and private investors assume the financial risks.
Another notable challenge to the basic assumptions of classical economic
theory was posed in the first half of the 20™ century by the ‘subjectivism’ of the
Austrian School economists.’ The Austrians rejected the classical idea that economic
action consists in choices made within objective opportunity structures. The
subjectivist view holds that the sense and meaning of an economic action cannot be
properly understood without taking into account the (situated and limited) knowledge,
expectations, and plans of the individual actor. Starting from this basic
presupposition, school member Israel Kirzner conceptualized entrepreneurship as
‘market discovery.”” In his analysis, the defining feature of entrepreneurial action is

alertness. The entrepreneur is someone who recognizes profit opportunities (i.e.,

* Joseph A. Schumpeter, “Economic Theory and Entrepreneurial History,” ch. 21 in Essays: On
Entrepreneurs, Innovations, Business Cycles, and the Evolution of Capitalism, ed. Richard V.
Clemence, New Brunswick, NJ: Transaction, 1989.

¢ See Freidrich von Hayek, Individualism and Economic Order, Chicago: University of Chicago Press,
1948; Ludwig von Mises, Human Action: A Treatise on Economics, London: William Hodge, 1949.

7 Israel M. Kirzner, Competition and Entrepreneurship, Chicago: University of Chicago Press, 1973;
Perception, Opportunity, and Profit: Studies in the Theory of Entrepreneurship, Chicago: University of
Chicago Press, 1979; Israel M. Kirzner, et al., eds., The Prime Mover of Progress: The Entrepreneur in
Capitalism and Socialism, London: The Institute of Economic Affairs, 1980.
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market inefficiencies or unsatisfied needs) when others do not. Entrepreneurs move
first to engage in arbitrage, improve production, or supply unmet demands. They
receive supernormal returns for their alertness and initiative until other producers
begin to follow their lead and saturate the market that the entrepreneurs have opened
up or reformed. The role of the entrepreneur, then, for Kirzner, is to move economies
back toward states of equilibrium. Kirzner’s theory of entrepreneurship remained
bound by the traditional commitments of economists to methodological individualism
and equilibrium analysis. Still, like Knight, he was able to portray entrepreneurship as
a form of judgment rather than objective calculation.

Neither Knight nor Kirzner were inclined to speculate on or investigate the
emergence of entrepreneurial ventures or values. For both, the lure of profits was
taken for granted as the motive force behind entrepreneurial activity, and beyond this,
both were content to leave the ‘formation’ of entrepreneurs and entrepreneurship to
researchers in other fields. Perhaps unique among prominent economists in exploring
substantive theoretical ideas about the ‘non-economic’ sources of economic enterprise
was Schumpeter. In a review of sociological research on entrepreneurship, Alberto

8
ki In

Martinelli calls Schumpeter “the theorist of entrepreneurship par excellence.
Schumpeter’s theory, entrepreneurship is a dynamic force. It disrupts established

patterns of economic activity. Schumpeter’s entrepreneurs assemble novel

recombinations of economic resources or factors of production in order to create new

¥ Alberto Martinelli, “Entrepreneurship and Management,” pp. 476-503 in The Handbook of Economic
Sociology, ed. Neil J. Smelser and Richard Swedberg, Princeton, NJ: Russell Sage Foundation, 1994; p.
478.
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things of value.” They mobilize and organize people, materials, and bodies of
proprietary knowledge in innovative ways. But Schumpeter stressed that these
resources are not merely elements of economic systems; they belong to larger social,
cultural, and political wholes, and these are the arenas in which entrepreneurs must
act. In Schumpeter’s theory, entrepreneurship consists in linking together different
on-going social practices in order to produce economic innovations. Entrepreneurs are
agents of social change.

As a good economist, Schumpeter was interested in characterizing the
‘entrepreneurial function’ within the economic process. He located the sources of
innovation, not in the machinelike operation of economic systems, but rather in
persons. From the Schumpeterian perspective, capitalist economies are not ‘self-
propelling’ — innovative economic growth in capitalism is initiated and sustained by
individual actions. “The carrying out of new combinations,” said Schumpeter, “we
call ‘enterprise’; the individuals whose function is to carry them out we call
entrepreneurs.”'’ Having laid out this analytical view of the entrepreneurial function,
Schumpeter then went a step further and attempted to theorize the phenomenon of
entrepreneurial formation. Schumpeter’s understanding of entrepreneurship rests on a
distinction between creative and rational action. Entrepreneurship exemplifies the

former. Entrepreneurs are creative. A central feature of entrepreneurial action, then,

® See Joseph A. Schumpeter, Essays: On Entrepreneurs, Innovations, Business Cycles, and the
Evolution of Capitalism, ed. Richard V. Clemence, New Brunswick, NJ: Transaction, 1989; especially,
ch. 3, “The Instability of Capitalism”; ch. 18, “The Creative Response in Economic History”; and ch.
21, “Economic Theory and Entrepreneurial History.” See, also, Joseph A. Schumpeter, The Theory of
Economic Development: An Inquiry into Profits, Capital, Credit, Interest, and the Business Cycle, trans.
Redvers Opie, New Brunswick, NJ: Transaction Books, 1983 [1926].
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is ‘non-rational,” and not amenable to conventional economic analysis. To account for
this aspect of innovative change in economic life, Schumpeter interpreted
entrepreneurship as a special kind of conduct undertaken by a special kind of person.
He maintained that since entrepreneurship “essentially consists in doing things that are
not generally done in the ordinary course of routine business, it is essentially a

phenomenon that comes under the wider aspects of leadership.”"!

This conception of
entrepreneurship prompted Schumpeter to lend his theoretical and methodological
allegiances to the study of economic history. He insisted that historical research
remained indispensable in the study of entrepreneurial leadership (and in studies of a
range of other economically relevant phenomena, including technological innovation,
business cycles, capital formation, credit, and profits).'? Like the members of the

Austrian school, Schumpeter believed that economic modeling was too blunt a tool to

capture in full the complexities and dynamics of the economic process. He concluded,

"% Joseph A. Schumpeter, The Theory of Economic Development, New York: Harper, 1949 [1912]; p.
74.

' Joseph A. Schumpeter, “Economic Theory and Entrepreneurial History,” p. 259. Sociologists have
noted affinities between Schumpeter’s ideas about entrepreneurial leadership and the Weberian
concepts of rationalization and charisma. See, for example, Dahms, Harry F., “From Creative Action to
the Social Rationalization of the Economy: Joseph Schumpeter’s Social Theory,” Sociological Theory
13,1, 1995: 1-13; and Alberto Martinelli, “Entrepreneurship and Management,” pp. 476-503 in The
Handbook of Economic Sociology, ed. Neil J. Smelser and Richard Swedberg, Princeton, NJ: Russell
Sage Foundation, 1994. Martinelli has this to say about the attenuated charisma that Schumpeter
ascribed to successful entrepreneurs: “While having some elements in common with religious and
military leaders of the past, the entrepreneur is, however, less heroic. He is a leader in a rational and
antiheroic civilization, and as a result does not excite the charismatic feelings and collective enthusiasm
of those who make or defend whole civilizations. Entrepreneurial leadership is not charged with the
emotional elements that made the glory of other types of leaders...it operates in a more limited sphere
and enjoys a more precarious status in society.” Schumpeter’s own pithy summary was this: “The stock
exchange is a poor substitute for the Holy Grail.” Joseph A. Schumpeter, Capitalism, Socialism, and
Democracy, New York: Harper & Row, 1942 [1975]; p. 137.

"> See Yuichi Shionoya, “Instrumentalism in Schumpeter’s Economic Methodology,” History of
Political Economy 22, 1990: 187-22.
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as well, that narrative histories of entrepreneurship could be profitably supplemented
and enriched by psychological, anthropological, and sociological research and
theorizing. "

Unfortunately, social research on entrepreneurship has proceeded down many
disparate paths that remain unconnected. The field is conceptually fragmented.
Investigations of entrepreneurial formation in the disciplines of psychology,
anthropology, and sociology have typically asked two questions: ‘What traits or
characteristics distinguish entrepreneurs from others?’ and “What factors or conditions
produce entrepreneurial persons and entrepreneurial actions?” Economists have
traditionally sought to characterize the abstract features of the entrepreneurial
function, and to understand the implications of entrepreneurial activities for larger
economic processes, but analysts in sister social sciences have embraced different
ends. They have concerned themselves with the origins and social histories of
entrepreneurs and the social circumstances that give rise to entrepreneurial ventures.
They have attempted to learn who entrepreneurs are and where they come from, and to
explain why entrepreneurs do what they do. However, while accounting for the
genesis of innovative enterprise is a goal shared by psychologists, anthropologists, and

sociologists (along with sociologically minded economists), studies of

"> Schumpeter’s catholicism directly influenced members of the Research Center in Entrepreneurial
History at Harvard University in the 1940s and 1950s. Schumpeter was loosely affiliated with the
group. The Center became known for its sponsorship of interdisciplinary, theoretically eclectic, and
historically inclined research. Members undertook studies of the ‘entrepreneurial personality,” the
social origins and social roles of entrepreneurs, and the institutional settings in which entrepreneurs
emerge and operate. See Research Center in Entrepreneurial History, Harvard University, Change and
the Entrepreneur: Postulates and Patterns for Entrepreneurial History, Cambridge, MA: Harvard
University Press, 1949.
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entrepreneurship in the social sciences have drawn wildly diverse conclusions. They
have not converged on any unified theory.

In a recent review of the many literatures on the topic, Patricia H. Thornton
proposes that social theories of entrepreneurship can be usefully classified as
belonging to ‘supply side’ or ‘demand side’ schools." The supply side approach
focuses on the characteristics of entrepreneurs, and the social or cultural influences
that produce entrepreneurial persons. Supply siders seek to locate the non-economic
sources of entrepreneurial formation, and to explain distributions of entrepreneurial
capacities among individuals within populations. Demand siders, by contrast,
conceptualize entrepreneurship as a precipitate of various economic, technological,
organizational, and institutional conditions. They attempt to account for the social
production of entrepreneurial actions, not entrepreneurial persons. Demand side
analyses examine relationships between innovative business projects and the contexts
in which they occur.

THE SUPPLY SIDE

Most social scientists agree that entrepreneurs are made, not born, but there
remain fundamental differences of opinion among them regarding how properly or
best to explain appearances of entrepreneurial ventures. Supply-side psychologists
attempt to distill the essential elements of the entrepreneurial personality, or quality of
mind. Rather than analyzing constitutive features of entrepreneurial action — say,

alertness or judgment — they look instead for personal endowments, temperaments, or

1 Patricia H. Thornton, “The Sociology of Entreprencurship,” Annual Review of Sociology 25, 1999:
19-46; p. 21.
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talents that are extrinsic and prior to the economic function itself. These may include
independence, self-reliance, optimism, leadership, decisiveness, determination,
perseverance, tolerances for ambiguity, uncertainty, and risk, among many others.
Supply-side psychologists often start from the premise that entrepreneurs are
distinguished by special psychological propensities, and they try to find out exactly
what these propensities are. Many assume that explanations for fixed characteristics
of this kind can be found in psychological histories. From their perspective,
entrepreneurial persons are formed in developmental processes of socialization or
mental adjustment.

Psychoanalytically inclined economic historian Bernard Sarachek, for instance,
analyzed the family backgrounds of 187 American entrepreneurs in the 18", 19" and
20" centuries.!® He examined, among other variables, the class status of families,
fathers’occupations, entrepreneurs’ relationships with their fathers, and birth orders of
siblings. Sarachek concluded that economic deprivation and disrupted family
relationships inculcated strong motivations for achievement in individuals making up
a significant portion of his sample. His analysis constructs psychological foundations
for ‘rags-to-riches’ tales. Another work by management scholars Erik K. Winslow
and George T. Solomon presents a different interpretation. Winslow and Solomon

35 16

suggest that entrepreneurs are “mildly sociopathic. In this portrait of the

enterprising psyche, business venturers act independently because they desire control

' Bernard Sarachek, “American Entrepreneurs and the Horatio Alger Myth,” Journal of Economic
History 38, 1978: 439-456.

'® Erik K. Winslow and George T. Solomon, “Entrepreneurs Are More Than Non-Conformists: They
Are Mildly Sociopathic,” Journal of Creative Behavior 21, 1987: 202-213.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



146

and distrust others’ opinions. They break conventional rules and innovate because
they are pathologically self-centered. Entrepreneurs, the authors contend, have little
respect for social values. In their opinion, the entrepreneur is a deviant type. Others
with proclivities for conformity and social approval are less likely to engage in
entrepreneurial behavior.'’

In a study of high-tech entrepreneurs, Edward B. Roberts offers yet another
version of the ‘entrepreneurial personality.” Roberts’ work is an extended and highly
eclectic study of commercial ventures spun out of the Massachusetts Institute of
Technology."® He found a number of psychological similarities among the founders of
these firms. Many were identified as ‘inventor personalities’ (clever, pragmatic,
flexible, and solution-oriented) by their responses to the Myers-Briggs Type Indicator
test. Many expressed moderate desires for independence and power and many
appeared to have been influenced at a young age by self-employed fathers. Yet, none

of the characteristics cited by Roberts comes close to being a prerequisite for, or a

' The contrast between this view and that of economist Mark Casson illustrates the vast differences that
obtain among interpretations of entrepreneurial behavior. In Casson’s view, entrepreneurs are not
typically sociopathic — in fact, nothing could be further from the truth. Casson rejects entirely the
notion that entrepreneurs are selfish economic opportunists. He proposes as the appropriate model of
the entrepreneurial actor not ‘economic man,’ but rather ‘ethical man.” According to Casson,
entrepreneurs must be cooperative, reliable, and trustworthy. They must display personal integrity in
marketplace cooperation and competition, and in political negotiations and conflicts. If they do not,
their behaviors will be costly and will diminish their prospects for achieving their ends. See Mark
Casson, Entrepreneurship and Business Culture: Studies in the Economics of Trust, Volume One,
Edward Elgar: Aldershot, UK, 1995.

'® Edward B. Roberts, Entrepreneurs in High Technology: Lessons From MIT and Beyond, New York:
Oxford University Press, 1991; ch. 3. Roberts’ analysis synthesizes (or, to put it another way, is a
hodge-podge) of ‘supply’ and ‘demand’ side explanations. It incorporates a great deal of practical “how
to” advice, as well. In detailing his portrait of high-tech entrepreneurship at MIT, Roberts discusses — in
addition to entrepreneurs’ backgrounds and personal characteristics — technologies and R&D processes,
organizational forms, financing, various business functions (e.g., management, product development,
and marketing), and the institutional milieu of Cambridge and Greater Boston.
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powerful predictor of, high-tech entrepreneurship. Roberts reports that correlations on
a number of other demographic variables — especially age, education, and work
experience — were more telling. On average, the founders of the MIT high-tech spin-
off firms were well-educated engineers in their thirties with practical industrial design
experience. Psychological make-ups aside, the MIT entrepreneurs were typically
young and energetic enough to take on the tasks of company-building, and typically
old and wise enough to know what they were doing, having acquired the experience
and connections to prepare them for the rigors and demands of high-tech
entrepreneurship.

Taken as whole, Roberts’ study shows the inadequacy of accounts that rely
exclusively on psychological traits or propensities to explain entrepreneurial behavior.
They are too simplistic; they neglect the significance of ‘external’ structural and
contextual factors. Supply-side psychologies of entrepreneurship have been roundly
criticized for their narrow focus, and for the fact that they have not produced robust
generalizations. Counterevidence abounds. It is reasonable to expect that the
personalities or mental habits of entrepreneurs will matter and give rise, in a manner of
speaking, to behaviors that shape outcomes in particular cases, but there does not
appear to be any archetypal ‘entrepreneurial psyche’ shared by individuals who
engage in innovative business practices. It is evident that entrepreneurial personalities
and entrepreneurial motives and actions are too diverse to be captured in this manner.
Because they conceptualize entrepreneurial ‘drive’ as a purely mental phenomenon,

psychologists are ill-equipped to handle the empirical complexities of actual
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entrepreneurial actions and practices. Supply-side sociologists have maintained that
they do a better job of it.

Supply side sociologists argue that personality profiles fail as monocausal
explanations of entrepreneurial activity because they ignore the ways in which
individual psychologies and individual actions are shaped by social and cultural
contexts. Instead of locating the sources of entrepreneurship exclusively in personal
psychological histories and individual temperaments, they search for the antecedents
of entrepreneurial attitudes and values in broader social and cultural environments.
Some treat individual entrepreneurs as ‘carriers’ of culturally transmitted attitudes that
encourage enterprise and innovation. The classic work in this genre is Max Weber’s

The Protestant Ethic and the Spirit of Capitalism. On the basis of extensive

comparative-historical scholarship, Weber argued that the rational, systematic
approach to business that characterizes modern capitalist enterprise issued originally
from a number of non-economic social and cultural sources in the West, including,
importantly, the doctrines of the Calvinism." According to Weber, Calvinist beliefs
prompted followers to adopt an attitude of ‘worldly asceticism,” a mode of thought
and action that the Calvinists translated into innovative business practices. Calvinism
supplied the modern world with the original capitalist entrepreneurs.

Other influential supply-side analysts have constructed arguments along

similar lines. In 1961, in a book called The Achieving Society, David McClelland

1% Max Weber, The Protestant Ethic and the Spirit of Capitalism, trans. Talcott Parsons, New York:
Charles Scribner’s Sons, 1958 [1904-1905]. Among other contributing influences, Weber noted
historical developments in law, political administration, and natural scientific inquiry.
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likewise attempted to connect innovative economic growth with social values.”* He
observed that child-rearing practices in modern capitalist societies encourage
independence, self-reliance, and personal excellence. In the process of socialization,
he argued, children internalize these values and develop strong personal needs for high
achievement. Later, many seek to satisfy these needs by becoming successful in
business, and they are often willing to break with established conventions and patterns
of action in order to do so. They become determined innovators. The structure of
McClelland’s explanation remained identical to Weber’s, although within it, families
rather than religious congregations are the important agents of socialization.

A year after McClelland published The Achieving Society, Everett Hagen

introduced a theory that was similar in explanatory form, but very different
substantively, and more ambitious in that it attempted to link micro and macro levels
of analysis. Like McClelland’s theory, Hagen’s complex argument points to
socialization and parent-child relationships as central to the formation of
entrepreneurial personalities. However, Hagen also incorporated macrosocial
variables as causal factors.”’ He observed that entrepreneurs are often overrepresented
in social groups that suffer from status withdrawal or deprivation. According to
Hagen, one positive response of families in such groups (among many negative

reactions) is to foster creativity and a spirit of individualism in children. These

2 David McClelland, The Achieving Society, Princeton, NJ: D. van Nostrand Co., 1961.

2 Bverrett E. Hagen, On the Theory of Social Change: How Economic Growth Begins, Homewood, IL:
Dorsey, 1962.
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disadvantaged individuals often develop mental habits that enable them to undertake
innovative, entrepreneurial projects and to overcome social resistance.

Plenty of criticisms have been leveled at supply side analyses that attempt to
explain entrepreneurial formation in terms of psychological conditioning or by
reducing entrepreneurs to sociological ‘types.” Management scholars Amit, Glosten,
and Muller acknowledge that the complexities of entrepreneurs and their backgrounds
have defied attempts to derive generally valid principles that can be use to predict
appearances of innovators in particular times and places. In the study of
entrepreneurial formation, they caution, “[i]t may be too ambitious to expect a
complete and robust theory.”* The histories and profiles of individual entrepreneurs
are simply too diverse. Amit, et al. recite a long list of entrepreneurial qualities or
characteristics that could have explanatory significance in particular instances:

creativity, adaptiveness, technical know-how, vision and leadership

ability, managerial and organizational skills, ability to make decisions

quickly and to act in a rapidly changing and uncertain environment,

personal integrity, a range of cognitive decision-making biases, and the

entrepreneur’s cultural background and education. **

Faced with this empirical complexity, Amit, et al. concede that the entire body
of psychological and social psychological research on entrepreneurship has failed to
deliver a coherent analytical picture of the genetic or experiential antecedents of

entrepreneurial attitudes and values, or of personal qualities possessed by

entrepreneurs that differentiate them from other people. “We simply do not know,”

* Raphael Amit, Lawrence Glosten, and Eitan Muller, “Challenges to Theory Development in
Entrepreneurship Research,” Journal of Management Studies 30, 1993: 815-834; p. 815.

2 Amit, Glosten, and Muller, “Challenges to Theory Development in Entrepreneurship Research,” p.
817.
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they admit, “whether there is an essential set of entrepreneurial characteristics and

what that set is.”**

Nevertheless, while psychoanalytic explanations appear to fail
generally on empirical grounds, actors on the biotech stage still sometimes resort to
them when it happens to suit their practical agendas. Alfred E. Middleton, for
example, states that biotech entrepreneurs tend to be “smart, arrogant, single-minded,
obsessive, highly egotistical, brutally honest, and loners by nature.” They usually
conform to this model, he asserts, because “[i]t takes a driven, singularly focused
personality to overcome all of the hurdles in the path of any company startup.”’
Middleton, it should be noted, is a headhunter and vice-president of an executive
search agency. He advertises a matchmaking service that delivers the best results
when it locates the right person for a job. According to Middleton, the right person
possesses, in addition to the necessary credentials, experiences, and skills, the proper
temperament as well. The validity of Middleton’s personality profile for
entrepreneurs is questionable. No evidence is presented to support it, and
counterexamples are plentiful. Of course, there is no reason to discount the
significance of personal qualities in explanations of particular happenings in particular
times and places, and persons who appear to fit Middleton’s description may, in fact,

make fine bioentrepreneurs. But it may be that (collective) entrepreneurial processes

make entrepreneurial individuals rather than vice versa. In any event, no biotech

* Amit, Glosten, and Muller, “Challenges to Theory Development in Entrepreneurship Research,” p.
817.

2 See Alfred E. Middleton, “Pharmaceutical Execs Look to Biotech Careers,” Biotechnology 7, 1989:
883-887.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



152

entrepreneur has ever overcome hurdles to business or scientific success without
assistance or purely by force of personality or individual will.

Many academic supply-siders have now largely dispensed with psychological
accounting, electing instead to emphasize to a greater degree the social contexts in
which entrepreneurs are formed. Some attribute supplies of willing and able
entrepreneurs in a society — as does Hagen, ultimately — to the social circumstances of
the particular groups from which they emerge. Unlike Hagen, however, researchers
developing structural arguments do not assert that members of these groups tend to
acquire distinctive psychological traits, nor are they concerned with specifying any
particular set of attitudes or psychological propensities that characterize individual
entrepreneurs. Rather, in this kind of accounting, the characteristics that matter are
characteristics of groups or communities — their customs, practices, and patterns of
association and communication. The idea that individuals adopt entreprencurial ways
of thinking and acting because they have been exposed to entrepreneurial ways of life
and encouraged to embrace entrepreneurial values remains implicit, but in social
structural accounts of entrepreneurial formation, the socialization of entrepreneurs is
treated as an effect as well as a mediating cause.

Along this line of inquiry, Marxists and Schumpeterians have analyzed how, in
capitalist societies, the bourgeois class produces entrepreneurs. Innovators emerge
from the business elite because this group has at its disposable the means to protect its

interests and further it ends. Bourgeois entrepreneurs are able to spur economic
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growth because they are able to control private property and exercise political power.*®
However, not all entrepreneurs come from the ranks of the privileged. Many business
scholars have focused their inquiries on the formation of entrepreneurship within
ethnic minority groups.”’ Werner Sombart was the first scholar to theorize links
between the social circumstances of minorities and processes of entrepreneurial
formation. According to Sombart, the frequent appearance of entrepreneurs in
minority populations is explained by the social marginality of these groups. As
outsiders, so the argument goes, minorities often face discrimination. They are often
denied access to social and economic resources and opportunities. In response,
members of these groups develop particularized and innovative economic strategies
and skills, as well as knowledge and material resources that they often share within the
group. In analyses of this kind, the fact of relatively high levels of entrepreneurial
activity within ethnic communities is traced to social structural conditions, and, in
particular, to the disadvantaged positions of minorities. The successes of minority

entrepreneurs are attributed to in-group solidarity, to the functioning of networks of

%6 See, for example, Maurice H. Dobb, “The Entrepreneur Myth,” pp. 3-15 in On Economic Theory and
Socialism: Collected Papers, London: Routledge & Kegan Paul, 1955; Karl Marx, Capital, Vol. 1, trans.
Ben Fowkes, New York: Vintage Books, 1977; William Miller, “The Business Elite in Business
Bureaucracies,” pp. 286-305 in Men in Business: Essays in the History of Entrepreneurship, ed.
Cambridge, MA: Harvard University Press, 1952; Joseph A. Schumpeter, Capitalism, Socialism, and
Democracy, New York: Harper, 1942, Strictly speaking, Marxism does not qualify as a supply-side
theory. Marxists do not analyze the processes in which individual entrepreneurs are formed. For them,
the role of the entire bourgeois class is to revolutionize perpetually the means of capitalist production.

*7 See, for example, Howard E. Aldrich and Roger Waldinger, “Ethnicity and Entrepreneurship,”
Annual Review of Sociology 16, 1990: 111-135; Gillian Godsell, “Barriers to Entrepreneurship in
South Africa,” pp. 85-98 in The Culture of Entrepreneurship, ed. Brigitte Berger, San Francisco, CA:
ICS Press; Alejandro Portes, and Min Zhou, “Gaining the Upper Hand: Economic Mobility Among
Immigrant and Domestic Minorities,” Ethnic and Racial Studies 15, 1992: 491-522; Roger Waldinger,
Robin Ward, and Howard E. Aldrich, “Ethnic Business and Occupational Mobility in Advanced
Societies,” Sociology 19, 1985: 586-597; Robin Ward and Richard Jenkins, eds. Ethnic Communities in
Business: Strategies for Economic Survival. Cambridge: Cambridge University Press, 1984.
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communication, exchange, and cooperation within ethnic communities.”® For
Sombart, and many other scholars since, the social rather than the individual
characteristics of entrepreneurs are the keys to understanding entrepreneurial
formation.

Numerous quantitative studies have confirmed social structural patterns in the
phenomenon of high-tech entrepreneurship. To the surprise of no one familiar with
the dynamics of social life in high-tech industries, active participation in technical
communities and organizations prepares founders of high-tech companies for their
social roles.”’ These persons are minority entrepreneurs, too. They have educational
and technical backgrounds that distinguish them from most others. They tend to travel
in circles where contributions to progress in science, engineering, and business are
valued and rewarded. Their social connections afford them access to funds of
knowledge and skill that are useful to efforts to commercialize new inventions or to
develop products from the findings of scientific investigations. Their experiences in
the sciences, engineering, and business teach them how to identify and secure the
materials and financial assistance that they will need to make successes of their own
private ventures. In the specific case of the biotech sector of the pharmaceutical
industry, the original entrepreneurs in the field were drawn almost exclusively from

communities of academic life scientists and medical researchers, along with

% Werner Sombart, The Quintessence of Capitalism: A Study of the History and Psychology of the
Modern Business Man, trans. M. Epstein, New York: H. Fertig, 1967 [1915]; The Jews and Modern

Capitalism. Trans. M. Epstein, Glencoe, IL: Free Press, 1951 [1913].

% Edward B. Roberts, Entrepreneurs in High Technology: Lessons From MIT and Beyond, New York:
Oxford University Press, 1991.
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occasional deserters from the ranks of venture capitalists. Later, scientists and
executives from the pharmaceutical industry (including the biotechnology sector)
began to make more frequent appearances.’® The life sciences and the pharmaceutical
business in the late 1970s and early 1980s were the antediluvian pools from which
new entrepreneurs crawled to initiate the evolution of biotechnology industry. This is
a sociological fact that no one disputes.

Of course, unlike new immigrants who rely on each other to scratch out
livelihoods in unfamiliar surroundings, the minorities to which biotech entrepreneurs
tend to belong are social elites. Overrepresented among the officers of new biotech
companies have been alumni and faculty of the finest and most well-endowed research
universities, members of prestigious professional societies and associations in the
sciences and medicine, and employees of large corporations and federal government
agencies. The social distances that separate most prospective bioentrepreneurs from
money, power, and information are not great. The manners that they affect, the
languages that they speak, the cloths that they don, and the degrees of social status and
prestige that they enjoy by virtue of their professional and social affiliations smooth

passages through financial and scientific networks to capital, human resources, and

3% Mark D. Dibner, “Commerical Biotech’s Founding Fathers,” Biotechnology 5, 1987: 571-572. In
the 1970s, only 27.6% of new biotech companies were founded or co-founded by persons with
experience in the pharmaceutical industry. By the mid-1980s, industry people were involved in 66.2%
of all new foundings. During this period, there was also a decline in the average size of the
pharmaceutical and biomedical companies with which founders were previously affiliated. From the
beginning, the majority of entrepreneurs starting companies to develop biological diagnostics or to
manufacture new life science instruments, supplies, and reagents came to their projects from industrial
settings. And through the mid-1980s, only 5.4% of company founders were women. These facts and
trends are not mysterious for persons familiar with the life sciences and the biotech industry in its
infancy, but the explanations that make sense of these ‘structural’ facts are contextual — i.e., historical,
cultural, and idiographic.
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other material ingredients vital to successful scientific entrepreneurship. Social
scientists studying social networks and inter-organizational communications and
collaborations have lately produced numerous maps that chart the social locations and
movements of individuals, including entrepreneurs,’’ and firms and institutions
participating in these processes.”> Because of their inclusion in minority groups with
connections to social elites, and because of the dynamics and structural characteristics
of high-tech industries (for which they are partly responsible), bioentrepreneurs rarely
have to travel far across social or geographics spaces in order to visit money, power,

or knowledge. >

*! David Blumenthal, “Academic-Industry Relationships in the Life Sciences: Extent, Consequences,
and Management,” Journal of the American Medical Association 268, 23, 1992: 3344-3349;
Blumenthal, David, et al., “Participation of Life Science Faculty in Research Relationships with
Industry,” New England Journal of Medicine 335, 23, 1996: 1734-1739; Mark D. Dibner, “Commerical
Biotech’s Founding Fathers,” Biotechnology 5, 1987: 571-572; Karen Seashore Louis, et al.,
“Entrepreneurs in Academe: An Exploration of Behaviors Among Life Scientists,” Administrative
Science Quarterly 34, 1989: 110-131; Lynne G. Zucker and Michael R. Darby, “Virtuous Circles of
Productivity: Star Bioscientists and the Institutional Transformation of Industry,” Working Paper
#5342, National Bureau of Economic Research, Cambridge, MA, 1995,

32 Joel A.C. Baum, Tony Calabrese, and Brian S. Silverman, “Don’t Go It Alone: Alliance Composition
and Startups’ Peformance in Canadian Biotechnology,” Strategic Management Journal 21, 3, 2000:
267-294; Koenraad Debackere and Bart Clarysse, “Advanced Bibliometric Methods to Model the
Relationship Between Entry Behavior and Networking in Emerging Technological Communities,”
Journal of the American Society for Information Science and Technology 49, 1, 1998: 49-58; Loet
Leydesdorff and Gaston Heimeriks, “The Self-Organization of the European Information Society: The
Case of Biotechnology,” Journal of the American Society for Information Science and Technology 52,
14,2001: 1262-1274; Amalya L. Oliver and Julia Porter Liebeskind, “Three Levels of Networking for
Sourcing Intellectual Capital in Biotechnology,” International Studies of Management and Organization
27,4, 1997-98: 76-103; Luigi Orsenigo, Fabio Pammoli, and Massimo Riccaboni, “Technological
Change and Network Dynamics: Lessons from the Pharmaceutical Industry,” Research Policy 30, 3,
2001: 485-508; Jason Owen-Smith, Massimo Riccaboni, Fabio Pammoli, and Walter W, Powell, “A
Comparison of U.S. and European University-Industry Relations in the Life Sciences,” Management
Science 48, 1, 2002: 24-73; Walter W. Powell, Kenneth W. Koput, and Laurel Smith-Doerr,
“Interorganizational Collaboration and the Locus of Innovation: Networks of Learning in
Biotechnology.” Administrative Science Quarterly 41, 1996: 116-145; Walter W. Powell and Jason
Owen-Smith, “Universities and the Market for Intellectual Property in the Life Sciences,” Journal of
Policy Analysis and Management 17, 2, 1998: 253-277.

33 See, for example, Walter W. Powell, et al., “The Spatial Clustering of Science and Capital:
Accounting for Biotech Firm-Venture Capital Relationships,” Regional Studies 36, 3, 2002: 291-305.
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THE DEMAND SIDE

A criticism leveled at all supply side variable analyses — whether they cite
individual psychologies, elements of culture, or social structural conditions as causal
factors — is that they rely on static explanatory models. Because they typically dismiss
contextualizing histories as anecdotal evidence, supply side number crunchers are
unable to conceptualize the ways in which social processes transform cultures and
social-structural patterns, and impact the conditions of entrepreneurship. They fail to
take into account the changes wrought in capitalist societies by innovative business
practices. These are problems that demand side explanations attempt to remedy.
Demand side theories of entrepreneurship do not ask the question ‘Where do
entrepreneurs come from?’ Instead, they ask “Where do opportunities for
entrepreneurship come from?’ and ‘What do entrepreneurs do, and why?’” When it
comes to accounting for innovative business practices, supply siders want to know
‘What kind of person would think to do such things?’ Those working the demand
side, by contrast, want to know ‘What made it possible for anyone so inclined to do
such things?’ They also ask, ‘How are such things done?’ and ‘What are the results?’

Accordingly, demand side theorists are not much concerned with the
psychological or demographic attributes of entrepreneurs. They do not contest the
idea that certain individuals, for a wide range of reasons, may be predisposed to
engage in innovative enterprise. Neither do they reject the notion that cultural values
or social practices of certain social groups may foster entrepreneurial attitudes. They
deny, however, that specific psychological attributes, cultural influences, or social

characteristics can be invoked as necessary or sufficient causes of actual
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entrepreneurial behaviors.>® The “fire in the belly’ of the entrepreneur is considered
incidental and disallowed as an explanation, as is general social approval of innovative
commercial practices. For demand theorists, analyses that rely on personal qualities,
collective entrepreneurial strategies, or generalized cultural attitudes to account for
appearances of new ventures commit the error of ‘sampling on the dependent
variable.””’

They argue that attitudes, intentions, and plans do not necessarily distinguish
successful and unsuccessful entrepreneurial ventures. Under favorable conditions,
they point out, lackadaisical, inept, and poorly-connected persons may blunder into
success; under unfavorable conditions, determined, talented, and well-connected
people may fail, or never even have a chance to get started.

In demand side analyses, processes of entrepreneurial formation are dismissed
as both analytical problems and explanatory resources. The formation of individual
entrepreneurs requires no accounting. It is assumed that when structural or
environmental conditions are right for the founding of new ventures, new
entrepreneurs will rise to the occasion. The supply of entrepreneurial persons in
populations is simply taken for granted. From the demand perspective, actual
entrepreneurial actions are not explained by conditions that affect the supply of
entrepreneurs willing to engage in them, but rather by conditions that allow actors to

undertake them. When environmental conditions permit or encourage entrepreneurial

3* William B. Gartner, “Who is an Entrepreneur?” Is the Wrong Question,” Entrepreneurship: Theory &
Practice 13, 1988: 47-68.

3% Sidney M. Greenfield and Arnold Strickon, “A New Paradigm for the Study of Entrepreneurship and
Social Change,” American Journal of Sociology 87, 1981: 467-499.
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innovation, people evidently move to take advantage of such openings. This kind of
context-bound behavior is where demand side studies begin. The empirical focus of
demand side research 1s on contextual action — what individuals and groups actually
do in relation to their social and economic surroundings. Demand side analysts seek
to explain, not the social production of entrepreneurial persons, but rather the social
production of entrepreneurial projects.

So, this perspective examines the environmental contexts of entrepreneurial
behavior. Demand siders seek to identify economic, organizational, and social
structural factors that influence and encourage (or discourage) entrepreneurial activity.
They attempt to link rates of entrepreneurial activity with, for example, the logic of
class conflict in capitalist society,*® organizational forms and processes,”’ structures of
social networks,38 concentrations of investment capital,39 conditions in stock and
business acquisition markets,”’ etc. The aim is specify the conditions that provide

persons or groups with entrepreneurial opportunities and resources required to take

3% Maurice H. Dobb, “The Entrepreneur Myth,” pp. 3-15 in On Economic Theory and Socialism:
Collected Papers, London: Routledge & Kegan Paul, 1955; Karl Marx, Capital, Vol. 1, trans. Ben
Fowkes, New York: Vintage Books, 1977.

37 Jeffrey G. Covin and Dennis P. Slevin, “A Conceptual Model of Entrepreneurship as Firm Behavior,”
Entrepreneurship: Theory & Practice 16, 1991: 7-25; John Freeman, “Entrepreneurs as Organizational
Products: Semiconductor Firms and Venture Capital Firms,” Advances in the Study of
Entrepreneurship, Innovation, and Economic Growth 1, 1986: 33-52.

3% Ronald S. Burt, Structural Holes: The Social Structure of Competition, Cambridge, MA: Harvard
University Press, 1992,

% Richard L. Florida and Martin Kenney, “Venture Capital-Financed Innovation and Technological
Change in the U.S.A,” Research Policy 17, 1998: 119-137; Richard L. Florida and Martin Kenney,
“Venture Capital, High Technology, and Regional Development,” Regional Studies 22, 1998: 33-48.

0 Michael A. Hitt, Robert E. Hoskinson, Richard A. Johnson, and Douglas D. Moesel, “The Market for
Corporate Control and Financial Innovation,” American Management Journal 39, 1996: 1084-1119.
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advantage of them. They assume that their investigations of concrete situated actions
will show that the conditions of entrepreneurship are variable and subject to change,
and will allow them to track the ways in which successful entrepreneurial innovations
feed back into and reshape social environments.

The classical demand side analysis of entrepreneurship was provided by Karl
Marx. For Marx, innovative enterprise is explained by the inexorable historical
workings of the social and economic logic of capitalism. According to Marx, modern
forms of private property, technological innovation, and entrepreneurship all emerged
simultaneously with the historical formation of the bourgeois and proletarian social
classes and the capitalist mode of production in Western Europe. His was a fully
systemic explanation. The capitalist system demands that individuals participate — as
a matter of economic survival — in the continual refinement of production techniques,
the creation of profits, the generation of economic growth, and the concentration of
capital. The class situation of individuals determines the particular roles that they play
in these processes. Members of the bourgeois class are compelled by material
interests to act as entrepreneurs (just as proletarians are compelled to sell their labor
power). Capitalist entrepreneurship consists in the organization, control, and
exploitation of materials and labor in ways that contribute to the accumulation of
capital. In Marxist economics, no other explanation for innovative enterprise is
necessary.

Most demand side analysts consider the Marxist approach to be too simplistic.
Clearly, certain conditions and circumstances within capitalist economies favor

technological and organizational innovations and the emergence of new firms, while
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others inhibit this kind of growth. In order to investigate entrepreneurial responses to
dynamic and emergent social and economic conditions in particular cases and
circumstances, many demand siders have adopted a ‘situational’ approach. For
example, in a widely influential paper, William P. Glade proposed that the best way to
understand innovative enterprise is to examine the specific economic, organizational,
institutional, and political conditions that, for situated individuals and groups,
comprise a field of action. Fields of this kind dictate a range of possible forms that
entrepreneurial behavior can take.*' Actual entrepreneurial actions, says Glade, are
configured, at any given point in time, by objective opportunity structures. The
choices available to actors within these structures are transformed as environments
change. Empirical instances of entrepreneurship will vary in form, depending on the
circumstances, but they can always be understood, in part, as results of context-bound
choices. The job of the researcher, then, is to audit in detail the concrete choices made
by entrepreneurs, and to discern precisely how these choices were shaped or
constrained by entrepreneurs’ circumstances.

Lately, broadly similar evolutionary and ecological approaches have become
popular among demand side analysts.*? Like Glade, these analysts hold that
entrepreneurship cannot be precisely defined, but can be understood by clarifying how

entrepreneurial behaviors fit into and are shaped by dynamic environments. They

*! William P. Glade, “Approaches to a Theory of Entrepreneurial Formation,” Explorations in
Entrepreneurial History 4, 1967: 245-259.

2 Sidney M. Greenfield and Arnold Strickon, “A New Paradigm for the Study of Entrepreneurship and
Social Change,” American Journal of Sociology 87, 1981: 467-499; Sidney M. Greenfield and Amold
Strickon, Entrepreneurship and Social Change, Lanham, MD: University Press of America, 1986;
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dismiss, however, Glade’s notion that the fields of action on which entrepreneurs
operate can be fixed for analysis and called ‘structured’ or ‘objective.” They adopt a
more processual view. Evolutionary and ecological approaches assume that
entrepreneurship is a phenomenon that emerges as the result of ongoing interactions
between entrepreneurial projects, on the one hand, and the environments in which
these projects are undertaken, on the other. In this kind of analysis, neither structure
nor action is determinative. The weight of explanation is delegated instead to
interactions between behaviors (individual and collective) and environments that
either smile or frown on them. The process of economic innovation is conceptualized
as one in which dynamic contexts shape situated actions, and, simultaneously, one in
which situated actions shape dynamic contexts.

In evolutionary and ecological approaches, there has been a shift away from
detailed investigations of specific entrepreneurial behaviors toward the computation of
‘rates’ of entrepreneurial or innovative activity.”> Populations of firms are often
selected as units of analysis. The aim is derive general statements about the kinds of
interactions that constitute or prevent innovative growth in organizational ecosystems.
For example, 1t may be that in certain environmental processes, small firms tend to be
‘fittest,” to prove more ‘adaptive,’ or to exhibit greater ‘functionality.” In other

environments, innovations sponsored by large corporations may tend to flourish while

Michael T. Hannan and John Freeman, Organizational Ecology, Cambridge, MA: Harvard University
Press, 1989.

* Howard E. Aldrich, “Using an Ecological Approach to Study Organizational F ounding Rates,”
Entrepreneurship: Theory & Practice 14, 1990: 7-24; Howard E. Aldrich and Gabriele Wiedenmayer,
“From Traits to Rates: An Ecological Perspective on Organizational Foundings,” Advances in
Entrepreneurship, Firm Emergence, Growth 1, 1993: 145-195.
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those introduced by smaller competitors flounder. Evolutionary and ecological
analysts maintain that, in order to find out what kind of environment one is dealing
with, and what kinds of interactions and entrepreneurial projects are favored within it,
it is necessary to identify abstract statistical patterns of successes and failures. These
are taken to indicate general evolutionary principles that account for the environmental
selection of certain kinds of innovations and the environmental withering of others
within definite temporal, geographic, and social boundaries.
THE EMBEDDEDNESS OF ENTREPRENEURSHIP

Evolutionary and ecological approaches have been criticized on the grounds
that they lack a theory of agency. Confining their empirical focus to the features of
organizational populations and the processes that characterize them, they tend to
neglect the substance of entrepreneurial actions undertaken by persons, and so, often
fail to credit as causal factors the unique contributions that entrepreneurial people
make to processes of innovation. What ultimately distinguishes an entrepreneurial
success from an entrepreneurial failure in the ecological ‘paradigm’ is environmental
selection, and not the ingenuity, judgment, or skill of the entrepreneur. The main
theoretical point of evolutionary and ecological approaches, as far as individuals are
concerned, is that timing and luck are as important to success in specific instances, and
sometimes more important, than individual skill, judgment, or perseverance, for these
do not guarantee success. For firms, the lesson is that the ecological fit of an
organizational form determines outcomes rather than the form itself, for the efficacy or

functionality of such characteristics are variable and context-dependent.
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Demand side approaches have remedied some of the problems associated with
supply side accounts, but they have not managed to produce a wholly satisfactory
portrait of entrepreneurship, one that captures all of the empirical complexities of the
phenomenon. In Patricia Thornton’s view, both supply and demand-side explanations
of entrepreneurship tend too often toward reductionism. For this reason, she suggests
that the way forward for social studies of entrepreneurship in the present is to develop
integrative approaches that make use of insights derived from both supply and demand
side inquiries, while avoiding the sins of omission that each commits. Thornton’s
recommendation is to consider the ‘embeddedness’ of entrepreneurial actions and
practices in webs of social relations without granting special explanatory privilege to
either psychological or cultural antecedents of entrepreneurship, situated
entrepreneurial plans and actions, or contextual factors that enable and constrain
entrepreneurial efforts.* In other words, she urges analysts to treat entrepreneurship
as both a ‘dependent’ and ‘independent’ variable. She points out that it is possible to
examine simultaneously how entrepreneurship arises, as Brigitte Berger writes, from
“a tangled web of demographic, legal, technological, material, ideational, and cultural
influences,” how circumstances define the forms and consequences of
entrepreneurial decisions and actions, and also how particular entrepreneurial actions

impact, sometimes dramatically, the environments in which they appear.

* Patricia H. Thornton, “The Sociology of Entrepreneurship,” Annual Review of Sociology 25, 1999:
19-46; p. 23-41; Mark S. Granovetter, “Economic Action, Social Structure, and Embeddedness,”
American Journal of Sociology 91, 1985: 481-510.

* Brigitte Berger, “Introduction,” pp. 1-12 in The Culture of Entrepreneurship, ed. Brigitte Berger, San
Francisco, CA: ICS Press, 1991; p. 2.
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As an example of a study of ‘embedded’ entrepreneurship, Thornton cites a
report on U.S. semiconductor start-ups conducted by Eisenhardt and Schoonhoven.*®
In this work, the authors analyzed various dimensions of high-tech entrepreneurship,
including elements of entrepreneurial formation (how entrepreneurs’ backgrounds,
prior work experiences, and social ties contributed to a supply of willing and able
venturers in the semiconductor industry); elements of entrepreneurial action (the
practical strategies that individuals and groups employed in order to establish new
companies); as well as the impacts of broader environments in which the start-ups
emerged (i.e., the ways in which institutional and economic contexts affected the
organizational forms, tasks, and prospects of the new ventures). The agenda in studies
of this kind is not to explain entrepreneurial formation, entrepreneurial behaviors,
contexts of entrepreneurial action, or their interrelations. If the notion of
‘embeddedness’ is taken seriously, then the way to proceed with investigations of
entrepreneurship is instead to chronicle and understand how entrepreneurial processes
unfold. In the course of investigating the emergence of entrepreneurial ventures from
this perspective, analysts can address demand side concemns by asking ‘How, under
specific conditions, have people gone about achieving entrepreneurial success (or how
did they fail to do s0)?’ They can also ask and answer supply side questions about
entrepreneurial formation, e.g., ‘How did particular individuals and groups become
capable of doing such things?’ These are the questions asked in this study of San

Diego biotechnology.

% Kathleen M. Eisenhardt and Claudia Bird Schoonhoven, “Organizational Growth: Linking Founding
Teams, Strategy, Environment, and Growth Among U.S. Semiconductor Ventures,” Administrative

Science Quarterly 28, 1990: 274-291.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



166

HERMENEUTICS AND ENTREPRENEURSHIP

The aim of this dissertation 1s to examine the concrete substance of
entrepreneurial formation and entrepreneurial action. If an articulated theoretical basis
is wanted for studying entrepreneurship in this way, economist Don Lavoie has
provided one.*’” Lavoie endorses, in a qualified manner, the subjectivism of the
Austrian School economists. The subjectivist approach is a reaction against classical
economic theory. The Austrians rejected the basic classical assumption that economic
action consists in choices made within objective opportunity structures by perfectly
informed individuals. The Austrian alternative assumes the following: in real life
economics, actors are not perfectly informed; some know more than others, and none
knows all. Obviously, there are incentives to search for information; those who
discover first what was previously unknown about a market enjoy an economic edge.
Those who move to exploit such advantages are called entrepreneurs. The Austrians,
unlike classical theorists, considered entrepreneurial action a central motive force in
the economic process. Lavoie concurs with the Austrians on this much, pointing out
that human ingenuity, innovative entrepreneurship, and economic change are either
misrepresented or simply inexplicable within the classical framework:
“Entrepreneurship,” he says, “should include genuine novelty and creativity and

should not be rendered as a mechanical search for pre-existing profit opportunity.”*®

" Don Lavoie, “The Discovery and Interpretation of Profit Opportunities,” pp. 33-51 in The Culture of
Entrepreneurship, ed. Brigitte Berger, San Francisco, CA: ICS Press, 1991.

* Don Lavoie, “The Discovery and Interpretation of Profit Opportunities,” p. 36.
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Lavoie eventually parts company with the Austrians, however, and, in
particular, with Israel Kirzner’s theory of entrepreneurship, on methodological and
epistemological points. Kirzner described alertness to profit opportunities as the
defining feature of entreprencurial action. A thorough empirical account of
entrepreneurship, on Kirzner’s view, must represent this quality by referring to the
situated knowledge, plans, and perceptions of the individual subject. For Lavoie, this
bit is unobjectionable. However, in Kirzner’s theoretical scheme, when alertness has
been illuminated in this way — i.e., in terms of individual cognition — then, for the
economist’s purposes, the account is sufficient and complete. Lavoie disagrees. He
rejects this kind of methodological individualism and notes that the Austrian approach
is premised on an empiricist epistemology. The Austrians assumed that objective
economic opportunities await discovery by alert individuals, much like seashells,
bottles, or pieces of driftwood thrown up on beaches. Entrepreneurs simply find them
first — because they are alert — and act to profit from them. Against this interpretation,
Lavoie argues: “Most acts of entrepreneurship are not like an isolated individual
finding things on beaches; they require efforts of the creative imagination, skillful
judgments of future cost and revenue possibilities, and an ability to read the
significance of complex social situations.”*

To theorize creative, skillful, and meaning-laden efforts of this kind, Lavoie
adopts a hermeneutic approach. He argues that market opportunities reside in the
midst of concrete historical and cultural processes, that they are defined by their

situations in these processes, and that because this is so, discovering an opportunity

* Don Lavoie, “The Discovery and Interpretation of Profit Opportunities,” p. 44.
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entails much more than simply perceiving it. According to Lavoie, market discovery
consists in understanding what an opportunity means in relation to numerous
surrounding spheres of action and constellations of meaning. (For biotech
entrepreneurs, the relevant spheres of action and constellations of meaning are
scientific disciplines, universities, the pharmaceutical industry, medicine and the
health care delivery system, the venture capital business, the stock market, and
government regulatory agencies, among others).”® Only by being informed generally
about what is possible and probable within established patterns of meaningful conduct
relevant to an opportunity or an imagined enterprise can an alert entrepreneur begin to
understand what has been found and what can be done with it. Without interpreting
found opportunities in this way, it would be impossible to see the potential for profit in
them. For Lavoie, entrepreneurial discovery is an interpretive process:

...this reading of profit opportunities necessarily takes place within a

larger context of meaning, against a background of discursive practices,

a culture. That is to say, entrepreneurship is not so much the

achievement of the isolated maverick who finds objective profits others

overlooked as it is of the culturally embedded participant who picks up

the gist of a conversation.”'

In effect, for the subjectivism of the Austrian School of economics, Lavoie
substitutes the ‘intersubjectivism’ of interpretive sociological approaches. This
prescription provides a theoretical entrée to the concrete social, cognitive, and moral

elements of entrepreneurship that sociological variable analyses have trouble

representing. From an interpretive sociological point of view, it is evident that a large

5% | discuss these broad historical, cultural, and social-structural contexts of bioscientific
entrepreneurship at length below, in chapters three and four.

> Don Lavoie, “The Discovery and Interpretation of Profit Opportunities,” p. 36.
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part of entrepreneurship consists in learning about social things, in working with
people, making judgments about people, and soliciting faith and goodwill from
people. Entreprencurs everywhere are obliged, if they are to be successful, to
persuade others to join in their projects, to base their business decisions on practical
knowledge of human beings and social processes, and to establish and sustain
relationships of trust and exchange. Lavoie’s interpretive theory of entrepreneurship
is a sociological theory. It calls implicitly for empirical sociological investigations of
entreprencurial formation, entrepreneurial behavior, and entrepreneurial contexts
together as constitutive elements of the entrepreneurial process. Its conceptualization
of entrepreneurship as a process in which social learning figures prominently is a tacit
endorsement of historical and ethnographic research on entrepreneurial careers and the
collective actions-in-context that comprise entrepreneurial projects.

The notion that only historical inquiries can yield substantive understandings
of entrepreneurship was first and influentially advanced long ago by Schumpeter.
Consequently, all historical studies of entrepreneurial innovation that focus on actions
and persons can be called ‘Schumpeterian,’ in some sense. Yet, Schumpeter
contrasted creative action and entrepreneurial values with pure rational calculation,
and with the conservative attitudes of the manager. This view encourages certain
misunderstandings about entrepreneurship. Following this familiar line of thinking,
academic analysts have rarely questioned the notion that the tasks, mind-sets, and
ways and means of entrepreneurs (whether conceptualized as causes, effects, or as
‘socially embedded’ phenomena) are fundamentally different than those of managers

and accountants (who are often caricatured as inveterate order-keepers).
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Entrepreneurs innovate and create, it is said; they break molds and disregard rules.
Managers and accountants, on the other hand, conserve and control; they operate
within the confines of established hierarchies. They aim to preserve order by
following and enforcing rules. Lavoie’s approach suggests a way to reconceptualize
this contrast, to break down the dichotomy between entrepreneurship, on the one hand,
and management and accounting (along with other forms of routine profiteering), on
the other, and to demystify entrepreneurial action.

Entrepreneurs, says Lavoie, join in social conversations in order to make things
happen. The same can be said of managers. The successful manager listens to the
desires, complaints, and demands of existing and potential employees and tries to
shape an attractive work environment that will persuade new workers to sign on and
old ones to stay, and to contribute their energies and skills to production. The
successful manager listens to the plural discourses that constitute dynamic
organizational processes and tries to establish and maintain workable interfaces
between intraorganizational groups. Managers do this in order to protect subordinates,
cooperate with horizontal peers, and satisfy superiors. They typically attempt to
harmonize the interests and ends of people situated variously in their organizations,
and elsewhere, too. Entreprencurs and managers have different concrete goals and
they are obliged to converse with different groups in order to accomplish them, but, in
the abstract, as Lavoie has conceptualized it, entrepreneurship and management both
consist in talking, listening, and acting in ways that are sensitive to the character and
substance of ongoing social processes. They both require the same sort of creative

participation in social interactions. What makes both entrepreneurs and managers
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successful (along with a bit of luck) is their ability to join social conversations and
nudge them in desired directions.

Many students of entrepreneurship have too readily accepted the idea that, in
relation to other forms of activity (and management is often offered as a prime
example), there is something special and extraordinary about entrepreneurial behavior.
They often assume that some intrinsic quality distinguishes entrepreneurial action
from ordinary action. Certainly, when entrepreneurs succeed, observers may interpret
their successes as special, admirable results. They may value highly what
entrepreneurs accomplish, and they may applaud economic and social changes
engendered by entrepreneurial efforts. It is a mistake, however, to assume that
innovative projects can be accomplished only by extraordinary means and
extraordinary people.”> Some supply side theories of entrepreneurship do just this. In
order to explain the emergence of innovative enterprises, they attempt to formulate
some distinctive ‘essence’ of entrepreneurship. To account for innovative behaviors,
they often resort to talk about ineffable qualities of the entrepreneur — e.g., ‘vision,’
‘spirit,” or ‘drive.” It is not necessarily wrong to impute special personal qualities to
individuals basking in the glow of success. They may well possess some. However,
while entrepreneurship may be, by definition, innovative, it is still possible to
appreciate the results of successful entrepreneurial efforts without concluding that they

must have been produced by a special kind of action or a special kind of person.

32 The idea that entrepreneurial discovery, while innovative, is still an ‘ordinary’ activity resonates with
recent claims made by sociologists of science to the effect that scientific discovery, another form of
innovative action, is likewise ‘ordinary.” See Michael Lynch, Scientific Practice and Ordinary Action:
Ethnomethodology and Social Studies of Science. Cambridge: Cambridge University Press, 1993.
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It is easy, with talk about such things as vision, spirit, and drive, to fashion
misleading representations of entrepreneurship and entrepreneurial persons. Aldrich
and Fiol, for instance, note that imputations of special powers to entrepreneurs in cases
of success are dependent on prior imputations of ordinary qualities (or worse) when
outcomes were uncertain. Before they have demonstrated their capacities to create
despite forces of inertia or purposeful resistance working against them, entrepreneurs
can seem foolhardy:

From an institutional and ecological perspective, founders of new

ventures appear to be fools, for they are navigating, at best, in an

institutional vacuum of indifferent munificence and, at worst, in a

hostile environment impervious to individual action. In addition to the

normal pressures facing any new organizations, they must also carve

out a new market, raise capital from skeptical sources, recruit untrained

employees, and cope with other difficulties stemming from their

nascent status.”

Some entrepreneurs may be fools, but not all are. This general characterization
appears reasonable only when the practical work that entrepreneurs do and the
practical knowledge that they employ to do it are overlooked. Certainly, if one
estimates the magnitude of entrepreneurial tasks without also assessing the resources
that entrepreneurs can muster and the strategies that they can devise to accomplish
them, then obstacles in paths to profit may appear insurmountable. In the event that
entrepreneurs do, in fact, overcome such obstacles, if distant observers are not aware

of how they managed to do it and who helped them, then their successes can appear

miraculous. But individual entrepreneurs do not start from nowhere. Usually, when

% Howard E. Aldrich and C. Marlene Fiol, “Fools Rush In? The Institutional Context of Industry
Creation,” Academy of Management Review 19, 1994: 645-670. Aldrich and Fiol do not believe that
entrepreneurs are fools. They emphasize that entrepreneurs must secure social legitimacy for their
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they undertake a venture, they already possess funds of knowledge, material resources,
and social connections that they can summon to confront some of the challenges that
they have posed for themselves. Sometimes these funds may be insufficient. Surely,
many entrepreneurs overestimate their chances, or plainly have not amassed necessary
knowledge or information, or secured access to resources that they will need. These
persons can rightly be called foolhardy. Still, when ventures succeed, unless one has
examined closely just how entrepreneurs achieved their ends, it is gratuitous to say
that only extraordinary persons could have defeated the traps and obstacles in their
paths. When analysts neglect the practical social engineering that entrepreneurs must
undertake — 1.e., mobilizing the necessary social, economic, and political support,
usually from a wide variety of sources — they tend to portray entrepreneurs as reckless
gamblers or charismatic movers and shakers. Some individual entrepreneurs may be
reckless, and some may be charismatic, but this kind of talk glosses over the substance
of entrepreneurship and over the practical sense embedded in the situated plans and
actions that entrepreneurs formulate and carry out in order to tackle the difficult and
uncertain tasks of innovative enterprise.

I think it is reasonable to start, as does Lavoie, from the assumption that most
entrepreneurs — or, at least, most of those who actually get started — are not foolish, but
rather knowledgeable. If this is right, then understanding entrepreneurial projects
requires learning what entrepreneurs are knowledgeable about, and how they become

knowledgeable. From this perspective, empirical research on entrepreneurship ought

projects in order to succeed — so, from their perspective, entrepreneurs become geniuses only when they
win, and fools only when they lose.
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to focus on just how entrepreneurs become informed about the practical tasks that they
take on, and just how in practice they employ lessons derived from experience in order
to accomplish their tasks. Lavoie does not talk about special qualities of innovators.
He gives no reason to doubt that individual entrepreneurs are often perceptive,
enthusiastic, and determined, but his theory suggests, in effect, that when
entrepreneurs succeed, it is usually because they know what they’re doing. In his
view, the substance of entrepreneurship is informed participation in social processes.
Entrepreneurs, according to Lavoie, prosper by learning about and coming to
understand the logics of numerous social processes unfolding around them. They
utilize social knowledge derived from practical experience to formulate effective
strategies and plans and carry them through.
So, when entrepreneurs achieve their goals, it is not necessarily because they naturally
have better eyes or noses for profits than do others, or because they can somehow
sense the future whereas others cannot or do not, or because they persevere in
circumstances that would cause lesser souls to give up. It is because, by virtue of their
experience in the social world around them, they can see what needs to be done in the
present, and, by virtue of the connections that they establish in the social world around
them, they are able to do it. Of course, some entreprencurial successes may be due
primarily to dumb luck, but only rarely do people succeed at complex tasks if their
decision-making is erratic or based consistently on faulty presuppositions.

Lavoie declines to talk about entrepreneurial vision, spirit, and drive because,
in his view, these perceived qualities of persons or minds do not get things done.

These terms are not descriptions of entrepreneurial actions. They are individualizing
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post hoc explanations, and not very enlightening. Vision, spirit, and drive — whatever
they may be meant to indicate — do not accomplish emergent economic,
organizational, and technological objectives or bring to completion the development
and marketing of new goods and services. Concrete entrepreneurial work has to be
done in order to achieve these ends, and this work is always social in character. It is
conducted on social fields of cooperation and conflict. It involves communicating
ideas, recruiting allies, making commitments, fighting political battles, and negotiating
compromises. In this wayi, it is no different than any other kind of organizational
work. Entrepreneurial action is not mysterious or extraordinary. It is ordinary social
action, and it can be readily understood. The way to understand it is plain. Once the
idea that entrepreneurship is ‘embedded’ in culture and social processes is accepted as
a conceptual guide for research, then actual empirical instances of entrepreneurship
begin to cry out for historical and ethnographic description. In the study of
entrepreneurship, ethnographies and historical narratives can lend concrete substance
to otherwise occult phrases like ‘entrepreneurial vision,” ‘entrepreneurial spirit,” and
‘entrepreneurial drive.’

The same is true of properly sociological concepts like ‘entrepreneurial
leadership.” Schumpeter, for one, understood leadership to be a central component of
the entrepreneurial function.* What entrepreneurs do, in his view, is show others the
way to technical and social innovations. This is a distinctly soctological

conceptualization. Leadership (of any sort) is a constitutively social and

54 See Joseph A. Schumpeter, “The Creative Response in Economic History,” ch. 18 in Essays: On
Entrepreneurs, Innovations, Business Cycles, and the Evolution of Capitalism, ed. Richard V.
Clemence, New Brunswick, NJ: Transaction, 1989.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



176

organizational phenomenon, an interactive accomplishment. This is so because, as a
matter of both semantic logic and social grammar, leaders require followers. They
must persuade or compel others to cooperate with them, take direction from them, or
support them. These are social tasks, and leadership is success in them. It is emergent
and relational in character, and so, not adequately understood or described as a
personal quality or ability.”® The question for sociologists to ask, then, about the
phenomenon is ‘how do leaders lead?” The way to answer this question empirically is
to consider instances of leadership in social, cultural, and historical context. In order
to understand leadership as a social product, researchers must make sense of it in
terms of the social relations that characterize it in specific times and places. They
must describe concrete social relations between leaders and followers. They must
learn what it means to lead or follow in a given social setting, and what people must
know or believe about their circumstances in order to act and be counted as leaders or
followers. Lavoie’s hemeneutic theory provides conceptual means for treating
‘entrepreneurial leadership’ sociologically; ethnographic and historical methods are
appropriate means of documenting it empirically.
ENTREPRENEURIAL CHARISMA

Charisma is a similar concept sometimes associated with entrepreneurship. It
is a form of leadership, and one of the possible answers to explore when researchers

ask ‘how do entrepreneurs lead?’ Following Max Weber’s classic writings on the

*> Many academic investigations of leadership have wandered down this blind alley. For a brief review
and criticism of the interdisciplinary field of leadership studies, see Jacob Heilbrunn, “Can Leadership
Be Studied?” Wilson Quarterly 18, 2, Spring 1994. For an even more scathing assessment, see
Benjamin DeMott, “Choice Academic Pork: Inside the Leadership Studies Racket,” Harper's Magazine,
1993, December, 61-77.
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topic, sociologists generally consider charisma, like other types of leadership, to be a
property of social contexts and interactions rather than individuals. They treat it as an
organizational phenomenon. On the Weberian view, charisma appears in the world
when people follow and obey another because they perceive in their leader special
qualities or powers. These perceived qualities or powers serve to legitimate the
leader’s authority, while inspiring confidence, loyalty, and, if the charisma is
sufficiently pure, personal devotion. For disciples and subjects, charisma appears to
be embodied in the person of the leader, but Weber emphasized that it inheres in the
relationship between leader and followers. The figure of authority may or may not be
extraordinary, in fact, but what matters is that followers believe it to be so. If they
believe, they are duty-bound to follow and obey, and as long as they do, the
charismatic figure retains authority.

In Weber’s analysis of types of legitimate authority, charisma is a residual
category used to classify emotional attachments and moral or ideological
commitments when found at the heart of relations of authority. It is Weber’s default
explanation for instances in which people voluntarily obey the commands of a leader
but are not obliged by custom or law to do so (and maybe are even forbidden by
custom or law to do so). The concept may have some utility in accounting for the
‘non-rational’ aspects of entrepreneurship and entrepreneurial organizations.
Entrepreneurship is creative and innovative. It does not conform to any established
pattern of action, at least not wholly, and the specific innovative activities that
distinguish it from other forms of action are not bound by any set of formal rules. To

this extent, it appears that entrepreneurial venturing displays the hallmarks of
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charismatic leadership, and has a place in Weber’s typology. Strictly speaking,
however, entrepreneurial leadership is not charismatic, because, in order to achieve
success, entrepreneurs must establish stable, materially productive organizations.
True charismatics, as Weber conceptualized them, do not. According to Weber,
charisma “is not an ‘institutional’ and permanent structure, but rather, where its pure
form is at work, it is the very opposite of the institutionally permanent.”¢
Entrepreneurs are preoccupied with worldly things, with conducting business;
Weber’s charismatic leaders cannot be: “the master as well as his followers and
disciples must stand outside the ties of this world, outside of routine occupations....””’
Entrepreneurs pursue profits, but Weber maintains that charisma, in its ‘pure’ form, “is
never a source of private gain for its holders in the sense of economic exploitation by
the making of a deal.”®

Weber’s charisma is revolutionary. It serves as the foundation for fundamental
transformations in social order. Entrepreneurs are not revolutionaries. Rather, they
are creators. They build organizations, businesses. They do not necessarily spark
‘paradigm shifts’ in patterns of fundamental thought or action. Their work is different
in character than that of discoverers, inventors, or political radicals who battle to have

unorthodox ideas accepted within scientific disciplines, established industries, or

firmly institutionalized social structures. Entrepreneurs usually don’t have to wrest

%6 Max Weber, “The Sociology of Charismatic Authority,” pp. 245-252 in From Max Weber, eds. H.H.
Gerth and C. Wright Mills, New York: Oxford University Press, 1946; p.248.

7 Weber, “The Sociology of Charismatic Authority,” p. 248.

% Weber, “The Sociology of Charismatic Authority,” p. 247.
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power and control from the hands of others. They usually don’t have to change hearts
and minds in order to win them. Typically, it is sufficient for them to make appeals to
material and ideal interests that people already hold. It is enough for entrepreneurs,
usually, to convince investors and collaborators that if they lend their support and
assistance, the project will be successful, new opportunities will subsequently open up,
and everyone will make a lot of money. This is the work of the shrewd politician,
organizer, or businessperson, not the charismatic revolutionary.”® Revolutionary
activity entails not only persuading people to start doing new things, but also
convincing them to abandon old ways, and to embrace new values and ideals. People
who attempt this sort of thing often run up against concerted opposition as well as
inertial resistance, and they often have to resort to extraordinary moral or emotional
appeals to rally the troops. Entrepreneurs generally try to avoid conflicts, because, for
them, there’s not likely to be profit in it, and when they take time off from pragmatic
deal-making to dabble in ideology and rhetoric, their strategies are usually more
conventional and subdued.

The biotechnology industry has not made a lot of ‘great men’ (or women). It
doesn’t have a mesmerizing champion to represent it or a single grand personage to
symbolize its mission. It is populated by intelligent, knowledgeable, and skillful
people, many of whom can claim impressive achievements, but the industry’s

innovative organizational forms are not products of individual will or charismatic

> Entreprencurs usually have little interest in challenging power. Typically, they court power. In
order to be successful, they usually have to convince wealthy individuals and/or big, powerful
institutions (or their agents, at least) to let go of large sums of money. The degrees of difficulty that
characterize this maneuver vary, but only rarely is it easy.
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subversion. They emerged more by accident than by design, as novel recombinations
of preexisting organizational models and customs. Without minimizing the
accomplishments of biotech entrepreneurs, if one wishes to celebrate entrepreneurial
heroes, perhaps the place to find them on the passing scene is not in start-up
companies but rather within large, firmly entrenched bureaucratic organizations.
Prospects for attempts to decentralize bureaucratic operations and reconstruct ossified
chains of command are enhanced if the clerks believe that the reformer can work
magic or 1s destined for greatness. Biotech entrepreneurs have created new
organizations in empty spaces. This is no mean feat, but it doesn’t necessarily require
extraordinary powers. Reforming a bureaucracy is perhaps the more difficult task, and
the greater test of a leader’s charisma. Moreover, directing a biotech start-up calls for
few awe-inspiring deeds. A lot of time is spent on the telephone. It may be exciting,
sometimes, and it may earn admiration and respect, but it doesn’t provide many
opportunities for displaying one’s heroism or supernatural gifts. Much of the day-to-
day business of running a biotech company involves measuring hazards and
calculating risks to the extent that time and money will permit. It isn’t glamorous. It’s
chancy, to be sure, but while biotech entrepreneurs put huge sums of money in harm’s
way, the more daring risk-takers by far in terms of personal livelihood are small
business people across the country, people without much money or power who
mortgage their homes, their families, and their futures for a shot at self-employment.
Biotech entrepreneurs cannot be classified as pure charismatics, but the
concept may still have some utility for understanding the ways in which they do their

work and accomplish their ends. Weber’s categories represented ideal types, and he

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



181

cautioned that, in practice, examples of pure forms of traditional, legal-rational, or

charismatic authority would be unusual.®’

Most empirical examples of authority or
leadership combine elements of the three types in varying proportions, and because
charisma is antithetical to custom and law, it struggles constantly against dilution and
degradation by countervailing organizational and institutional forces. Emotional and
ideal ties to modern leaders and modern institutions tend to be relatively weak, in part
because the formation of charismatic movements is inhibited by the remarkable size,
strength, and stability of bureaucratized social orders, and when charisma does erupt
in this kind of social milieu it is usually tamed and ‘routinized’ before the rule of law
and convention has been threatened. “In the long run,” Weber explains, “the
continuity of professional operations is tactically superior to emotional worship. Only
extraordinary conditions can bring about the triumph of charisma over organization.”'
Weber suggests that, most of the time, charisma will be of limited explanatory value
when considering the constitution of modern social order. Still, scholars in science
studies have proposed lately that potent forms of charisma survive in contemporary
settings, including institutions that, on the surface of things, might be assumed to be

among the most rationalized spheres of modern social life — namely, science and

technology. They liken scientific and technological projects to charismatic orders, and

 Max Weber, Economy and Society, Vol. 1, eds. Guenther Roth and Claus Wittich, Berkeley, CA:
University of Califorma Press, 1978; p. 216.

1 Max Weber, Economy and Society, Vol. 2, eds. Guenther Roth and Claus Wittich, Berkeley, CA:
University of California Press, 1978; p. 1132.
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argue that the spirit of inquiry, innovation, and progress can be (and, perhaps, must be,
to some extent) embodied in the person of an extraordinary leader.®

Perhaps they are right. If so, the value of the concept of charisma as an
interpretive guide in the study of the biotechnology industry lies with the manner in
which it draws attention to individual personalities, and the ways in which
personalities figure in the constitution, maintenance, and transformation of social
order. On the Weberian view, charisma is a property of social relations, so it would be
wrong-headed to elaborate the concept by cataloguing the ‘special’ characteristics of
charismatic leaders that elicit fealty and obedience. However, attributing ‘special
qualities’ to particular persons engaged in entrepreneurial activities in particular
instances is not the same as claiming that these qualities are essential, defining
features of ‘the entrepreneur,’ or of entrepreneurial leadership. Further, making
attributions of this kind when persons appear, in fact, to possess notable traits or
styles, or when they are said by others to possess them, can be a useful means of
explaining, in part, the histories of entrepreneurial enterprises or entrepreneurial
cultures.

Entrepreneurial leaders may well exhibit distinctive personal characteristics
that figure in the success (or failure) of the innovative organizational work that they

undertake. Acknowledging the fact need not stand as an endorsement of

¢ Donald MacKenzie tells how Seymour Cray’s personal mystique contributed to technological
successes in the supercomputer business. See Donald MacKenzie (with Boelie Elzen), “The
Charismatic Engineer,” ch. 6 in Knowing Machines: Essays on Technical Change, Cambridge, MA:
MIT Press, 1996. Charles Thorpe and Steven Shapin nominate the presence of J. Robert Oppenheimer,
the scientific director of the Manhattan Project’s Los Alamos laboratories, as an exceptionally powerful
organizational and political force embodied in a person. See Charles Thorpe and Steven Shapin, “Who
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psychologism or individualism. Individuals in positions of authority will naturally
adopt personalized approaches to their work, and when they manage consistently to
lead, to create and sustain an organization, or to improve the performance of an
organization, their leadership styles may have a lot to do with their success. These
styles can appear to be associated with fixed psychological predispositions or elements
of personality, but they can also be interpreted as products of definite times and
places, of social processes that define structures of authority, and of relationships
among persons and groups within these social structures. In other words, it is not
individual qualities, per se, that make the difference, but individual qualities as they
are shaped by, and as they take on significance within, specific social and historical
contexts. Leadership and charisma (like identity, or any other relational social quality
of an individual) result from a match between the person and the demands of the
moment as their forms are negotiated in social processes.

Of course, circumstances and historical and cultural particularities dictate
ranges of possible expressions of charisma. Charisma is marked empirically by the
obedience and devotion of subjects. The strength of followers’ commitments may
vary in intensity and kind, depending on social conditions and expectations. An
ecstatic seizure that served as evidence of the Nordic berserk’s extraordinary gifts (to
borrow one of Weber’s examples) would not likely command much allegiance or
compliance in San Diego today, and little of the difference in reception could be put

down to the quality of the demonstration. By contrast, an archetypal modern

Was J. Robert Oppenheimer? Charisma and Complex Organization,” Social Studies of Science, 30, 4,
2000: 545-590.
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charismatic is perhaps the solicitous boss for whom affectionate employees vow they
would ‘climb mountains’ or ‘walk over hot coals.” They likely wouldn’t, of course,
without the offer of a raise first, but statements of this kind, if genuine, indicate a
measure of devotion to the person that extends beyond the call of duty as specified by
convention or job description. The qualities that endear managers to subordinates are
real organizational forces.” They are not just incidental, and because they elicit
emotional attachments, they can be classed as charismatic dimensions of the official’s
authority. But under ordinary conditions in large, bureaucratized corporate structures,
this kind of feeling for the boss may exhaust the possibilities for charismatic
leadership.

In any case, whenever and wherever charisma appears in particular instances,
personal qualities (and social actions expressing them) are important. It is probably
safe to assert that, in order to lead effectively, a person must be perceived, minimally,
as capable and up to the challenge, whatever that might entail in particular instances.
Beyond this, a broad range of personality profiles or leadership styles might be
counted as charismatic under the right circumstances. One effective leader might be
bold, arrogant, and confrontational; another might be equally effective by playing
gentle, humble, and charming. One might be admired for displaying exuberance,
intensity, and drive; another might impress by remaining calm, cool, and collected.

Brash, colorful, and audacious might work for some; reserved, dignified and restrained

8 See Carol A. Heimer, “Doing Your Job And Helping Your Friends: Universalistic Norms about
Obligations to Particular Others in Networks,” pp. 143-164 in Networks and Organizations: Structure,
Form, and Action, eds. Nitin Nohria and Robert G. Eccles, Boston: Harvard Business School Press,
1992.
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might better suit others. Applying adjectives of this sort may be useful for describing
persons and individual entrepreneurs, but, obviously, none of the qualities or traits that
they represent can count as essential, categorical elements of charismatic leadership
because their opposite numbers can produce the same results. Apart from the general
theoretical definition that specifies a kind of relation between leaders and followers,
not much more can be said about charisma. People know it when they see it, or, at
least, some do, sometimes. And they can try to describe it, but they can’t really pin
down its source or essence. There is something ineffable about it.

In biotech entrepreneurs, charisma might be expressed in a firm handshake, an
easy smile, a certain look in the eye, or a knack for telling a good story about a
technology on which they hold a patent or a license. Entrepreneurs may require at
least some qualities of this kind in order to inspire the confidence of others in
themselves and their projects. Becoming a biotech entrepreneur, a person who knows
how to get things done in this milieu, involves learning the science, learning the
business, and learning how to affect the manners that will smooth flows of vital
resources to the right places at the right times. It involves developing a personal style
appropriate to the context, and it may involve cultivating a bit of charisma to win
people over to one’s side. This kind of entrepreneurial charisma is dispersed
throughout the industry — a little bit of it here, in this person, a bit more of it over
there, next door, in that person. It appears to be embodied in many different persons,
in many different ways, in many different situations.

The concept of charisma may serve in another way as a useful interpretive

resource in the study of biotechnology. Just as it may be worthwhile to think of
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entrepreneurship as a fundamentally social phenomenon, consisting in
communication, networking, and cooperative labor, it might be worthwhile to consider
entrepreneurial charisma as a phenomenon generated and distributed in the same
manner. Innovative organizations and industries can be called entrepreneurial. There
might be organizations and industries that can be called charismatic, as well. If so,
biotech companies and the biotech industry certainly fit the bill. Firms in the biotech
industry have generated enthusiasm, incited passion, and engendered loyalty among
scientists, post-docs, students, teachers, investors, stock market analysts, physicians,
patients, and politicians, among others, and sometimes even when, on close inspection
of the scientific record, no rational basis for such reactions can be found.

In cases of high-tech charisma, it appears that it is often not the person that is
special, but rather the group, the team, the organization, the company, the time and the
place, or the exciting task of surfing on the leading edge of technological progress,
developing new tools or products that may be, not only valuable commodities, but also
beneficial gifts to humankind. When the stakes are high, when success or failure
means so much to so many, when progress involves going places that no one has ever
been before, and when the pace of the industry demands a constant and unrelenting
‘sense of urgency,’ teams may share a special spirit of camaraderie when they make
discoveries or bring projects to completion. Entire companies may adopt a swagger
when they’re winning and ahead of the pack, and if they’re working to develop cures
for cancer or Alzheimer’s disease, those within may experience a genuine sense of
common purpose or mission. The atmosphere around the industry as a whole may be

thick from time to time with anticipation. When a competitive race for an important
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technical milestone heats up, for instance, excitement grows, and journalists and
investors assemble as spectators to witness the drama as it unfolds.

The charisma of biotechnology may be experienced, sometimes, as an
extraordinary ‘buzz in the air.” Many participants in the field have commented on this
feeling and tried to name it. It resembles what Weber called “office charisma” — “the

% This is a form of

belief in the specific state of grace of a social institution.
‘depersonalized’ and ‘routinized’ charisma. According to Weber, charisma is, by
nature, unstable, evanescent, and fleeting. In every case, it is “on the road from a
turbulently emotional life that knows no economic rationality to a slow death by
suffocation under the weight of material interests.”® Despite this inevitability, the
disciples of a charismatic leader usually wish to prolong the movement beyond its
natural time, and, to this end, may arrange for an orderly succession of authority
through inheritance, ordination, anointment, acclamation, or plutocratic acquisition.
The followers move to ‘routinize’ and institutionalize the authority once embodied in
the person of the leader. In this way, says Weber, “the charismatic following of a war
leader may be transformed into a state, the charismatic community of a prophet, artist,
philosopher, ethical or scientific innovator may become a church, sect, academy, or
school....”®

Charismatic authority becomes depersonalized in these processes because it no

longer resides with the special powers of the leader, but is instead invested in the

% Weber, Economy and Society, Vol. 2, p. 1140.

% Weber, Economy and Society, Vol. 2, p. 1120.

% Weber, Economy and Society, Vol. 2, p. 1121.
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institution that grants it to qualified holders. In modern social organizations that
differentiate between the office and the incumbent, this depersonalization reaches its
fullest expression. Modern patriotism is a phenomenon that exemplifies it. Love of
country, for some, may be deeply emotional and fervently felt, and citizens may
respect and even revere the authority residing in the offices of the government. At the
same time, however, and without questioning the integrity of the state and its organs,
they may mistrust its officials, and regard the motives and interests of these
individuals with profound cynicism. In such cases, the charisma that commands
allegiance is perceived by subjects to be embodied wholly in the office, in the social
institution, and not in the person. A force of this kind appears to be evident in the
biotech industry. Biotech entrepreneurs and biotech companies trade heavily on (but
also contribute to) the institutional charisma of the sciences.

Since the scientific revolution in the 17% century, modern people in the West
have, by and large, embraced the idea of ‘science’ as a special form of inquiry and an
institutional repository of privileged bodies of knowledge. The aura surrounding the
social institution of science is bound up with ideas expressed in modern philosophical
accounts of ‘scientific method.” These accounts portray processes of scientific inquiry
as ‘disinterested’ and ‘objective,’ i.e., as impersonal. The special method so described
is often said, not only by philosophers, but by scientists themselves, to distinguish
science as an institution and to account for its success in accumulating useful
knowledge and gradually revealing the truth about the natural world. As sociologists
and historians of science have pointed out, if this view of method is taken seriously,

then the personal qualities and interests of individual scientists can be dismissed as
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inconsequential, or worse, as sources of possible bias or fraud.*’ This ‘rationalized’
view of science has served to depersonalize the charisma of the institution.®®

Another factor contributing to the confidence of moderns in science as an
institution is the astounding practical success that has been achieved by scientists
working in many disparate fields of inquiry. Just like the great war chieftain who
must continually prove himself with glorious victories in battles, if science is to
maintain its authority and privileged social standing, it must continually make
progress and deliver booty to the rest of the tribe. So far, it has acquitted itself
spectacularly on many different fronts, and there is every expectation in the culture at
large that it will continue to prove its worth. In the modern world, faith in science is
strong. This faith is based on a kind of charisma that is perceived to emanate from the
institution itself. Many biotech entrepreneurs have put it to use and made it their own,
and the biotech industry shares in the glory. Few biotech scientists or entrepreneurs
are publicly known by name, but the idea is widespread that, as a group, they are

employing special tools for special purposes.

67 For ‘Kuhnian’ historical and sociological views on science and method, see H.M. Collins and Trevor
Pinch, The Golem: What Everyone Should Know About Science, Cambridge: Cambridge University
Press, 1993; Thomas S. Kuhn, The Structure of Scientific Revolutions, Chicago: University of Chicago
Press, 1970 [1962]; and Steven Shapin, The Scientific Revolution, Chicago: University of Chicago
Press, 1996.

%8 Not included among prominent modern stereotypes regarding scientists and engineers are portraits of
charismatic heroes. They do include, though, the ‘mad scientist’ anti-hero and the socially incompetent
egghead or nerd. These are not images of persons who are likely to inspire trust or confidence, but
beliefs in the power of science and engineering remain firm throughout the culture, nonetheless. Even
more telling are representations of ‘Big Science’ technicians as cold, purely analytical and
dispassionate, anonymous white lab jackets, automatons slavishly and systematically following
procedures and deriving facts according to strict rules of evidence and inference. Here, progress moves
steadily ahead even though real people have vanished from the scene, replaced by workers who
resemble robots more than human beings.
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This depersonalized form of charisma doesn’t have to be embodied in
prophets, sorcerers, fearless warriors, or spellbinding orators. It is dispersed across
and embedded in the interactions that constitute and animate the biotechnology
industry, and it is simultaneously localized in the geographic regions that serve as
centers of biotech development. This kind of charisma, just like the pure form
embodied in the one extraordinary individual, is an emergent and relational social
phenomenon. And just like the varied human and material resources that circulate
through the connections, associations, and alliances that hold the field together, it is
‘networked’ and ‘concentrated.” Its movements and accumulations can be mapped by
charting flows of people, information, capital, the attention of Wall Street, and so on,
in, around, and through the various precincts of the industry. It is, in fact, a property
of these flows. And its effects are evident as the innovative forms of organization and
patterns of action that characterize the biotech industry.

SCIENTIFIC ENTREPRENEURSHIP IN SAN DIEGO

The associations, connections, and intersecting social processes that have
combined to produce the ‘enchanted’ bustle and ferment of biotechnology are
innumerable. The phenomenon of scientific entrepreneurship and its circumstances in
time and space can be astonishingly complex. To begin to understand it, researchers
are obliged to move from the identification of simple cause and effect relationships to
‘thick descriptions.” Historical and ethnographic methods are required because the
social processes in which entrepreneurs act are rife with contingencies. Outcomes in
particular cases are always dependent on how individuals and groups move concretely

through entrepreneurial processes, monitoring environments, accumulating
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experience, making decisions that are never perfectly informed, and sometimes,
making mistakes and guessing wrong. Those starting new enterprises usually have to
amend, revise, and correct their plans, and, in some cases, they have to start over from
scratch. Sometimes what entrepreneurs end up accomplishing hardly resembles what
they originally set out to do, and sometimes the consequences of their actions are
mostly unintended. Entrepreneurial discovery is a process that spans careers and takes
shapes concretely by passing through countless situations and locales in which people
interact and exchange information and resources. If understanding the emergence or
development of innovative enterprises is the goal, then researchers ought to pay close
historical and ethnographic attention to the entrepreneurial process in social context.

This is not to say, as demand side theorists seem to imply, that credit and
blame are not rightly assigned to individual entrepreneurs or groups of entrepreneurs,
and are instead properly attributed to culture, social structure, market conditions, or
something else. It simply means that ethnographic and historical research on
entrepreneurs and entrepreneurship in context can provide richer understandings than
explanatory variable analysis. These modes of inquiry can bring to light aspects of
entrepreneurship that are often neglected in analyses that rely on ‘extrinsic’ factors to
explain entrepreneurial behaviors and new forms of enterprise. If the entrepreneurial
process is comprised of situated, context-bound innovative actions, then descriptions
of these actions and histories of the innovators who carry them out will show what the
phenomenon of entrepreneurship is.

This dissertation offers histories of entrepreneurial careers and descriptions of

entrepreneurial work in specific social and historical contexts — those relevant to the
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emergence of the biotechnology in San Diego. Since these histories and descriptions
speak for themselves, I have no precise definition of entrepreneurship to offer. Instead
of trying to pin down the essence of entreprenecurship, I borrow Thornton’s
appropriately vague formulation — she calls entrepreneurship “the creation of new
organizations, which occurs as a context-dependent, social and economic process.”®
This is a properly sociological definition. By focusing on organization building, it
emphasizes the collective aspects of entrepreneurship. Entrepreneurs always act as
entrepreneurs within definite social contexts, that is, always in relation to others, and
in response to complex and dynamic social conditions. Attempts to describe, analyze,
and understand entrepreneurship by focusing narrowly on the decisions and actions of
individuals — as economists and psychologists are wont to do — are, from a
sociological perspective, lacking in depth. Similarly lacking are attempts to describe,
analyze, and understand entrepreneurship as a function of structural conditions and
demands. Without discounting the degrees of freedom that individuals may exercise
voluntarily, or the constraints that circumstances may impose on individuals, social
histories of entrepreneurship can show how the character and sense of entrepreneurial
decisions and actions are always bound to concrete social situations and contexts.

In this study of San Diego biotechnology, I follow Thornton’s lead and use the
term ‘scientific entrepreneurship’ to indicate all that starting and directing a small
science-driven company entails. Naturally, this encompasses tasks so manifold and

complex that the phenomenon of bioentrepreneurship cannot be coherently rendered

% Patricia H. Thornton, “The Sociology of Entrepreneurship,” Annual Review of Sociology 25, 1999:
19-46.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



193

as anything but a collective and socially distributed process. In fact, as Schumpeter
knew well, so thoroughly social is the entrepreneurial function that identifying
individual entrepreneurs becomes conceptually problematic: “In many cases,” said
Schumpeter, “it is difficult or even impossible to name an individual that acts as ‘the
entrepreneur’ in a concern. The leading people in particular, those who carry the titles
of president or chairman of the board, may be mere co-ordinators or figureheads.””
Schumpeter points out that individuals play roles and make contributions to
entrepreneurial projects — and descriptions of these projects can shed light on just what
these roles and contributions are — but, of course, only rarely, if ever, can individuals
claim to have single-handedly effected change in the direction of a collective social
process. The Hybritech story illustrates Schumpeter’s points. When examining the
formation of Hybritech and its begattings, it is often difficult to identify ‘the
entrepreneur.’ It is possible, however, to identify many of the unique contributions
that individuals and groups made to the founding and maturation of Hybritech, and
later to the formation of the larger biotech industry in San Diego.

When successful entrepreneurial projects came to fruition in San Diego’s
biotechnology industry, they did so because many people worked together. As these
people cooperated in order to make technological and organizational innovations, their
personalities, backgrounds, values, talents, skills, work habits, and judgments all
mattered. They are all part of this scientific, technological, and economic story.

British business historian Charles Wilson has remarked, “at the heart of the economic

7 Joseph A. Schumpeter, “Economic Theory and Entrepreneurial History,” p. 261.
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process there is human intelligence, human character, ingenuity and enterprise.””' The
same can be said, of course, of scientific inquiry, and of the marriage of basic science
and commerce in the development and application of biotechnologies. These
dimensions of innovation are often lost or obscured in academic analyses of
biotechnology that speak in abstract terms about dollars, markets, factors of

production, networks, and so on. This study aims to retrieve them.

"I Charles Wilson, The History of Unilever: A Study in Economic Growth and Social Change, London:
Cassel, 1954,
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IV. “TECHNOLOGY’S PERFECT CLIMATE”

Revolutions are not made; they come. A revolution is as natural a

growth as an oak. It comes out of the past. Its foundations are laid far

back.

Wendell Phillips

PLACE MATTERS

When it comes to technological change, place matters.' People invent, and
individuals and groups design and manufacture, but technological artifacts appear in
their own places, and in their own good time, naturally. Contextualizing historians tell
us that particular locales may be more or less conducive to technological development
and ‘progress.” Each invention has it own set of requirements that must be met before
it makes an appearance, its own set of necessary causes that must precede it. The
likelihood that any given place and time will witness an invention depends on many
different factors — social, cultural, economic, and political, as well as technical.
Certain conditions may prevent the creation or adoption of a new technology, while
certain others may open historical windows for innovation and change.

Sometimes techniques or artifacts can only be implemented at the sites in
which they are brought into the world. In other instances, techniques or artifacts

originating in one place must be transported to others before they are able to flourish,

! This idea is contrary to the notion that ‘distance is dead’ in the age of infotech. See “Place Matters,”
The Economist, November 9, 2000; and Joel Kotkin, The New Geography: How the Digital Revolution
is Reshaping the American Landscape, New York: Random House, 2001.
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before their historical impacts and potential benefits or costs are fully realized.”
Technological changes can be usefully traced by historians, not only through time, but
through social and geographic spaces, as well. For contextualists, technologies are
bound to chains of concrete events in the world, to definite circumstances, definite
places, and definite passages between them. Histories of technologies are sometimes
best related, not just as evolutionary transformations in design, but also as travelogues.
Technologies may sometimes have to travel considerable distances along circuitous
routes to find their places. They may have to bounce around a good bit, following
uncertain paths, until they intersect, sometimes very unexpectedly, with other
historical chains of events that lead them home. Technologies are invented, adopted,
or utilized at temporal and geographic points where histories of artifacts and ideas,
histories of peoples and cultures, and histories of locales all converge to make

particular places the right ones. Places matter, too, in technological development, and

? In a book called The Pinball Effect, popular historian James Burke offers the example of an
agricultural innovation introduced to England in the early 18" century, by a gentleman named Jethro
Tull. In 1713, during a stay in the south of France, Tull observed that when local winegrowers used
ploughs to deep-hoe between their vines, they didn’t have to use manure to fertilize their soils. He took
the idea back with him to England and found that he got similar results with turnips, potatoes, and
wheat, and that his crop yields were greatly improved, to boot. In 1733, Tull wrote a book about his
experiments, The Horse-Hoeing Husbandry. After the book was translated into French and discovered
by francophone English landholders, deep-hoeing by plough was widely adopted throughout the land.
Burke relates that deep-hoeing, in conjunction with the similarly new practices of crop rotation and the
enclosure of farm lands and pastures, contributed significantly to England’s 18" century economic
ascendance. Advances in agricultural production during the period led to more food, cheaper prices, an
increasing population, vast expansions of markets, urbanization, and, in short order, the Industrial
Revolution. He also notes that hoeing did not have the same beneficial effect on French agriculture and
industry because of the particular conditions in France at the time: the “appalling state” of roads in the
country, the stubborn preservation of feudal property rights that discouraged capital investments, and an
uncoordinated system of different regional weights, measures, and levies. All of this, and more,
prevented the French from developing a national market on the same scale as their neighbors across the
channel. While English agriculture and economic activity rapidly grew, French farming and commerce
remained constricted and disorganized by comparison. Deep-hoeing had first been developed in
France, but its economic benefits could not be fully realized in its native land. James Burke, The
Pinball Effect, London: London Writers, Ltd., 1996.
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if a place is to foster technical innovations, it must be prepared to do so, by design, by
accident, or a little of both.

Many things had to happen in San Diego, and elsewhere, in order for the
biotechnology industry to emerge in the city in the way that it did. Of course, San
Diego’s universities and research institutions had first to be established, and then new
techniques in the life sciences and biomedicine had to arrive, along with venture
capital and entrepreneurial scientists. These local happenings were naturally impacted
and shaped by historical processes unfolding on larger scales. Broader trends leading
up to the formation of the new ‘global’ economy — the growth of academic and
industrial research, the expansion of government support of basic science in the U.S.,
the maturation of financial communities and markets, and evolving conditions in legal
and commercial environments in the U.S and around the world — all influenced the
development of biotechnologies in San Diego. But before any of these influences
could work on events taking place in the city and surrounding areas, there had to be a
place called San Diego, a place that could attract, nurture, and sustain scientific
progress and high-tech industries. San Diego’s first bioentrepreneurs appeared in the
1970s on a stage set by the region’s long and unique natural and social histories.
“TECHNOLOGY’S PERFECT CLIMATE”

Many people who visit the city of San Diego are enchanted by it. Located in
the far southwest corner of California and the continental United States, it is a
hospitable place, blessed with abundant natural beauty. The downtown area fronts a
picturesque harbor. The commercial and residential districts surrounding the urban

center are nestled among pleasantly undulating hills of the kind peculiar to Southern
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California’s quirky earthquake-generated topology. On clear days — and most days are
clear in San Diego — high places around the city offer sweeping views of the local
environs, the ocean, and the mountain ranges that lie to the north and east. The
landscape does not always make for convenient travel. Many streets come to abrupt
dead-ends where canyon walls suddenly drop hundreds of feet, and motorists shuttling
between adjacent sections of town must often follow circuitous, time-consuming
routes in order to reach their destinations. But the irregular geography of the place
makes for wonderful scenery. As cities go, San Diego is an unusually pretty one.
Perfection is a word often used to describe the agreeable climate of the region.’
San Diego, it is said, has the shortest thermometer in the United States. Nowhere in
the country is the weather more consistent or consistently pleasant. Rarely do
temperatures rise above 80° F during the day, or drop below 50° F at night. High
temperatures in the summer months average 75° F. In January, the coolest month,
highs average 66° F. Only eleven times since the federal government started keeping
track in 1849 have freezing temperatures been recorded in the city. Snowflakes were
last reported in 1937. Even in the winter months, dry Santa Ana winds regularly blow
in from the Mojave Desert to the northeast, causing the mercury to rise and residents

to shed their sweatshirts and jackets.* In San Diego, it is often difficult to tell the

3Fora meteorological analysis, see Thomas E. Evans, III and Donald A. Halvorson, “Climate of San
Diego, California,” NOAA Technical Memorandum, NWS WR-256, Springfield, VA: National
Technical Information Service, U.S. Dept. of Commerce, October 1998.

4 Santa Ana winds originate from the Great Basin High, a relatively stable, clockwise flow of air
centered over Nevada and Utah. The High is trapped between the Sierra Nevada to the west and the
Rocky Mountains to the east. When low pressure centers take up residence along the Pacific coast, the
hot, dry desert air is then drawn through mountain passes to Southern California. See Arthur G.
Lessard, “The Santa Ana Winds of Southern California,” Weatherwise, 1988, 41: 100-104.
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season by the weather. A better indicator is the vegetation on the city’s hillsides.
When spring arrives at the end of the winter rainy season (inhabitants of Northern
California’s temperate rain forests scoff at the suggestion that San Diego has a rainy
season) freeway commuters zoom past emerald escarpments. By midsummer, the
palette is muted; the hillsides are parched and brown.

Less than ten inches of precipitation fall on San Diego in a typical year, almost
all of it during the winter months. Due to its latitude, the city is rarely visited by the
storm systems that move across the North Pacific, or by the tropical depressions that
spin regularly into central Mexico. Thunderstorms are almost unknown. On average,
only three occur per year, and most quickly dissipate. San Diego mornings are often
shrouded in fog (what local meteorologists call the ‘marine layer’), but this usually
burns away by midday to reveal clear blue skies. Only when Catalina Eddy conditions
are present offshore does the fog linger.” This happens most often in June. When it
does, San Diegans call it ‘June gloom.” Yet, normal rainfall for the month of June is
less than one-tenth of an inch. It almost never rains in the summertime. City residents
schedule summer outings without contingency plans. Travel brochures that advertise
the unique charms of the city’s climate do not lie. In 1888, General A.W. Greely,
head of the United States Weather Service, remarked:

The American public is familiar on all sides with elaborate and detailed

statements on the weather at a thousand and one resorts. If we may
believe all we read in such reports, the temperature never reaches the

5 A Catalina Eddy forms when strong winds blowing in from Point Conception above Santa Barbara run
into the Southern California coastline and moist air begins to circulate in a counterclockwise direction
around a low pressure center in the vicinity of Catalina Island, situated about 25 miles due west of
Laguna Beach. See Kyozo Ueyoshi and John O. Roads, “Simulation and Prediction of the Catalina
Eddy,” Monthly Weather Review, 1993, 121: 2975-3000.
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eighties, the sky is flecked with just enough clouds to perfect the

landscape, the breezes are always balmy, and the nights ever cool.

There is possibly one place in the United States where such conditions

obtain: a bit of country about forty miles square, at the extreme

southwestern part of the United States, in which San Diego, California

is located.®

Because of its attractive climate and seaside location, San Diego can count on
tourism as a stable component of its economic base. According to a study
commissioned by the San Diego Association of Governments, the tourism industry
employs more San Diegans (over 65,000 in 1996) than any other economic sector.”
Visitors flock to this congenial place in droves. For many Americans, and for others
around the world, the name San Diego conjures up images of palm trees, sunshine, and
sand. The city’s legendary beaches are the principal draw. Each has its own unique
character and clientele. Each attracts a different mix of locals and tourists, young
people and old, sunworshippers, swimmers, scuba divers, and surfers. The warm
ocean temperatures provide inviting opportunities for water sports of all kinds.®
Naturalists are also drawn to San Diego’s coastal areas. The western edge of the city

stretches for thirty-five miles along the cliffs, coves, caves, tidepools, and salt marshes

of the California Coast.

¢ Quoted in Evans and Halvorson, “Climate of San Diego, California,” p. 16.

7 San Diego Regional Technology Alliance, Industrial Clusters in the San Diego Region, San Diego,
CA: San Diego Regional Technology Alliance/SANDAG, n.d.

¥ For many well-to-do residents of the city, including a few bioindustrialists, sailing is a convenient get-
away activity. On clear days, the blue waters in and around San Diego harbor are usually decorated by
dozens of small white sails. Occasionally, pleasure craft must dodge huge aircraft carriers and other
large naval vessels barreling into port from duty around the Pacific, but the balmy weather makes San
Diego a sailor’s paradise. In recent years, the city has become a familiar destination for members of the
international sailing community. Four times in the 1980s and 1990s, yachtsman Dennis Conner
skippered sloops to victory in America’s Cup challenges, bringing the trophy and challenge races home

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



201

The consistency and mildness of the weather found along the coast stands in
marked contrast to the variable and sometimes extreme conditions encountered inland
to the east. Beyond the city limits lies the rest of San Diego County, one of the largest
counties in the land. It covers 4,255 square miles, more than the states of Delaware
and Rhode Island combined. Few places in the world offer the variety of natural
environments found within this territory. Above the ten to twenty mile-wide coastal
terrace, where most county residents make their homes, inland hills and valleys sweep
up toward the six-thousand foot peaks of the Laguna and Cuyamaca mountains. Most
of San Diego County is still pristine wilderness, and its highlands are teeming with
wildlife.”

Many San Diegans appreciate the climactic contrast, the visual beauty, and the
recreational opportunities that the mountains provide. On clear winter days, residents
of the city can look out to high snow-covered peaks and moraines in the distance.
When the crests are white, many who fancy winter activities like tobogganing,
snowboarding, and cross-country skiing warm up their cars for the forty-five minute
climb to the Sunrise Highway that runs atop the County’s highest mountain ridges.
When the snows melt early in the spring, the San Diego County highlands become
destinations for hikers, campers, boaters, rock climbers, hunters, and trout fishermen.

Others ascend to visit the Mt. Laguna Observatory operated by San Diego State

to the San Diego Yacht Club. For the title of ‘sailing capital of the U.S.,” San Diego now perhaps rivals
Newport, Rhode Island.

’ Mountain lions, for example, thrive in the Lagunas and Cuyamacas as in few other places around the
United States. See Kristen Green, “Mountain Lions to be Tracked, Studied/Long-Term Effort to Take
Place at Cuyamaca, Anza Borrego,” San Diego Union-Tribune, October 31, 2000.
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University and Cal Tech’s Mt. Palomar Observatory. The Palomar site is home to the
monstrous Hale telescope, one the world’s largest optical instruments. Situated high
above the ambient light of Southern California’s cities at 5,500 ft., it is powerful
enough to gaze more than a billion light years into the heavens and the past.

Standing atop the steep eastern face of these mountains affords a lookout over
the vast Anza-Borrego Desert nearly a mile below. Anza Borrego is part of the lower
Colorado Valley portion of the Sonora Desert. The Sonora is the lowest, driest, and
hottest of the four North American desert biomes (the others are the Great Basin,
Mojave, and Chihuahua deserts). In an average year, only two to three inches of rain
fall in this part of the world, but it is enough to make wildflowers bloom like madness
on the desert floor from January to March. Millions of years of seismic activity in the
region, along the San Jacinto and Elsinore splinter faults of the San Andreas, have
pushed up barren mountain ridges that punctuate expansive desert chaparrals and
badlands. Few people reside permanently in this desolate place. Borrego Springs, an
oasis of spas and resorts, is the largest human settlement in the area, with 3,000
inhabitants. Summer temperatures in Anza Borrego often soar above 120° F.
Readings taken from the sun-baked desert surface can exceed 180° F. In the winter
months, though, temperatures moderate significantly; conditions in the desert are, for
much of the year, tolerable and pleasant.

The quality and variety of the natural environments found in San Diego
County have always attracted people, but, of course, the climate and the landscapes
are no longer the only draws. As the population of the region has grown, the cultural

life of San Diego has naturally blossomed, as well, and become ever more variegated
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and colorful. According to the latest U.S. Census Bureau estimates, San Diego has
become the second largest city in California, following only Los Angeles,'® and the
sixth largest in the United States. The population within the city limits exceeds 1.2
million. The figure for the larger metropolitan area is approaching 3 million. This
makes the San Diego metro area the seventeenth largest in the country.!' The cultural
life of the region naturally reflects the composition as well as the size of the
population. Like the rest of California, San Diego features a high degree of racial and
ethnic diversity. In 1998, the city’s population was 60% white, 24% Hispanic, 9.2%
Asian, and 6% African-American.'> Numerous other ethnic groups, including Native
Americans, accounted for the remaining .8%. Many of these communities sustain
their own distinctive customs and practices, folding them into the larger patterns that
make up daily life in San Diego and its environs.

With this mix of peoples and ways of living, along with the innumerable
subcultures and modes of activity that characterize workaday worlds around the city,
San Diego residents do not suffer from cultural deprivation of any kind. And, for
many (and even those who fancy themselves ‘laid back’ Californians) life in the city
now proceeds at a rapid pace. While in the past, many people came to San Diego in

search of peace and quiet, more come now for excitement and stimulation. It is

1% As a metropolitan area and population center, the San Francisco Bay Area, including Oakland, San
Jose, and dozens of other towns, is considerably larger According to the 2000 census, the population
there now exceeds seven million. This makes the Bay Area the fifth largest concentration of people in
the U.S.

1'U.S. Census Bureau, hitp://www.census.gov/population/www/Cen2000/phc-t3.html.

2 San Diego Association of Governments, “San Diego Region Demographic and Economic
Characteristics,” INFO, March-April, 1999.
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possible to sample in San Diego all that big city life has to offer, and many take
advantage of the opportunities. When the whistle blows at work, San Diegans, and
especially those belonging to the fortunate classes, have plenty of cultural activities
and diversions from which to choose. Nothing is lacking.

Eucalyptus-lined boulevards and freeways lead out of the city to the north and
south to many other cultural attractions nearby. Just a few miles to the south lies the
international border with Mexico, and across it, the federal state of Baja California and
the city of Tijuana, now a major urban center with a population exceeding one million.
For many San Diegans, Baja California represents a popular travel destination.
Tijuana relies heavily on the dollars that visitors bring with them and leave behind.
Thousands of sightseers funnel daily through the San Ysidro and Otay Mesa crossing
points to shop, dine, and experience a slice of Mexican life."> Beyond Tijuana, other
popular attractions for visiting Americans include the beach towns of Ensenada and
Rosarito, and, to the east, on the Sea of Cortés, the old fishing village of San Felipe.
Further south, for more adventurous travelers, the length of the mostly uninhabited
Baja Peninsula stretches more than a thousand miles to the resort town of Cabo San

Lucas.

13 Visitors usually head directly to Avenida Revolucion, the city’s main thoroughfare, which is lined
with restaurants, nightclubs, and scores of small shops. Most avoid exposure to the social and cultural
dislocations that characterize life in many other parts of the city. Because of its proximity to the U.S.,
and especially after NAFTA, Tijuana has attracted both investments in maquiladoras — assembly plants
operated by American firms in order to take advantage of relatively cheap Mexican labor — and workers
who migrate north from other parts of the country where good employment opportunities are scarce.
Tijuana is a city that has grown from a clash of First World wealth and Third World poverty. One
observer remarks: “Tijuana boasts some of the highest wages in Mexico, yet few Mexicans are eager to
make it their permanent home. For many jobless transplants it is a place of rootlessness and
impermanence, of crime and crass commercialism that deplete the soul.” See Scott Sernau, Bound:
Living in the Globalized World, Bloomfield, CT: Kumarian Press, 2000, p. 75.
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Seventy-five miles north of San Diego’s city limits lies Orange County, the
edge of the urban sprawl that that covers the entire Los Angeles Basin. An area of
nearly 1,000 square miles, once known for its pastoral landscapes and citrus groves, as
the name suggests, Orange County has now been mostly paved over and covered by
strip malls and suburban housing developments. Today, 2.7 million people live in this
place. The huge metropolis extending beyond to the north and west features sixteen
million people, seemingly endless miles of cloverleafing freeways, and strangely
muted sunsets viewed through suspensions of brown and yellow haze. Many civic-
minded San Diegans express disdain for what Los Angeles has become. They view
their own city as a clean, wholesome, and relatively uncongested place in contrast, and
wish to preserve the difference. By and large, they resist ‘Los Angelization,” and are
ambivalent about development that may compromise the uniqueness of the city,
swallow up the countryside and the beach towns that buffer San Diego from its huge
neighbor to the north, and bring with it the social and environmental troubles that
plague the megacities of the world. Still, San Diego’s proximity to Los Angeles is an
important part of its identity. The city’s economy remains dependent on transportation
and financial resources concentrated in the L.A. basin, and most San Diegans, in truth,
probably consider convenient access to the metropolis more of a blessing than a curse.

San Diego’s climate, landscapes, and cultural resources help to make it a
desirable place in which to live. High-tech industries and high-tech people have been
attracted to San Diego largely by the quality of life that the city offers them. The
weather, the natural environments, and the social composition of the region contribute

significantly to it. People have always been drawn to San Diego because it is sunny,
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mild, and beautiful. Scientists and engineers are people, too, and, as a group, they
appreciate and enjoy comfortable weather, natural beauty, and recreational
opportunities as much as any other. Civic leaders attempting to encourage the growth
of high-tech innovation and commerce in the city do not underestimate the value of
sunshine, scenery, and social vitality as marketing tools. They hope to capitalize on
the unique natural and cultural resources with which San Diego has been endowed.
The quality of life that San Diego offers is now threatened in many ways by its own
social and economic success, but, for the present, the region continues to enchant
many of its inhabitants and visitors.'* In order to attract entrepreneurs, ‘think
workers,” and new high-tech companies, the San Diego Regional Economic
Development Corp. boast that San Diego offers “Technology’s Perfect Climate.”"”
The phrase refers to the city’s business environment and scientific infrastructure as
much as it does the weather, but San Diego’s rich social, economic, and natural
histories have always been intertwined in this way.
OLD TOWN AND NEW TOWN

Anthropologists believe that the area around present day San Diego was first

populated by wanderers from the north who settled along the coast, perhaps as early as

20,000 years ago. These people are known today as the San Dieguito, or La Jollans.

' If San Diego is going to be called heaven on earth, it has to be mentioned, for the sake of truth in
advertising, that it also encompasses parts of purgatory and hell. It is an American metropolis, and so,
of course, has neighborhoods plagued by costly inner-city social pathologies (e.g., poverty,
unemployment, failing schools, inadequate health care, unsafe working conditions, pollution, racial and
ethnic conflicts, youth gangs, violence, and high rates of street crimes like robbery, prostitution,
gambling, drug abuse, and so on), and in which opportunities for people are lacking. But these ‘mean
streets’ are located mainly in eastern and southern sections of the city. San Diego’s extensive freeway
system makes it possible for residents living and doing business in other parts of town to avoid them.

15 Maricris G. Briones, “Target: Prospective Residents,” Marketing News, Oct 12, 1998, pp. 1,10.
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They lived as gatherers, collecting fruits, vegetables, and nuts, and harvesting
mollusks and fish from the sea.'® Europeans first reached modern day California early
in the 16™ century, through explorations of the northern end of the Sea of Cortés
launched from the Vice-Royalty of New Spain (present-day Mexico and Central
America). The discovery of San Diego occurred when the colonial governor of New
Spain, Pedro de Alvarado, financed an expedition to investigate unexplored lands
along the Pacific coast to the north.'” He recruited a Portuguese soldier of fortune,
Juan Rodriguez Cabrillo, to captain the exploratory voyage. Cabrillo sailed into San
Diego Bay under a Spanish flag on September 28, 1542. He called the place San
Miguel, misrecorded its latitude, and left, never to return. No white men visited the
bay again until November 10, 1602, when Sebastian Vizcaino came looking for a

suitable port from which to dispatch Spanish galleons to the Far East. He renamed the

'S On the histories of native inhabitants in the San Diego region, see Richard L. Carrico, Strangers in a
Stolen Land: American Indians in San Diego, 1850-1880, Sacramento, CA: Sierra Oaks, 1987; Leslie
Speier, “Southern Dieguefio Custorus,” pp. 297-358 in University of California Publications in
American Archaeology and Ethnology, Vol. 20, Berkeley, CA: University of California Press, 1923;
Wiliam Sturtevant, ed., The Handbook of North American Indians, Vol.8, California, Washington,
D.C.: Smithsonian Institution, 1978; Phillip M. White and Stephen D. Fitt, A Bibliography of the
Indians of San Diego County: The Kumeyaay, Dieguefio, Luisefio, and Cupefio, Lanham, MD:
Scarecrow Press, 1998.

'7 On the modern history of San Diego, see Samuel F. Black, San Diego County, California: A Record
of Settlement, Organization, Progress and Achievement, Chicago: S.J. Clarke, 1913; Ed Davidson, San
Diego: A Brief History, 1542-1888, San Diego, CA: Arts & Crafts Press, 1929; Carl H. Heilbron,
History of San Diego County, San Diego, CA: San Diego Press Club, 1936; Robert Mayer, ed., San
Diego: A Chronological & Documentary History, 1535-1976, Dobbs Ferry, NY: Oceana Publications,
1978; Michael McKeever, A Short History of San Diego, San Francisco, CA: Lexikos, 1985; James R.
Miller, San Diego: Where California Began, 4™ ed., San Diego, CA: San Diego Historical Society,
1976; Irene Phillips, The San Diego Story: 1769-1963: Where California Began, San Diego, CA: South
Bay Press, 1963; Richard F. Pourade, The History of San Diego. Vol. 1-7., San Diego, CA: Union-
Tribune Publishing Co., 1960-1977; Philip R. Pryde, ed. San Diego: An Introduction to the Region, 3rd
ed., Dubuque, IA: Kendall/Hunt, 1992; Shannon, Don, Mission to Metropolis: A History of San Diego,
National City, CA: Bayport Press, 1981; Smythe, William E., History of San Diego, 1542-1907, San
Diego, CA: The Historical Company, 1908.
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place San Diego. Vizcaino was impressed by the natural harbor, but San Diego
remained unsettled by Europeans for another century and a half.

During this time, the Spanish established firm control over Baja (Lower)
California, but through the mid-eighteenth century, Alta (Upper) California remained
unexplored. In the 1760s, King Carlos IlII, fearing Russian encroachment on Spanish
claims further north along the Pacific Coast, ordered expeditions to map and secure
the region. Spaniards finally returned to San Diego in 1769, when Gaspar de Portola
and a small contingent of soldiers arrived to establish a military outpost on what is
now called Presidio Hill, a bluff overlooking a floodplain through which the San
Diego River travels the final leg of its run from the Laguna Mountains to the sea.
Today, this lowland is called Mission Valley. It divides the downtown area of the city
from its northern suburbs. Towering freeway bridges span the chasm, and the
greenery on the floor of the valley has been replaced by office buildings, apartment
complexes, motels, automobile dealerships, and shopping malls.'®

Portola was accompanied by a fifty-five year-old Franciscan priest, Father
Junipero Serra. Upon his arrival, Serra declared San Diego “a desirable place” and set
about the work of establishing the Mission San Diego de Alcala."” The San Diego
mission was the first in a chain of twenty-one to be built in Alta California. Some

fifty years later, in 1821, Mexico won its independence from Spain and secularized the

18 Richard F. Pourade, The Explorers, The History of San Diego, Vol. 1., San Diego, CA: Union-
Tribune Publishing Co., 1960.

' Syd Love, San Diego: Portrait of a Spectacular City, San Diego, CA: San Diego Magazine Publishing
Co., 1969, p. 9.
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mission system.”’ The Mexican government retained formal control of Alta California
until 1848. During this period, officials handed out large land grants in exchange for
political support. Vast ranchos were created and distributed to influential patricians.
Much of present day San Diego County was parceled out in this way.*' Effective
Mexican control of the region and the San Diego settlement ended in 1846. The
United States declared war on Mexico in May. By the end of July, U.S. marines had
arrived in San Diego by sea and raised an American flag over the town’s central plaza.
The treaty ending the war ceded Alta California to the U.S. In February of 1850,
California became a state of the union, and San Diego County was established. It then
included, in addition to its present area, sweeping desert spaces that later became
Imperial County, and large tracts now belonging to San Bernadino and Riverside
counties. A month later, the city of San Diego was incorporated. The city’s first
mayor was Joshua Bean, brother of the famous West Texas hanging judge, Roy Bean.

San Diego’s first decades as a U.S. city were eventful. The town prospered
and grew rapidly.”> In the 1850s, the town’s first daily newspaper, the San Diego

Herald, was published; a shipyard opened; a lighthouse was erected high above the

2% Richard F. Pourade, The Time of the Bells, The History of San Diego, Vol. 2., San Diego, CA:
Union-Tribune Publishing Co., 1961; and The Silver Dons, The History of San Diego, Vol. 3., San
Diego, CA: Union-Tribune Publishing Co., 1963.

2! Robert W. Brackett, The History of San Diego Ranchos: The Spanish, Mexican, and American
Occupation of San Diego County and The Story of the Ownership of Land Grants Therein, 5" ed., San
Diego, CA: Union Title Insurance Co., 1960; Harry C. Hopkins, History of San Diego and Its Pueblo
Lands and Water, San Diego, CA: City Print Co., 1929; Richard F. Pourade, The Silver Dons, The
History of San Diego. Vol. 3., San Diego, CA: Union-Tribune Publishing Co., 1963.

22 See Richard F. Pourade, The Glory Years, The History of San Diego, Vol. 4., San Diego, CA: Union-
Tribune Publishing Co., 1964; and Gold in the Sun, The History of San Diego, Vol. 5., San Diego, CA.:
Union-Tribune Publishing Co., 1965.
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entrance to the harbor on Point Loma; and the first overland stage and mail route from
the east was established. By 1860, the population had grown to more than 600, and
the influx of newcomers continued to increase. In April 1867, fifty-four year-old real
estate speculator Alonzo Horton arrived from San Francisco, having heard about San
Diego in a lecture on California ports. He came with a dream of building a new
frontier city.”® For $265, Horton purchased nearly a thousand acres on the waterfront,
several miles to the south of Mission Valley and the Presidio Hill settlement. Of his
first view of the place, Horton later remarked: “I thought San Diego must be heaven
on earth, if it all was as fine as that. It seemed the best spot for building a city I ever

saw 3924

He plotted a grid of rectangular blocks and streets, and returned to San
Francisco to open a land sale office.”” From then on, urban development in San Diego
centered on Horton’s ‘New Town.” Today, the city’s downtown area and its high-rise
office buildings stand on the ground that Horton first bought and sold. The Presidio
Hill site has been known, since Horton’s real estate operation got underway, as ‘Old
Town.’

As it grew, ‘New Town’ rapidly took on the look and character of a modern
city. Inthe 1880s, telephone service and street lights were installed. A public library

was opened, and a public streetcar transit system began to operate. The first railroad

line to reach San Diego, the California Southern, running through Barstow, arrived in

2 Elizabeth C. MacPhail, The Story of New San Diego and of Its Founder Alonzo E. Horton, San
Diego, CA: Pioneer Printers, 1969.

2 Richard F. Pourade, The City of the Dream, The History of San Diego, Vol. 7, San Diego, CA:
Union-Tribune Publishing Co., 1977; p. 6.
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1885, and the landmark Hotel del Coronado, a huge, red-roofed wooden structure
perched on the beach, opened its doors in 1888. At its height, during this decade of
prosperity, the city’s population reached 40,000.%° The real estate boom soon ended
abruptly, however. The 1890s were a time of deep economic recession in San Diego,
and the number of residents dropped precipitously. Not until 1910 would the city’s
population again reach 40,000. By that year, Los Angeles, located one hundred miles
to the north, had already become a world class metropolis, a center of national and
international finance, trade, and transportation with more than 320,000 residents. San
Diego remained a relative backwater. The transformation of San Diego into a major
U.S. city was a 20" century phenomenon. With more than 1.2 million people today
residing within the city proper, San Diego has become a substantial urban hub in its
own right. Its growth to this size was spurred initially by the arrival of a significant
military presence in the County. San Diego geographer Phillip R. Pryde calls the
years between 1908 and 1945 San Diego’s “air and sea period,””’ a time in which the
city’s economy became heavily dependent on war production.

Throughout its early history, urban development in San Diego was supported
by growth in a highly diversified economy. San Diegans engaged in agriculture,
livestock production, fishing, ship-building, and a wide variety of light industries.

And, when advances in transportation around the turn of the century linked San Diego

* Hardigan Clower, “City Planning in San Diego,” San Diego, CA: Works Progress Administration,
1938.

26 Larry Booth, Roger Olmsted, and Richard F. Pourade, Portrait of a Boom Town: San Diego in the
1800’s, San Diego, CA: San Diego Historical Society, 1977.
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more conveniently to the rest of California and the country, the city became a popular
destination for vacationers. The tourist trade became an important component of its
economic base. But it was, above all, the arrival of the armed forces and the aviation
industry in San Diego that provided the impetus for the massive growth that the city
eventually experienced, and for the greater incorporation of San Diego into activities
comprising the larger national scene. Naturally, the development of San Diego as a
military town and the development of San Diego as an aviation town were closely
linked.

The first major military installation in the city, a U.S. Army post called Fort
Rosecrans (after a prominent businessman and U.S. Congressman from Southern
California), was put in place in 1899, when, after the Spanish American War, the U.S.
began to give consideration to strategic weaknesses on its southern flanks. The Navy
paid a visit to San Diego in 1908, when the ‘Great White Fleet,” comprised of sixteen
battleships and seven other large vessels with 16,000 sailors aboard, chugged into port.
The fleet had put San Diego on the itinerary of its world tour in order to give the top
Navy brass a first close-up look at the harbor. In 1911, aviator Glenn Curtiss opened
the world’s first bona fide flying school, on Coronado’s North Island. Army and Navy
officers were among the first students, and the Army established an ‘aviation camp’ on
the island. It was American participation in World War I, however, that really brought
the armed forces to San Diego en masse. In 1917, as part of the huge military build-up

undertaken prior to the American intervention, a new army base, this one much larger

27 Philip R. Pryde, ed. San Diego: An Introduction to the Region, 3rd ed., Dubuque, IA: Kendall/Hunt,
1992; p. 8.
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than Fort Rosecrans, was established several miles north of the city.”® It was called
Camp Kearney, after the Mexican War general. That same year, the airfield on
Coronado’s North Island was purchased by the government and turned into a joint
Army and Navy air station, and several military hospitals were constructed in town.
Then, in 1919, largely due to its proximity to the newly opened Panama Canal, San
Diego Bay was chosen as the new home of the U.S. Pacific Fleet. The Navy
constructed docks in various locations around the harbor and began building the
massive shipworks that today stretch for miles along the South Bay. After the war, in
1923, a Marine Corps recruiting depot and a Naval Training Center were also opened
in the city. San Diego had become heavily fortified and soon became known as a
‘Navy town.” On the city’s avenues, strolling sailors in uniform became a familiar
sight, and the place would never be the same.

San Diego was also becoming known during this time as an ‘aviation town.’
The superb weather and flying conditions around the city have always attracted pilots,
and San Diego has witnessed many aviation ‘firsts.” John Montgomery, who later
became a professor of physics and aerodynamics at Santa Clara College, is now
credited by many — including the Smithsonian Institution — with the first controlled
flight of a ‘heavier than air’ winged glider, on the breezy, open spaces of Otay Mesa,
south of the city, in 1883. In 1911, the same year that he opened the world’s first

flight school in San Diego, Glenn Curtiss accomplished another novel aviation feat.

%% In 1952, the site became Naval Air Station Miramar, home of the Navy’s famous ‘Top Gun’ flight
school. The Naval station was closed in 1998, and the installation was returned to the Marines, who
now use it as a helicopter base.
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After attaching pontoons to one of his aircraft, he made the first successful flight of a
seaplane, taking off and touching down again in San Diego Bay.

In 1925, T. Claude Ryan and a partner established Ryan Airlines, Inc., which
offered the first regularly scheduled commercial flights in the country, between San
Diego and Los Angeles. Ryan recruited a group of aeronautical engineers and
technicians to remodel his small fleet of planes for passenger use. In early 1927, this
group manufactured Charles Lindbergh’s plane, the ‘Spirit of St. Louis.” Lindbergh
put the plane through a series of test flights in San Diego, at the North Island airstrip,
and then lifted off for the East Coast on May 9. His historic flight across the Atlantic
began on May 20 and ended near Paris the following evening. Soon after, Lindbergh
made his way back to San Diego, and 60,000 city residents turned out to cheer his
return. Later in the year, aviation-happy San Diegans approved a bond issue to
support the construction of a new municipal airport. Part of the bay near the
downtown area was dredged and filled, and the runway was dedicated in 1928.
Dubbed Lindbergh Field, it remains the city’s principal commercial airport. San
Diego has always been a place for fliers, and, throughout most of the 20" century, the
city remained perched on the cutting edge of things aeronautical.”

Aircraft manufacturing supplanted agriculture as the region’s main industry in
the 1930s. Ryan commenced a commercial airplane-building venture in 1927, the

Ryan Aeronautical Corporation. In 1930, George Prudden started a small firm called

 Mary L. Scott, San Diego, Air Capital of the West, Virginia Beach, VA: Donning Co., 1991; Syd
Love, San Diego: Portrait of a Spectacular City, San Diego, CA: San Diego Magazine Publishing Co.,
1969; Richard F. Pourade, The City of the Dream, The History of San Diego, Vol. 7., San Diego, CA:
Union-Tribune Publishing Co., 1967.
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the Solar Aircraft Company, which was initially housed in the same building as
Ryan’s company. Solar began to specialize in aircraft exhaust manifolds, other
structural engine components, and, later, jet afterburners. It was eventually renamed
Solar Turbines. In 1935, Reuben H. Fleet relocated his military aircraft building
company, Consolidated Aircraft Corporation, to San Diego from Buffalo, New York,
in order to take advantage of the better, and almost ideal, conditions for testing the
flying boats that the company manufactured. A vast assembly plant was built along
the Pacific Coast Highway adjacent to Lindbergh Field. In 1940, Fred Rohr, one of
Ryan’s engineers who helped design the ‘Spirit of St. Louis,” founded the Rohr
Aircraft Corporation. Rohr’s venture focused on the design and manufacture of
airplane engines and engine control systems. Each of these companies became a
major San Diego employer (and would remain so for decades). Events taking place in
far-flung places around the globe would soon make them much bigger.

World War II brought another population boom and another wave of industrial
growth to San Diego. By 1940, the number of permanent residents in the city had
risen to 200,000. By the end of the decade, it would exceed 333,000. The presence of
the military in the San Diego expanded rapidly in the months before the bombing of
Pearl Harbor on December 7, 1941. Afterwards, when the colossal war machine of the
U.S. was fully mobilized and put into high gear, armed forces personnel and
government contracts swarmed into the city in sometimes overwhelming numbers.
New Army camps were established on Kearney Mesa, and near La Jolla, on a site that
today belongs to the University of California, San Diego. The Navy built new

airstrips and radar installations at various locations around the County. The air station
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on Coronado began training pilots for the Air Force, and graduated more than 30,000
fliers annually during the war years. In 1942, the old Mexican Rancho Santa
Margarita y Flores, encompassing 126,000 acres at the north end of San Diego
County, was acquired by the Navy and transformed into the Camp Pendleton Marine
base. The shipyards and aircraft factories expanded their operations and proceeded to
work at full capacity around the clock. Through the war years, more than 75,000 San
Diegans showed up for work each day at the Ryan, Solar, Consolidated, and Rohr
plants, rolling planes and parts off massive assembly lines. At Consolidated (which,
in 1943, merged with Vultee Aircraft in Downey, California, and was renamed
Convair) nearly 7,000 B-24 Liberator bombers were welded together during the war,
along with more than 21,000 other aircraft of various types. To absorb the influx of
workers drawn to San Diego by this immense manufacturing effort, the federal
government hastily erected thousands of tract houses in a new suburb, Linda Vista.
The construction of homes proceeded so rapidly that the provision of goods and
services to the new neighborhoods could not keep pace. Residents complained that
they had to travel ten miles to purchase a loaf of bread.*

When World War Il ended in 1945, many of the workers who had come to fill
defense industry jobs in San Diego and many of the military veterans who had been
stationed at local bases elected to stay on or return to the city. San Diego County, in
fact, experienced a decline in population immediately following the war, and did not

make up the numbers again until the early 1950s, but the total remained well above

3% Richard F. Pourade, The City of the Dream, History of San Diego, Vol. 7, San Diego, CA: Union-
Tribune Publishing Co., 1977; p. 33.
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pre-war levels. Despite the inevitable peacetime cutbacks in production and jobs,
many had discovered the charms of life in San Diego and were unwilling to give them
up. The manpower that would be required for further economic progress was in place.
In addition, thanks to the reshaping of American life by planes, trains, and
automobiles, the city was no longer a lonesome, off-the-beaten-track border town. It
had become accessible to the rest of the country. And future expansions of the city’s
population and economy were made possible, as well, by several massive public
works projects undertaken, during and after the war, to bring new and greater supplies
of freshwater to the city. Water would be crucial for the urban and industrial growth
that was soon to occur in San Diego.
WATER AND ROCKETS

In this chapter about ‘causal factors’ or necessary preconditions that ought to
figure into historical explanations for the emergence of the San Diego biotechnology
industry, the social and technical engineering that delivered the city’s supply of
freshwater is perhaps the most important and most fundamental. Without imported
water, the city of San Diego in its present form would not have become a realized
possibility and the local biotech industry would almost certainly not have a history to
explain. Most of San Diego County is semi-arid chapparal; moisture is scare. In the
late 19" and early 20" centuries, dozens of dams, reservoirs, and aqueducts were built
in various locations around the county in order to collect runoff from the Laguna and
Cuyamaca Mountains, where rainfall is relatively plentiful. These stored waters were

utilized for agricultural and industrial activity in and around the city, and to support
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the growing population.”’ The region’s naturally occurring groundwater supplies are
enough to sustain several hundred thousand people on a modern scale.’? In the 1930s,
this limit on urban development in the San Diego environment had begun finally to
appear on the horizon. San Diego, like many other Southern California communities,
recognized and began to confront a looming crisis — future progress and increased
wealth in the region would depend on the delivery of huge volumes of fresh water
from distant sources.

In September of 1945, after more than a decade of planning and a long delay
imposed by the war, construction began on a system that would siphon 55 million
gallons of water per day from the Metropolitan Aqueduct, the channel through which
Colorado River water is pumped toward Los Angeles, and carry it seventy-one miles
to the south, through a series of tunnels and canals to the San Vicente Reservoir just
outside the San Diego city limits. With engineering and manpower assistance from
the U.S. Navy, the project was completed in just over two years; the first drops from
the Colorado River arrived in San Diego in December 1947. Before the spigot was
even turned, however, the future insufficiency of this supply was recognized, and, in
San Diego, as in many other Southern California locales, public conversations
commenced on additional sources and pipelines. Anticipating shortages sooner rather

than later, state voters authorized the California Water Plan in 1960. The plan targeted

3! Kyle Emily Ciani, “A Passion for Water: Hans H. Doe and the California Water Industry,” Journal of
San Diego History, 1993, 39, 4; Metropolitan Water District of Southern California, San Diego’s Quest
for Water, San Diego, CA: San Diego Citizen’s Aqueduct Celebration Committee, 1947; “Water and
San Diego County; A Study for the San Diego County Water Authority,” Pheonix, AZ: Western
Management Consultants, 1966.
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the vast melting snow packs of the High Sierra as a new source. It called for water
from the Feather River and surpluses from the Oroville Reservoir in the Gold Rush
country of the Sierra foothills to be diverted hundreds of miles to the south in the
largest water transfer project ever undertaken. Mountain snowfalls eventually arrived
in San Diego in 1978. The problem of scarcity was solved.”> With access to steady
flows coming from the Colorado River and later the Sierra Nevada, the city has always
had enough water to sustain growth and increased productivity.

After World War II, San Diego remained a ‘Navy Town’ and its economy
continued to be dominated by industries that designed and manufactured products for
military customers. Through the 1950s, the Cold War, the proliferation of nuclear
weapons in the U.S. and the Soviet Union, the launch of Sputnik, and the ensuing
international space race provided the city’s aircraft manufacturers with ample
opportunities to survive and resume growth. To a significant degree, San Diego’s
economic progress during this period was directly linked to technological

developments, and, in particular, the expansion of national and international

*2 Philip R. Pryde, “Water Supply for the County,” pp. 113-133 in San Diego: An Introduction to the
Region, ed. Philip R. Pryde, Dubuque, IA: Kendall/Hunt, 1984.

33 The solution was only temporary, of course. As long as economic expansion and population growth
continue, more water will have to be delivered. Demand is nowhere subsiding while supplies are being
depleted at rates that alarm environmentalists. For decades, Californians have been eyeing fresh
sources. A 1966 study commissioned by San Diego County Water Authority reported that planners
were entertaining the possibility of importing waters from as far away as the Columbia River, or even
Alaska. See “Water and San Diego County,” Phoenix, AZ: Western Management Consultants, 1966, p.
35. San Diego has secured enough water for the present, but not the future, and the political economy
of water in the Western United States remains unsettled, as rapidly expanding cities, states, and
industries compete for access to scare supplies. Biotech operations use a lot of water, and as they
develop products and move into manufacturing, their requirements multiply. Access and costs will be
significant concerns when, and if, San Diego companies begin evaluating possible sites for new
manufacturing facilities. It is possible that new drugs will be designed in San Diego laboratories, but
manufactured elsewhere. Civic leaders naturally hope to prevent desertions of this kind, but they may
somehow have to guarantee water in order to do so.
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transportation systems and the entry of the U.S. and the rest of the world into the space
age. In 1953, Convair was purchased by General Dynamics, a huge aviation
conglomerate then headquartered in New York City. After a disastrous attempt to
compete with Boeing, Douglas, and Lockheed in the production of commercial
jetliners, Convair refocused on the design and manufacture of jet fighters and high-
altitude, long-range bombers deployed by the Strategic Air Command. The division
also moved into aerospace production. In 1954, work commenced in San Diego on
Atlas rockets, the lagnch vehicles for intercontinental ballistic missiles and, later,
NASA spacecraft. The Air Force ignited the first successful test booster in 1957.
Atlas vehicles were replaced in the U.S. nuclear arsenal by Thiokol’s Minuteman
missiles in 1965, but the space program continued to use them. Atlas rockets powered
Mercury and Apollo astronauts into orbit and beyond, along with hundreds of satellite
payloads, and the Ranger, Mariner, Pioneer, and Surveyor space probes. The huge
Convair facility next to Lindbergh Field and another massive plant on Kearney Mesa
kept many thousands of San Diegans busy throughout the Cold War period fashioning
these giant candles, and later, Tomahawk missiles and space shuttle fuselages. Ryan
Aeronautics also continued to manufacture military aircraft through the 1950s and
1960s, while diversifying into aerospace electronics, producing — notably — radar
systems for NASA spacecraft, including those used on Apollo lunar landing modules.
During this period, many smaller aerospace firms set up operations in San Diego, as
well.

Between 1940 and 1960, San Diego’s population more than doubled,

expanding to greater than half a million people. In the 1950s and 1960s, the first
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pieces of San Diego County’s now extensive freeway system were constructed, the
city’s downtown skyline, which today features numerous high-rise office buildings
towering over the bay, began to take shape, and new suburbs appeared and began to
sprawl, extending the boundaries of the city further and further to the north and the
east. The success of the defense industry was largely responsible for these
developments. In 1960, aircraft, missile, and aerospace electronics production
accounted for 72% of the dollar value of San Diego County’s gross industrial output.**
Still, for all the wealth that it generated, the aviation and aerospace sector could not
provide a foundation for stable economic progress in the region. Sensitive to
fluctuations in federal defense spending and allocations, the fortunes of the defense
industry in San Diego rose and fell with shifts in political winds across the continent
in Washington D.C., and around the world. The city and its defense contractors
enjoyed spurts of industrial expansion during the ‘50s and ‘60s, but also periods of
recession. In the middle of a particularly deep contraction, a 1965 Time magazine
cover story referred to San Diego as ‘Bust Town.” In the late 1960s, and especially
during economic downturns, business and government leaders in the city began to
applaud and encourage efforts to diversify the regional economy. The emergence of
new programs of electronics and energy research and development in the city, along
with increases in agricultural output, tourism, retail trade, and service industries began
to wean the city partially from its heavy dependence on federal defense contracts. By

the end of the 1960s, partly due to cutbacks in defense manufacturing, and partly due

34 Love, San Diego: Portrait of a Spectacular City, p. 201.
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to growth in other economic sectors, aviation and aerospace production accounted for
less than 50% of the County’s industrial output.*

Still, despite these changes in San Diego’s economic profile, the end of the
Cold War signaled hard times for the city in the early and mid-1990s. When U.S.
defense spending was slashed, a wave of mergers and acquisitions overtook the
aerospace industry, production was curtailed, and plants were sold or shut down all
across the country. In the midst of this upheaval, General Dynamics closed its
Convair division, including the two massive assembly facilities that had long since
become San Diego landmarks, and pulled out of the city entirely. Solar, Rohr, and
Ryan (renamed Teledyne Ryan after a merger in 1969) kept their doors open, but were
forced to scale back their operations considerably. Many other local aerospace firms
laid off workers en masse, or simply went out of business. The shipyards of the South
Bay also felt the crunch. These workforce reductions sent the local economy into a
tailspin (along with the rest of California, because of similar dependencies elsewhere
in the state). The end of the Cold War meant that the aerospace industry could no
longer serve as the principal foundation of San Diego’s economic livelihood, and
without this backbone in place, the city slumped into a deep recession. Yet, San
Diego was able to recover rapidly from the blow.

The local economy was given renewed life in the 1990s by many smaller,
‘knowledge-based’ high-tech companies developing novel telecommunications,

computer software, and biotechnological products.*® Firms in this category conduct

35 Love, San Diego: Portrait of a Spectacular City, p. 201.

3% Rick Dower, “San Diego’s Technological Turnabout,” San Diego Magazine, June 1996, pp. 50-55.
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business according to different operating principles than traditional ‘vertically-
structured’ corporate hierarchies that relied on brute manufacturing power and
confined concentrations of resources to generate profits and growth. They are
designed for a new and different business environment — and, in fact, collectively
create this environment — the ‘new economy’ in which growth is based on
decentralized innovation and horizontal flows of information across formal
organizational boundaries. Success and failure for these firms are not dictated by
conventional economies of scale, but rather by the human capital and the collective
know-how that they possess or lack. In the mid-1990s, San Diego was fortunate to
have these firms in residence, along with the scientists and engineers — the ‘think
workers’ — who make them go (although local industrialists still complain about a
chronic shortage of skilled technicians). A number of these companies that had gotten
modest starts two decades earlier were reaching levels of maturity that enabled them to
cover some of the losses that San Diego had experienced following the decline of the
aerospace giants. The seeds for this economic resurgence had been sown many years

before, in the 1950s and 1960s, during what Dan Berger, Peter Jensen, and Margaret

9337

2 113

C. Berg have called San Diego’s “educational renaissance.
THE SCIENTISTS ARRIVE

Through World War I1, San Diego’s only institution of higher of learning was
San Diego State College, which had been founded in 1897 as San Diego Teacher’s

College. The region’s sole institution of academic scientific research was the Scripps

*" Dan Berger, Peter Jensen, and Margaret C. Berg, San Diego, Where Tomorrow Begins, Northridge,
CA: Windsor Publications, 1987; ch. 4.
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Institution of Oceanography, established in La Jolla, in 1912. In the post-war era,
however, San Diego was transformed into a world-class center of higher education,
science, engineering, and medicine with remarkable alacrity. This transformation can
be attributed, in part, to the optimistic faith in science and technology that spread
across the U.S. in the 1950s. American science and technology had put an end to
World War Il in a spectacular manner, and the country readily embraced the vision of
the postwar world promoted by Vannevar Bush, an influential advisor to U.S.
Presidents, and director of the wartime Office of Scientific Research and Development
. In 1945, Bush depicted the United States as a nation poised to explore an ‘endless
frontier’ of economic prosperity and world dominance, a frontier on which scientists
and technologists would be the trailblazers.”® Commitment to this vision was
contagious. In the 1950s, America’s leaders at all levels were persuaded that
economic progress and national security in the future would depend on advances in
science and technology, and they were convinced that public investments in ‘pure’
science could be readily translated into practical benefits. America was ready to ‘go
nuclear,” and willing to throw money at the sciences in order to do so.””

A good deal of this money eventually found its way to San Diego. During the
early years of the Cold War, federal policies authorizing expanded government

support of basic scientific research convinced California legislators, political

*® Vannevar Bush, Science: The Endless Frontier: A Report to the President on a Program for Postwar
Scientific Research, Washington, D.C.: National Science Foundation, 1960 [1945].

3% For a social history of the policy processes and debates that preceded definite funding commitments
to the sciences at this historical juncture, see Daniel Lee Kleinman, Politics on the Endless Frontier:
Postwar Research Policy in the United States, Durham, NC: Duke University Press, 1995. For case
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administrators, educators, and businesspersons that real opportunities existed for
enlarging the state’s institutions of science and higher learning. San Diego’s civic
elite had long argued that the city deserved to be the site of a new UC campus, but
these pleas had previously fallen on mostly deaf ears. After the war, however, the
city’s size, and the head start that it enjoyed in the development of space age
technologies, thanks to its military installations and aviation and aerospace industries,
made such arguments more persuasive and difficult to ignore. Advocates of the idea
in San Diego, eager to secure the economic and cultural benefits that they anticipated a
new university and center of academic scientific research would bring to the city,
pressed the state and the UC system for action throughout the 1950s.* They were
eventually rewarded for their efforts when a graduate school of science and
engineering opened its doors in 1960, along the coast in La Jolla, on land donated by

the city. Undergraduates first arrived for instruction in 1964.

studies, see Stuart Leslie, The Cold War and American Science: The Military-Industrial Complex at
MIT and Stanford, New York: Columbia University Press, 1993.

* Influential support for the new school was lent, for example, by John Jay Hopkins, president of
General Dynamics, which, in 1953, had acquired Convair, San Diego’s largest employer. Hopkins
envisioned San Diego as the site of a vital and progressive scientific-industrial-military complex. He
promised to locate a nuclear energy research facility in San Diego if the city and the University of
California would commit itself to generating an “appropriate academic atmosphere” to support it. In
1955, apparently satisfied that a new university was in the works, Hopkins opened General Atomics, a
division of General Dynamics, on Torrey Pines Mesa in La Jolla. Hopkins also pledged that his
corporation would donate $1 million to establish a center for research in physics on the new campus, if
the school was located adjacent to the General Atomics complex. Five years later, it was. See Nancy
Scott Anderson, An Improbable Venture: A History of the University of California, San Diego, La
Jolla, CA: UCSD Press, 1993; p. 56. Gulf Oil purchased General Atomics in 1967. Today, the
company is privately held. It still operates on Torrey Pines Mesa — the address now reads John Jay
Hopkins Drive — pursuing a diversified research agenda, including work on lasers and cryotechnologies.
Rental spaces in the monstrous, circular GA facility have housed numerous local high-tech and biotech
ventures in their start-up phases.
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One of the principal architects of the new university’s charter was Roger
Revelle, a marine geologist and scientific statesman of imposing stature — both
physical and professional — who had been named director of the Scripps Institution of
Oceanography in 1951. Initially, Revelle sought only to improve and expand graduate
training and research at SIO, but he began eventually to lobby for the construction of a
general university in San Diego as a new addition to the state-wide system. In 1955,
the UC Regents ordered Revelle to compile a feasibility report on such an
undertaking, and, in 1958, they approved a plan that bore the stamp of Revelle’s
politicking. Revelle imagined a “Cal Tech of the UC system,” an institution dedicated
mainly to the advancement of the physical sciences.’’ When the La Jolla campus was
inangurated in 1960, Revelle was named its chief administrative officer and the Dean
of the School of Science and Engineering. The character of the university in its early
years was shaped by Revelle’s leadership and his insistence on recruiting to the new
faculty only stellar scientists, only the most productive and well-respected contributors
to their fields. Sunshine, intellectual ferment, and full professorships were dangled as
bait, and many bit. From its inception, UC-San Diego was a premier institution of
scientific research. Its founding was a key event in the transformation of San Diego
into the mecca of science and high-technology that it has since become.

UCSD’s academic departments and laboratories have continued to maintain
their reputations for excellence. In 1994, the National Research Council ranked

UCSD programs in oceanography, neuroscience, biomedical engineering, physiology,

# Nancy Scott Anderson, An Improbable Venture: A History of the University of California, San
Diego, La Jolla, CA: UCSD Press, 1993; p. 38.
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pharmacology, genetics, geosciences, cell biology, anthropology, political science,
biochemistry, molecular biology, psychology, mechanical engineering, and aerospace
engineering among the top ten in the country. The NRC rated the quality of the
faculty in UCSD graduate programs overall as tenth best.”? A recent analysis of
scientific output at major U.S. universities found UCSD researchers to be the most
productive in the country.”® In 1994, the school ranked fifth in the nation in terms of
attracting federal expenditures for scientific research, following Johns Hopkins, the
University of Washington, MIT, and Stanford, and was first among public institutions.
UCSD received $266.2 million. This figure was by far the highest in the UC system
(UCSF received $213.3 million, UCLA was granted $190.2 million, and UC-Berkeley
garnered $152.5 million). In 1996, public and private agencies together awarded
UCSD researchers and programs a total of $325 million in contracts and grants.

By all reckonings, the university has lived up to its promise, not only as place
where knowledge 1s advanced and culture is transmitted, but also as an engine of
economic growth. In 1995, the school calculated that its operations the previous year
had attracted $730 million to the San Diego region annually, that the total economic
impact of the university on the local economy exceeded $1 billion, that its activities
translated into 59,000 jobs locally and another 58,000 elsewhere, and that for every

dollar invested by California in the San Diego campus, the school generated four more

42 University of California, “Economic Impact,” La Jolla, CA: University of California, San Diego,
1995.

“ Hugh Davis Graham and Nancy Diamond, The Rise of American Research Universities: Elites and
Challenges in the Post War Era, Baltimore, MD: Johns Hopkins University Press, 1997.
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for the city, state, and nation.** These figures do not include the downstream impact
of emerging technologies transferred from the university to private industry, a process
that the university administration has worked to facilitate through the establishment of
a number of different liaison offices and programs.* In 1997, the university estimated
that at least 119 locally operated telecommunications, software, and biotech
companies, with annual revenues exceeding $1.8 billion, were based on technologies
developed at the school and its special centers, or founded by UCSD faculty, alumni,
staff, and students. These numbers continue to increase; more UCSD-related start-ups
follow on every year."°

The university has remained focused on the mission intended by the San Diego
industrialists and politicians who championed its formation in the 1950s: the provision
of practical technological and economic benefits to the city, the state, and the nation at
large. Much of the scientific work performed at UCSD is conducted with definite
utilitarian ends in mind. In addition to its many top-flight departments and
laboratories of basic scientific inquiry, the campus houses numerous centers and
institutes that concentrate on practical applications of research in areas such as
supercomputing, wireless communications, materials sciences, structural engineering,

optoelectronics, magnetic recording, nuclear fusion, energy conservation and pollution

control, molecular genetics, biotechnology, biomedical engineering, biomedicine, and

# University of California, “Economic Impact,” 1995.

* See University of California, San Diego, University Communications Office, “Partners in Business:
A Guide to the Resources UCSD Provides for Business,” La Jolla, CA: University of California, San
Diego, 1997.

% University of California, San Diego, “Economic Impact Report,” 1996; p. 5.
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cancer research. These centers partner with industrial concerns and government
agencies in a wide variety of arrangements, from contract research to, lately, joint
commercial ventures, and their research agendas are often dictated by external
interests.”’

The original emphasis on the San Diego campus was the physical sciences, but
top-flight bioresearchers were soon recruited to set up shop in La Jolla, as well.*®
Federal largesse conferred first on the physical sciences in the 1950s was soon
extended to the biological and biqmedical sciences, in addition, creating new
opportunities for the expansion of training and research in these fields at institutions of
higher education around the country. Almost immediately, UCSD began bringing in
prominent life scientists to tap these resources and proceed with their investigations in
laboratories and offices with ocean views. Renowned geneticist David Bonner came
from Yale to put together the Department of Biology and to lead raiding parties
around the country and the world to capture luminous colleagues. Bonner’s efforts
collected many trophies. The on-campus presence of these stars contributed
significantly to the eventual formation of the biotechnology industry in the city.
UCSD’s life scientists soon came to constitute what Revelle had considered crucial for
the development of a vibrant intellectual community and a world-class university — a
‘critical mass’ of bodies, minds, and know-how that could reproduce itself and

generate and sustain its own independent scientific momentum. This ‘critical mass’

47 University of California, San Diego, University Communications Office, “Partners in Business.”

8 Nancy Scott Anderson tells of academic feuding in UCSD’s early days that had to do mainly with
“biology’s challenge to the campus dominance of physics.” See Anderson, An Improbable Venture, pp.
139-141.
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was not long limited to the new UC campus, however. Around the same time that
prominent biologists and biochemists began arriving at UCSD, other chains of events
were unfolding locally in ways that would deliver more stellar bioresearchers to the
city. Eventually, for a brief time in the late 1970s and early 1980s, most of them
would congregate on a small patch of ground in La Jolla, occupying labs in three
institutions located within shouting distance of the intersection of North Torrey Pines
Road and Genesee Avenue.
THE OTHER PLACES AROUND UCSD

In addition to UCSD, North Torrey Pines Road is today the address of the
Scripps Research Institute, the world’s largest not-for-profit biomedical research
facility. The institute was established in 1955. The Scripps story begins around the
turn of the 19th century, when Ellen Browning Scripps, along with her brother,
Edward W. Scripps, decided to retire to a San Diego County ranch. From the ranch,
the pair directed a newspaper empire, consisting of nineteen periodicals in various
cities around the country, that they had begun building together in the 1870s. Ellen
became known in the area as a generous philanthropist (Edward W. did not). She
provided most of the funds that zoologist William E. Ritter used to transform a tiny
marine biology station in La Jolla into a leading center of ocean science that was
administered, after 1912, by the University of California — the Scripps Institute of
Oceanography. She also financed the construction of Scripps Memorial Hospital in La
Jolla in 1924. Today a large chain of medical centers, Scripps Memorial has facilities

all around the county. That same year, Scripps donated money for the establishment
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of Scripps Metabolic Clinic, an entity independent of the hospital.” In 1955, the
clinic decided to expand its research activities, and reorganized itself as the Scripps
Clinic and Research Foundation. In 1977, the foundation was moved to Torrey Pines
Mesa, just north of UCSD, on oceanfront property donated by Dow Chemical. Dow
had planned to build a napalm manufacturing facility on the site, but gave up on the
idea as the war in Vietnam began to wind down. When the clinic and the research
institute became affiliated with Scripps Memorial Hospitals in 1991, their
administrations were partitioned. Each became a separate corporation under the
umbrella of a larger parent, the Scripps Institutions of Medicine and Science

In 1961, Scripps lured leading immunologist Frank Dixon and four colleagues
away from the University of Pittsburgh, and, with this acquisition, entered the arena of
big-time biomedical research.”® With its reputation boosted by the presence of
Dixon’s team, Scripps was able to begin attracting many other high-profile
bioscientists. Today, the quality of the faculty and the research conducted at the
institute is internationally recognized. The size of the operation is impressive. Scripps
is home to roughly 300 faculty members, 800 postdoctoral fellows, 140 graduate
students, 1,500 technical and administrative support personnel, and one million square
feet of laboratory space. Work at the institute is divided among eight different

departments: cell biology, chemistry, immunology, molecular biology, molecular and

* San Diego Historical Society, “San Diego Biographies: Ellen Browning Scripps (1836-1932),”
http://'www.sandiegohistory.org/bio/scripps/ebscripps.html.

%0 See Scripps Clinic and Research Foundation, Office of Development, Scripps Clinic and Research
Foundation: A Brief History, La Jolla, CA: Scripps Clinic and Research Foundation, 1984; and
Research Institute of Scripps Clinie, Research Institute of Scripps Clinic: A Twenty-Five Year History,
La Jolla, CA: Research Insititute of Scripps Clinic, 1986.
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experimental medicine, vascular biology, neurobiology, and neuropharmacology.
Within these units, Scripps scientists pursue both basic inquiries into fundamental
biological and biochemical processes and research on potential therapies for a host of
serious infectious, genetic, and autoimmune diseases, including AIDS, allergies,
Alzheimer's disease, cancer, diabetes, hepatitis, and multiple sclerosis.

Under the leadership of current president Richard A. Lerner, Scripps has
aggressively pursued ever closer working relationships with pharmaceutical
companies in order to fund its research (in part, because the institute is not affiliated
with a university, and lacks the infrastructural support that such institutions provide to
the sciences).”’ These arrangements have broken new ground in the organization of
biomedical science, and they have sometimes been controversial.”> The impacts that
academic-industry alliances and the commercialization of scientific knowledge will
have on the character of future research remain uncertain. Lerner, a productive
immunologist with a long record of achievement, has, in the course of conducting his
own research, become personally embroiled in disputes about norms of scientific
conduct, communication, patents, and conflicts of interest.>> In addition to generating
new knowledge, scientists and administrators at places like Scripps are transforming
the conditions under which scientific inquiries are conducted, and they have received

plenty of criticism for it. Still, the institute is proud of its history and optimistic about

*! See Josh Lerner, “The Scripps Research Institute,” Harvard Business School Case 295-068,
Cambridge, MA: Harvard Business School, 1994,

*2 See Christopher Anderson, “Scripps Backs Down on Controversial Sandoz Deal,” Science, 1993,
260: 1872-1873; Anderson, Christopher, “Proprietary Rights — Scripps-Sandoz Deal Comes Under
Fire,” 1993, 259: 889; Ann Gibbons, “Scripps Signs a Deal With Sandoz,” Science, 1992, 258: 1570.
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what is yet to come. Its promotional materials call Scripps “a name that will likely be
associated with some of the greatest biomedical advances of the decades ahead.”*
Perhaps, but scientists at Scripps have already done much to advance the technical
capacities of biomedicine; technologies developed at the institute have already served
as the basis for dozens of new biotechnology companies in San Diego and elsewhere.

A third center of cutting-edge bioscience, and another draw for leading experts
in biomedical fields, appeared on North Torrey Pines Road in 1963, when Jonas Salk,
inventor of the world’s first polio vaccine, came to town and established another
private, not-for-profit research organization, the Salk Institute for Biological Studies.
Taking advantage of his notoriety and the acclaim that he had received following the
introduction of his vaccine, Salk began to investigate possibilities for leaving the
University of Pittsburgh Medical School, where his work on polio had been
conducted, to set up his own house of research in a more enticing setting. In 1960,
having secured a $20 million grant from the National Science Foundation, and
additional support from the March of Dimes, Salk accepted an invitation from the city
of San Diego and the new academic community at UCSD to visit and discuss the ways
in which a La Jolla location and proximity to the growing university might be
beneficial for his project. When he arrived, Mayor Charles Dail, a childhood polio
victim, offered, with the permission of the City Council, to donate land and suggested
a number of municipal properties as possible sites. Salk was taken by La Jolla and

selected seventy prime acres overlooking the Pacific, lands that had previously been

53 Nicholas Wade, “La Jolla Biologists Troubled By the Midas Factor,” Science, 1981, 213: 623-628.

** “TSRI — History,” http://www.scripps.edu/intro/history.html.
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promised to UCSD. The gift became a source of conflict. Some university
administrators did not wish to surrender rights to the property. Roger Revelle and
Salk sniped at each other publicly, and privately engaged in a series of bitter shouting
matches, but still eager to have Salk relocate in La Jolla, university officials eventually
acquiesced.”

Research at the Salk got underway in 1963, and, in 1967, a new laboratory
facility designed by architect Louis Kahn was dedicated. The building has been hailed
widely as a masterpiece of modern architecture. Its stark concrete perimeter conceals
a tranquil and harmonious light-splashed inner courtyard that frames stunning views of
the blue sky above and the blue Pacific below. Today, most Salk researchers (seventy
principal faculty members and many more staff scientists and graduate students work
on site) conduct basic inquiries in molecular biology and genetics. Numerous ongoing
investigations are focused directly on disease mechanisms and processes that work at
the molecular level. The institute has also become known as a leading center for the
study of the brain. The Salk presently administers nine different research programs in
neurobiology and cognitive science. It hosted Nobel laureate Francis Crick, co-
discoverer, with James D. Watson, of the double-helical structure of the DNA
molecule, until his recent death in San Diego. Crick spent his later years theorizing
about the material substrates of consciousness.”® Salk scientists regularly collaborate

with colleagues at UCSD and Scripps, and, although Jonas Salk himself declined to

% Nancy Scott Anderson, An Improbable Venture, pp. 61-62.

% See Francis Crick, The Astonishing Hypothesis: The Scientific Search for the Soul, New York:
Scribner’s, 1994,
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patent the polio vaccine that he invented, his institute actively pursues opportunities to
license intellectual properties and transfer technologies to industry for further
development. Salk technologies have formed the basis of some of San Diego’s largest
biotech companies.

Many other biological and biomedical research institutes have been established
in San Diego since the 1970s, and they have contributed to the vitality of the life
science community in the city, but the formation of one other organization was
especially important in the development of San Diego’s ‘critical mass’ of bioscientific
expertise and the growth of the local biotechnology industry.”” Plans for opening a
medical school affiliated with UCSD had been on the university’s agenda from the
time the school was founded. Due to prolonged administrative wrangling within the
UC system, and extended budget negotiations between the university, the UC Regents,
and the statehouse in Sacramento, the first facilities and the first class of medical
students did not materialize until 1968.°® At issue was the kind of professional
training that would take place at the new school. Faculty and administrators in San
Diego envisioned an institution that would, of course, carry out the traditional

functions of a medical school — teaching, patient care, and research — but with a

7 The growth of San Diego State University has also been an important part of the city’s ‘educational
renaissance’ and its emergence as a contemporary center of science and high-tech innovation. Formerly
San Diego State College, the school achieved university status in 1971, and became part the massive
California State University system. In 1994, it was designated a doctoral institution, and began granting
Ph.D.s in conjunction with other schools. Today, more than 25,000 undergraduates enroll at SDSU
each semester, and the university ranks number one among Cal State campuses in terms of attracting
public and private research grants and contracts, nearly $100 million annually in recent years.
Numerous smaller schools and community colleges are located in the city, as well, along with the
University of San Diego, a Roman Catholic institution with 7,000 undergraduate and professional
students.

5% Anderson, An Improbable Venture, ch. 7.
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decided emphasis on the latter, and more specifically, with a decided emphasis on
basic rather than clinical research. In keeping with the strong commitment of the
campus to academic science, the plan was to integrate the life science faculties of the
general university into the medical school curriculum and to train medical students in
laboratories conducting basic biomedical investigations. UCSD intended to produce a
new generation of physician-scholars.

Lawmakers and budgeteers in Sacramento, and the California Medical
Association, too, were not enthusiastic about manufacturing more scientists; they were
more interested in preparing the state to cover a predicted shortfall of practicing
doctors at a reasonable cost. UC system officials were naturally sensitive to these
practical concerns. A series of compromises resulted, and the Regents eventually
endorsed a mission of “broad-gauged and high quality education of physicians for
service.” When the UCSD School of Medicine finally opened its doors for the first
time, a roster of famous clinicians and practitioners had been recruited, and had
assumed positions of power within the institution. This group, despite the concerted
opposition of the academics, was able to influence considerably the direction of the
place. The school was established with a built-in identity crisis, and never became the
temple of pure medical science that many of the academicians on campus taking part
in the project had hoped it would.

Still, the research component of the program, including a commitment to basic

inquiry, remained the school’s primary focus and selling point, and it continues to be

> Anderson, An Improbable Venture, p. 157.
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an identifying characteristic of the institution. The UCSD School of Medicine has
developed a national reputation for excellence in both basic and clinical biomedical
science. It is ranked consistently among the top ten in the country. Medical school
scientists and clinicians collaborate with numerous campus centers engaged in ‘basic’
and ‘applied’ research on the mechanisms, treatment, and prevention of disease,
including the UCSD Cancer Center, the Center for Molecular Genetics, and the
Biomedical Engineering Institute. More than four hundred faculty members perform
laboratory or clinical investigations that are supported more than $130 million
annually in sponsored research funding. No medical school in the nation has more
principal investigators conducting federally funded research.®® Many of the most
prominent and prolific bioscientists in San Diego are faculty members at the UCSD
School of Medicine, and many of them have become active scientific entrepreneurs,
transferring their work to industrial labs, through various means, when they have
generated new knowledge or developed new techniques of practical medical use and
apparent commercial value. Like San Diego’s many other bioresearch organizations,
the UCSD School of Medicine has encouraged this kind of activity, and has attempted
to streamline the process.®’

MOLECULAR BIOLOGY AND BIOLOGICAL IMMUNOLOGY

The fields of scientific inquiry that laypersons typically associate with

biotechnology — because they have received the most attention from the press — are

8 Anderson, An Improbable Venture, p. 1.

81 See UCSD School of Medicine, “A Study of the Biotechnology Transfer Process,” La Jolla, CA:
UCSD School of Medicine, October 1987.
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molecular biology and molecular genetics.®* The business of biotechnology came into
being in the 1970s on the heels of an important advance that signaled, to forward-
looking observers, the feasibility of applying cutting edge research in these areas to
commercial ends. In 1973, biochemist Herbert Boyer, working at the University of
California, San Francisco, and geneticist Stanley Cohen, at the Stanford School of
Medicine, together pioneered techniques for manipulating the expression of proteins in
microbes. They inserted active bits of foreign DNA (genes from the African clawed

toad, Xenopus laevis) into E. coli bacteria, and recombinant DNA, or ‘gene splicing,’

technology was born. The scientific groundwork for this breakthrough began much
earlier with the development of new tools and new forms of biological thinking in the
late 1930s. The ascendance and articulation of the molecular ‘paradigm’ in biology
during the middle decades of the 20™ century laid the theoretical and technical
foundations on which later biotechnological innovations such as ‘gene-splicing’ would
be built.”® In fact, some recent historians of science adopting ‘internalist’ approaches
(those that tend to privilege conceptual developments in scientific fields as

explanations for the production of new scientific facts and theories) have treated the

62 The field of biotechnology today encompasses work conducted in many different scientific
disciplines. The diversity of R&D projects undertaken by biotech firms (and, often, their academic
collaborators) is impressive. Later chapters of this work detail numerous approaches to drug discovery
and development explored by biotechnologists in private laboratories in San Diego.

% On the history of molecular biology, see Garland Allen, Life Science in the Twentieth Century, New
York: John Wiley & Sons, 1975, ch. 7; Soraya de Chadarevian, Design for Life: Molecular Biology
after World War II, Cambridge: Cambridge University Press, 2002; S.F. Gilbert, “Intellectual
Traditions in the Life Sciences: Molecular Biology and Biochemistry,” Perspectives in Biology and
Medicine, 26: 151-162; Horace Freeland Judson, The Eighth Day of Creation, New York: Simon &
Schuster, 1979; Michael Morange, A History of Molecular Biology, trans. Matthew Cobb, Cambridge,
MA: Harvard University Press, 1998; R.C. Olby, The Path to the Double Helix, New York: Macmillan,
1974; John W. Servos, Physical Chemistry from Otswald to Pauling: The Making of a Science in
America, Princeton, NJ: Princeton University Press, 1990; and Edward Yoxen, “Giving Life a New
Meaning: The Rise of the Molecular Biology Establishment,” Sociology of the Sciences 6: 123-143.
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emergence of the biotechnology industry mostly as an addendum to the rise of
molecular biology.**

The development of molecular biology was profoundly influenced by a
migration of theoretical physicists to the study of biological topics and questions in the
1930s.%° This group believed that investigating the physical configurations and
properties — the ‘stereochemistry’ — of biological substances and organisms would lead
them to ‘the secret of life.”®® They supplemented the serological and microbiological
experimental methods that had previously dominated biochemistry and genetics with
new tools including electron microscopy and x-ray crystallography, techniques used to
map the structures of molecules in three dimensions, and fractionation procedures like
ultracentrifugation, chromatography, and electrophoresis, which are used to separate
and purify components of biological substances according to molecular weight or by

electrical charge.”” The ferment of research into the molecular basis of life using these

6% See, for example, Horace Freeland Judson, The Eighth Day of Creation: Makers of the Revolution in
Biology, New York: Simon & Schuster, 1979; Michael Morange, A History of Molecular Biology,
trans. Matthew Cobb, Cambridge, MA: Harvard University Press, 1998. Cf. Robert Bud, The Uses of
Life: A History of Biotechnology, Cambridge University Press, 1993.

% For a social history of the phenomenon, see Evelyn Fox Keller, “Physics and the Emergence of
Molecular Biology: A History of Cognitive and Political Synergy,” Journal of the History of Biology,
1990, 23: 389-409.

6 An influential statement of this view was offered by Erwin Schrédinger in What is Life? The Physical
Aspect of the Living Cell & Mind and Matter, Cambridge: Cambridge University Press, 1967 [1944].

87 For historians’ takes on the significance of new technologies in the development of molecular
biology, see Lily E. Kay, “Laboratory Technology and Biological Knowledge: The Tiselius
Electrophoresis Apparatus, 1930-1945,” History and Philosophy of the Life Sciences, 1988, 10: 51-72;
and Nicolas Rasmussen, “Making a Machine Instrumental: RCA and the Wartime Origins of Biological
Electron Microscopy in America, 1940-1945,” Studies in History and Philosophy of Science, 1996, 27:
311-349. Kay notes that as research was organized increasingly around expensive new technologies,
many areas of biological inquiry were transformed into ‘Big Sciences.” For case studies framed by a
similar theoretical agenda, see Adele E. Clarke and Joan H. Fujimura, eds., The Right Tools for the Job:
At Work in the 20% Century Life Sciences, Princeton, NJ: Princeton University Press, 1992.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



240

new tools came to fruition with James D. Watson and Francis Crick’s discovery of the
double-helical structure of the DNA molecule. Watson and Crick (originally a
theoretical physicist), were, like many others at the time, led into their work by prior
experiments indicating that simple DNA molecules, and not proteins, contained the
basic genetic information that supervises the assembly of all other cellular materials,
which then interact and move through the dazzlingly complex metabolic pathways that
constitute life.°® Watson reports, in his autobiographical account of the discovery
process, that the pair arrived at their conclusions principally by combining Rosalind
Franklin’s structural X-ray diffraction data with basic knowledge of chemical bonds
and the chemical composition of the molecule.”

In the concluding lines of their landmark paper, Watson and Crick famously
wrote: “It has not escaped our notice that the specific pairing [of the molecule’s

constituent purine and pyrimidine bases] we have postulated immediately suggests a

88 Microbiologist Oswald Avery is generally credited with producing the clinching evidence in
experimental work conducted at the Rockefeller Institute in New York in the early 1940s, although his
findings did not initially convince many colleagues. Biologists and geneticists were simply not
prepared to accept that a molecule as simple and humble as DNA made up genes. Avery’s proof came
from an experiment on pneumococcus bacteria. Pneumococcus appears in two different forms —a
virulent ‘S’ (smooth) strain and a non-infectious ‘R’ (rough) strain. Avery extracted and purified DNA
from S pneumococci and added it to a colony of the R type. In the culture of inactive rough-coated
bacteria there began to appear new generations of the virulent smooth strain. The experiment is simple,
and the transformation of bacterial types had been observed before, but because biologists believed that
proteins must be involved, no one had thought to experiment with purified DNA. Avery accidently
stumbled across it when he developed a procedure for separating the inner contents of S pneumococcus
cells from their outer coats. After disposing of the outer cell membranes, the remaining substance
continued to produce the genetic transformation. Avery then conducted a series of systematic chemical
analyses to isolate the active agent in the mix. The process of elimination revealed that it was, in fact,
DNA. For an account of Avery’s experiments and their reception, see Horace Freeland Judson, The
Eighth Day of Creation: The Makers of the Biological Revolution, New York: Simon & Schuster, 1979;
pp- 14-23.

% James D. Watson, The Double Helix: A Personal Account of the Discovery of the Structure of DNA,
ed. Gunther S. Stent, New York: W.W. Norton & Co., 1980 [1968].
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possible copying mechanism for the genetic material.”’’ With the structure of DNA in
hand, molecular biologists began to investigate the ways in which genes replicate and
function. The new paradigm in biology enabled researchers to read the molecular
language of the cell and to begin filling in the blanks of the ‘central dogma’ of
molecular biology — the idea that genetic information is transmitted from the coded
arrangement of nucleotide base pairs in the DNA molecule via RNA to sites of protein
synthesis. Researchers began to detail the complex polymerase enzyme-driven
processes of DNA synthesis and RNA transcription, to elucidate the roles of mRNA
(messenger), tRNA (transfer), and rRNA (ribosomal) in ‘translation,’ i.e., the
selection, ordering, and linking of the amino acids that constitute protein molecules,
and to develop techniques for mapping genes on chromosomes and isolating and
characterizing specific DNA sequences.”’ With the identification, in the late 1960s, of
restriction and ligating enzymes that permit researchers to ‘cut and paste’ fragments of
DNA, the scientific stage was set for the development of recombinant DNA (rDNA)
techniques.

In 1972, in San Francisco, Boyer was investigating restriction enzymes that
cleaved DNA molecules at specific intervals. At the same time, in Palo Alto,
researchers at Stanley Cohen’s Stanford lab were busy with their efforts to clone genes

in E. coli. They were inserting into bacterial plasmids — small circular strands of DNA

7 J.D. Watson and F.H.C. Crick, “A structure for deoxyribose nucleic acid, Nature, 1953, April 25:
737-738.

' The most complete historical account of these developments is Horace Freeland Judson’s The Eighth
Day of Creation: Makers of the Biological Revolution, expanded edition, Plainview, NY: Cold Spring
Harbor Laboratory Press, 1996.
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— foreign genetic material in order to confer on the microbes and their descendants in
subsequent generations resistance to antibiotics. Learning about each other’s projects
at a conference in Hawaii, Boyer and Cohen realized that their methods and objectives
could be complementary. They decided to team up. Working together, they found an
enzyme that reliably snipped E. coli plasmids at a definite location, leaving ‘sticky
ends’ on the broken strands. The sticky ends allowed the researchers to introduce
foreign genes into the breach. When they managed to culture microorganisms that
produced proteins ordinarily found in African clawed toads and not bacteria, the era of
genetic engineering had begun, and the birth of the biotechnology industry followed
on shortly after.

Stanford patented Boyer and Cohen’s technique, and, for the bother, received
$250 million in royalties over the years before the patent expired in 1997. The
invention was commercialized on April 7, 1976, with the incorporation of Genentech,
the world’s first dedicated biotechnology company. Genentech was initially a
collaboration between Boyer and Bay Area venture capitalist Robert Swanson.
Although Cohen was enthusiastic about practical applications of recombinant DNA
techniques, he was reluctant to capitalize on the breakthrough and declined to
participate. Boyer and Swanson envisioned production at the company taking place in
tiny biological factories that would generate proteins and other substances to be used
as medicinal therapies and for a variety of other purposes. They recruited a group of
young post-docs to push forward the firm’s R&D operations, and to compete with

leading academic researchers working simultaneously with rDNA, notably William
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Rutter and Howard Goodman at UCSF and Walter Gilbert at Harvard, in a scientific
race to clone a human gene.”

In 1977, Genentech scientists beat the academics to the finish line, and became
the first to coax a gene into expressing a human protein, somatostatin, in a
microorganism (but not without difficulties that almost sunk the company).
Genentech had no intention of marketing somatostatin, a relatively simple brain
hormone, comprised of only fourteen amino acids. The work was conducted to
demonstrate the utility of recombinant DNA technology, and to attract investors. The
following year, the Genentech scientists cloned the gene that expresses human insulin,
a much more complex molecule. This was the real prize that the company was after,
because the market for human insulin (dominated for years by Eli Lilly) is enormous.
The next target was human growth hormone. The gene for HGH was synthesized in
1979. Genentech’s pilot manufacturing facility was soon filled with vats of bacteria
spitting out these substances in large quantities. In 1982, the company’s human
insulin became the first recombinant product approved by the FDA and the first to
reach the shelves of pharmacies. (Dubbed ‘humulin,’ it was, and still is, distributed by
Lilly, which had purchased manufacturing and selling rights in exchange for R&D
support and downstream royalties). Molecular biology had gone to market.

While molecular biologists have played important roles in the development of

biotechnologies in San Diego, the very first scientific entrepreneurs in the city were

72 Stephen S. Hall, Invisible Frontiers: The Race to Synthesize a Human Gene, New York: Atlantic
Monthly Press, 1987. See also “Recombinant DNA Research at UCSF and Commercial Application at
Genentech” [interview with Herbert W. Boyer, Ph.D.], UCSF Oral History Program and the Program in
the History of the Biological Sciences and Biotechnology, The Bancroft Library, University of
California, Berkeley, 2001.
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people involved in the fields of immunology, cell biology, and cancer research. The
disciplinary history of immunology, and particularly trends within it that emerged in
the 1950s and 1960s, had a direct bearing on the early formation of the San Diego’s
biotech industry in the 1970s.” The modern science of immunology shares its origins
with bacteriology and serology, and early practitioners drew up research agendas that
were influenced significantly by medical and public health concerns.”* From the
beginning, they were concerned with explaining the phenomenon of immunity — the
mysterious and apparently healing ‘commotion in the blood’ that accompanies
infectious illness.”” The germ theory of disease promoted by Pasteur and Koch and
the corollary notion of biological specificity provided researchers in the late 19"
century with a conceptual framework for investigating it. The early immunologists
experimented with soups — blood, serum, and microbial cultures — in order to identify
disease-causing agents and to develop antidotes and prophylactic vaccines. However,
while they discovered that immunity could be induced, successes in treatment and

prevention were limited.

7 For broad histories of the science of immunology, see Debra Jan Bibel, Milestones in Immunology: A
Historical Exploration, Madison, WI: Science Tech Publishers, 1988; Pauline M. Mazumdar, ed.,
Immunology 1930-1980: Essays on the History of Immunology, Toronto: Wall & Thompson, 1989;
Arthur M. Silverstein, “The History of Immunology,” ch. 2 in Fundamental Immunology, 4" ed., ed.
William E. Paul, M.D., Philadelphia, PA: Lippincott-Raven, 1999; and Arthur M. Silverstein, A History
of Immunology, San Diego: Harcourt Brace Jovanovich, 1989.

™ See Allan Chase, Magic Shots: A Human and Scientific Account of the Long and Continuing
Struggle to Eradicate Infectious Diseases by Vaccination, New York : Morrow, 1982; Timothy Lenoir,

“A Magic Bullet: Research for Profit and the Growth of Knowledge in Germany around 1900,”
Minerva, 1988, 26: 66-88; Dorothy Porter and Roy Porter, “The Politics of Prevention: Anti-
Vaccinationism and Public Health in 19th-century England,” Medical History,1988, 32: 231-252.

7 Stephen S. Hall, A Commotion in the Blood: Life, Death, and the Immune System, New York: Holt,
1997,
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Basic biological and chemical knowledge of the substances responsible for the
immunologic properties of blood and serum remained impoverished during the
discipline’s formative years. Leon Chernyak and Alfred 1. Tauber credit Ilya
Metchnikoff with formulating the first modern immunological theory, in 1883.7
Metchnikoff attributed immune activity to phagocytic white blood cells. In 1890,
however, von Behring and Kitasato demonstrated that injections of serum purged of
cells could confer passive immunity, and attention in the field was turned away from
cellular activity to humoral factors. Immunologists began searching for invisible
‘magic bullets,” as Paul Erlich dubbed them around the turn of the century — antitoxic
substances that apparently circulated in the blood, contacting and rendering impotent
harmful microbes and other pathogens. Erlich’s influential ‘side chain’ theory was the
first to conceptualize antitoxins, or antibodies, as they would soon come to be known.
Erlich theorized that antitoxins were nutrient receptors on cell surfaces. He
hypothesized that when an organism is exposed to foreign disease causing agents,
these ‘side chains’ were released into the bloodstream to neutralize the pathogens (or

antigens — i.e., antitoxin generating particles).”” The bacteriological and serological

76 Leon Chernyak and Alfred 1. Tauber, “The Idea of Immunity: Metchnikoff’s Metaphysics and
Science,” Journal of the History of Biology, 1990, 23: 187-249.

77 Historians interested in demonstrating the ‘embeddedness’ of immunological knowledge in broader
cultural processes have lately focused on the epistemological underpinnings of immunological theory,
and on the rhetorical elements of immunological language, and, in particular, the use of military
metaphors — invasion, defense, mobilization, and so on. Among the many works of this kind are
Alberto Cambrosio, Daniel Jacobi, and Peter Keating, “Erlich’s ‘Beautiful Pictures’ and the
Controversial Beginnings of Immunological Imagery,” Isis, 1993: 662-699; Eileen Crist and Alfred L
Tauber, “Debating Humoral Immunity and Epistemology: The Rivalry of Immunochemists Jules Bordet
and Paul Exlich, Journal of the History of Biology, 1997, 30: 321-356; Fred Karush, “Metaphors in
Immunology,” pp. 73-80 in Immunology 1930-1980: Essays on the History of Immunology, ed. Pauline
Mazumdar, Toronto: Wall & Thompson, 1989; Peter Keating and Alberto Cambrosio, “Helpers and
Suppressors: On Fictional Characters in Immunology,” Journal of the History of Biology, 1997, 30:
381-396; Hana Lowy, The Immunological Construction of the Self, Dordrecht, Netherlands: Kluwer
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methods of the day, however, did not permit immunologists to locate these invisible
antibodies empirically or to explain precisely how they functioned. Only their effects
could be observed. Around 1910, researchers in the field began to turn away from
serology toward chemistry in order to identify and characterize antibodies and to
account for their neutralizing activity.

The outstanding questions in the field became those that Erlich’s theory left
unanswered. Given the diversity of antigens that can elicit immune reactions, the
specificity of antibodies, in particular, remained a puzzle. Many immunologists found
it difficult to accept that bodies naturally produced a repertoire of pre-formed specific
antitoxins so large as to prepare them for any occasion of infection or intrusion by a
foreign substance. Template or instructional theories began to gain favor in the field.”
These postulated that generic antibodies fold themselves around antigens, becoming
specific in the process — antigens must ‘teach’ antibodies their specificity. Starting
from this basic assumption, immunologists began to focus narrowly on the chemistry
of antibody-antigen interactions. Questions about biological function took a back seat

to questions about antibody structure and folding, and immunology became, for some

Academic, 1991; Pauline M. Mazumdar, “The Purpose of Immunity: Landsteiner’s Interpretation of the
Human Isoantibodies,” Journal of the History of Biology, 1975, 8: 115-133; Anne Marie Moulin, “Text
and Context in Biology: In Pursuit of the Chimera,” Poetics Today, 1988, 9: 145-161; Thomas
Soderqvist, “Darwinian Overtones: Niels K. Jerne and the Origin of the Selection Theory of Antibody
Formation,” Journal of the History of Biology, 1994, 27: 481-529; Alfred I. Tauber, The Immune Self:
Theory of Metaphor? Cambridge: Cambridge University Press, 1994; Alfred 1. Tauber and Leon
Chernyak, Metchnikoff and the Origins of Immunology: From Metaphor to Theory, New York: Oxford
University Press, 1991. For a conceptual alternative to warfare imagery, see Marc Lappé, The Tao of

Immunology: A Revolutionary New Understanding of Our Body’s Defenses, New York: Plenum Trade,
1997.

78 Physical chemist Linus Pauling produced one of the last and most sophisticated of these theories. See
L. Pauling, “A theory of the structure and process of formation of antibodies,” Journal of the American
Chemistry Society, 1940, 62: 2643-2657.
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four decades, largely the study of immunochemistry. Historian Arthur M. Silverstein
calls this period the ‘Dark Ages’ of immunology.” Many developments in the field
during this time paralleled the new structural biology (although the molecular genetic
foundations of immunity were left largely explored), antibodies were first identified
and characterized as real substances, and much was learned about the ‘stereochemical’
features of humoral immunity. Silverstein notes, however, that when immunologists
adopted the language of chemistry as their mother tongue, the discipline became
increasingly insular, in both intellectual and social terms. Its contacts with larger
communities of biological scientists diminished, and, consequently, the field became
stuck with theories of immunity that most practitioners themselves felt were
inadequate.

A major shift in the character of the field began in the 1950s, when some
immunologists decided to take time off from the study of antibody chemistry to
address the lingering problems of template theories of specificity. One established
immunological fact with which these theories could not contend was the continuous
production of specific antibodies after antigens had been cleared from the body. In
1955, Niels Jerne proposed a theory of antibody formation that hearkened backed to
Erlich’s, and resolved this difficulty by incorporating ideas about biological
function.*® He proposed that pre-formed specific antibodies bind with antigens, and

that the resulting antigen-antibody complexes are consumed by phagocytic cells. The

7 Arthur M. Silverstein, A History of Immunology, San Diego: Harcourt Brace Jovanovich, 1989; pp.
329-330.

8 Thomas Séderqvist, “Darwinian Overtones: Niels F. Jerne and the Origin of the Selection Theory of
Antibody Formation,” Journal of the History of Biology, 1994, 27: 481-530.
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phagocytes then transport them to clusters of antibody-generating cells where they
stimulate the production of more like antibodies.®! Initially, Jerne’s theory was not
well-received.® It solved the problem of immunological memory, but violated the
central dogma of molecular biology, which holds that instructions for the manufacture
of all cellular products are genetic. In 1957, Frank MacFarlane Burnet rescued Jerne’s
theory by proposing that the antigen-antibody complexes did not directly influence
internal cellular processes, but rather triggered the proliferation of lymphoid cells that
were genetically programmed to secrete the specific antibodies required.® The
subsequent broad acceptance of Burnet’s ‘clonal selection’ theory launched a revival
of biological thinking in immunology, and, as Anne Marie Moulin reports,
established, simultaneously, conceptual and institutional foundations for the
contemporary idea that immunology consists in the study of, not just discrete cells,
molecules, and biochemical interactions, but an integrated, organized biological

system — the immune system.™

8 N.K. Jerne, “The natural selection theory of antibody formation,” Proceedings of the National
Academy of Science, 1955, 41: 849-857.

%2 Jerne’s work was eventually honored, in 1984, with a Nobel Prize in physiology and medicine,
certainly less for the substantive details of the biological processes that it outlined than for its
revolutionary character and its historical role in transforming the discipline of immunology.

8 F.M. Burnet, “A modification of Jerne’s theory of antibody production using the concept of clonal
selection,” Australian Journal of Science, 1957, 20: 67-68.

% Anne Marie Moulin, “The Immune System: A Key Concept for the History of Immunology,” History
and Philosophy of the Life Sciences, 1989, 11: 221-236. Others have noted that the ‘biological
revolution’ — the Kuhnian ‘paradigm shift’ — that swept immunology in the 1960s was a social as well
as conceptual phenomenon characterized by new patterns of communication and new associations
between immunologists and researchers in other areas of biology and medicine. See Ilana Lowy, “The
Strength of Loose Concepts — Boundary Concepts, Federative Experimental Strategies, and Disciplinary
Growth: The Case of Immunology,” History of Science, 1992, 30: 371-396; Thomas Soderqvist and
Arthur M. Silverstein, “Participation in Scientific Meetings: A New Prosopographical Approach to the
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In the 1960s, immunology blossomed and empirical studies in many new areas
began to reveal the full complexity of immunological functions.* Investigations
extending the dominant immunochemical research programs of the 1940s and 1950s
moved toward the molecular study of immunogenetics, and came to represent just a
small portion of the burgeoning activity in the field. In addition to opening new
avenues of research on the cellular bases of antibody production, specificity, and
diversity, the biological turn redirected immunologists’ attention to processes of cell-
mediated immunity and immunoregulation, including self/not-self recognition, the
phenomenon of autoimmunity, and autoimmune disorders.*® The universe of objects
recognized as immunological increased dramatically during the 1960s. Among the
new additions were novel classes of antibodies, lymphocytes, and other immune
system cells with differentiated functions in immune processes, and a wide array of

additional immune system components, including numerous complement proteins.

Disciplinary History of Science — The Case of Immunology, 1951-1972,” Social Studies of Science,
1994, 24: 513-548.

% Recent works in the history and sociology of immunology have supplemented ‘theory-centric’ stories
of this disciplinary transition, and earlier trends, with attention to the ways in which material practices
have shaped the production of new immunological knowledge. See, for example, Alberto Cambrosio
and Peter Keating, “A Matter of FACS: Constituting Novel Entities in Immunology,” Medical
Anthropology Quarterly, 1992, 6: 362-384; Peter Keating, Alberto Cambrosio, and Michael Mackenzie,
“The Tools of the Discipline: Standards, Models, and Measures in the Affinity/Avidity Controversy in
Immunology,” pp. 312-354 in The Right Tools for the Job: At Work in Twentieth-Century Life
Sciences, eds. Adele E. Clarke and Joan H. Fujimura, Princeton, NJ: Princeton University Press, 1992;
G.J.V. Nossal, “The Coming of Age of Clonal Selection Theory,” pp. 41-72 in Immunology 1930-1980:
Essays on the History of Immunology, ed. Pauline Mazumdar, Toronto: Wall & Thompson, 1989;
Nicolas Rasmussen, “Freund’s Adjuvant and the Realization of Questions in Postwar Immunology,”
Historical Studies in the Physical and Biological Sciences, 1993, 23: 337-366; Arthur M. Silverstein,
“The Heuristic Value of Experimental Systems: The Case of Immune Hemolysis,” Journal of the
History of Biology, 1994, 27: 437-447.

8 Scott H. Podolsky and Alfred 1. Tauber, The Generation of Diversity: Clonal Selection Theory and
the Rise of Molecular Immunology, Cambridge, MA: Harvard University Press, 1997; Alfred I. Tauber,
“Frank Macfarlane Burnet and the Immune Self,” Journal of the History of Biology, 1994, 27: 531-574.
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Only after the biological turn in immunology in the 1960s did many familiar (to
practitioners) terms and objects of research — like granulocytes, mast cells, effector
cells, suppressor cells, natural killer cells, helper cells, memory cells, light chains,
heavy chains, idiotypes, cytokines, lymphokines, interferon, and major
histocompatibility complex, for example — become part of the regular disciplinary
vocabulary.

A key premise of the clonal selection theory is the idea that immunoglobulin
secreting lymphocytes produce specific antibodies of one type only. Immunologist
G.J.V. Nossal has chronicled the series of experiments that practitioners in the field
now generally accept as a confirmation of this hypothesis, and described how research
in molecular immunogenetics has provided additional empirical support for clonal
selection theory and the ‘one cell/one antibody’ idea by outlining the genetic
mechanisms that account for antibody diversity.®” Nossal states that “quantitative and
objective measurement of each [antibody producing] cell’s fine specificity aided the
cause of those postulating a random generator of diversity...and was also an early
harbinger of the monoclonal antibody revolution.”®® The ‘monoclonal antibody
revolution’ began in England, but soon arrived in San Diego, where it launched the
city’s biotech industry. In 1975, German cell biologist Georges Kohler and Argentine
biochemist César Milstein, in Milstein’s Medical Research Council lab at Cambridge,

developed ‘hybridoma technology,’ the fusion of antibody producing genes from

¥7.G.J.V. Nossal, “The Coming of Age of Clonal Selection Theory,” pp. 41-72 in Immunology 1930-
1980: Essays on the History of Immunology, ed. Pauline Mazumdar, Toronto: Wall & Thompson, 1989.

¥ Nossal, “The Coming of Age of Clonal Selection Theory,” p. 41.
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mammalian B-lymphocytes with myelomas (malignant bone marrow cells) that
replicate indefinitely. The pair were conducting studies in cellular genetics. Their
first interest in proteins produced by fused myelomas was the utility of these
substances in the analysis of rates of somatic mutation and the generation of antibody
diversity. They observed, in addition, however, an odd unintended result of their
work: the particularized genetic codes and ‘immortality’ of their new hybrid cell lines
made possible for the first time the production of large quantities of monoclonal
antibodies.*

Monoclonal antibodies are identical and highly specific immunoglobulins; they
bind to a particular antigenic determinant, or epitope — a definite molecular and
chemical configuration on the surface of a particle or substance that elicits an immune
response. Monoclonals are homogeneous because they are products of clones, i.e.,
cells descended from a single antibody producing lymphocyte. And, because
myeloma hybrid clones are immortal, they can produce antibodies continuously. Prior
to this development, antibodies used in research and medicine had either to be purified
from polyclonal antisera harvested from immunized animals, mixtures that contain
many different types of antibodies, or by laborious methods that involved repeatedly

isolating specific lymphocytes that could not be maintained in tissue cultures.”

% G. Kohler and C. Milstein, “Continuous cultures of fused cells secreting antibody of predefined
specificity,” Nature, 1975, 256: 495-497. For a history of the diffusion of this technology, see Alberto
Cambrosio and Peter Keating, Exquisite Specificity: The Monoclonal Antibody Revolution, New York:
Oxford University Press, 1995; ch. 1, especially.

% Even when polyclonal mixtures are purified, that is, screened for immunoglobulins specific to a
particular antigen, the surviving antibodies remain heterogeneous. They possess different specificities
and varying degrees of crossreactivity and affinity for the target. This is so because different antigens
may possess binding sites that are similar in chemical structure, and the surface of any given antigen
displays many different epitopes.
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Hybridoma technology permitted the efficient and inexpensive production of
standardized, uniformly specific antibodies. Monoclonals have proven to be
enormously useful as biological reagents in a wide range of scientific and medical
applications. Because they can hone in on specific targets with precision, they are
used to monitor biological and chemical processes of many different kinds, and to
diagnose and combat human diseases.

The ‘monoclonal antibody revolution’ eventually became part of an industrial
and organizational revolution — the formation of entrepreneurial biotech start-ups.
Once recognized, the promise of hybridoma technology for the manufacture of
diagnostics and therapeutics in huge, untapped medical markets spurred an influx of
capital to a number of such ventures in the late 1970s and early 1980s. Hybritech was
the first. It was San Diego’s first biotech company, and it was also the world’s first
commercial undertaking dedicated to the industrial development of hybridoma
technology and the manufacture of monoclonal-based medical products. With the
formation of this company in San Diego, the new ‘biologized’ science of immunology
went into business. The histories of hybridoma technology, monoclonal antibodies,
monoclonal companies, monoclonal products, and the birth of the biotechnology
industry in San Diego share at least one common element. All were made
scientifically possible by the biological renaissance in immunology, and within this
intellectual and technical disciplinary shift, the synthesis of experimental
investigations in genetics, cell biology, and the cellular processes of antibody

formation.
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As many historians and sociologists of science have lately pointed out, the
social organization and politics of scientific disciplines shape the particular ways in
which bodies of scientific knowledge and the technical capacities of the sciences are
extended. Within any given field, researchers share common intellectual orientations,
conceptual frameworks, and traditions of material practice. Their private
investigations are not conducted in isolation, but within networks of formal and
informal communication — ‘invisible colleges’ through which they are connected to
colleagues who are scattered, in many contemporary cases, all around the world, and
through which they are kept abreast of distant practices and developments in their
specific fields of inquiry.”’ These networks serve as channels of resource distribution.
The people, knowledge, skills, and tools that scientists employ to make discoveries
and invent new technologies circulate within them. Of course, these networks are also
arenas of competition. Within them, information and know-how are commodities, and
the reward structures of the sciences provide incentives for secrecy and the
establishment and protection of proprietary rights. But if scientific communication
ceases altogether, then so does scientific progress.

Science is a collective practice and the character of new products in the
sciences — facts, theories, standards, techniques, etc. — always reflect the social

organization and the histories of these fields of activity. When knowledge and skill

°! The phrase ‘invisible college’ was coined by Diana Crane. See Diana Crane, Invisible Colleges,
Chicago: University of Chicago Press, 1972. For an ethnographic analysis, see Robert E. Kraut,
Carmen Egido, and Jolene Galegher, “Patterns of Contact and Communication in Scientific Research
Collaborations,” pp. 149-172 in Intellectual Teamwork: Social and Technological Foundations of
Cooperative Work, ed. Jolene Galegher, Robert E. Kraut, and Carmen Egido, Hillsdale, NJ: Lawrence
Erlbaum Associates, 1990. For a general discussion of recent historical and sociological works on
scientific networks, see chapter one, pp. 38-73.
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are compartmentalized, distributed, and transmitted in particular ways, certain
horizons of possibility and avenues of progress are created and defined, as are barriers
to advancements in a range of possible alternative directions. As the brief potted
histories of molecular biology, molecular genetics, and immunology above illustrate,
the technical development of new bioscientific tools followed the social development
of new patterns of interdisciplinary communication. The scientific discoveries and
inventions that led to the creation and commercialization of new biotechnologies in
San Diego and elsewhere emerged from within definite social and historical processes.
These technical advances were bound up with the organizational and political
constitution of the life sciences in the 20" century. As the rest of this study will show,
the scientific entrepreneurs who appeared in San Diego during the late 1970s were
prepared for their tasks by participating in these processes in various ways.
SCIENCE AND MONEY

Just as laboratory investigations are not conducted in a social vacuum, neither
are the larger patterns of collective activity that comprise scientific disciplines. The
members of scientific communities go about their business within broader institutional
settings and processes. The reward structures, competitive dynamics, and patterns of
communication that characterize disciplinary work take forms that reflect their social
and historical contexts. As most historians of science are now wont to insist,
disciplinary histories that fail to address the institutional surroundings of the sciences
are incomplete. Scientific work and scientific progress, the historians say, are
mmpacted, not only by events taking place in test tubes, petri dishes, particle

accelerators, scientific meetings, and so on, but also by ‘extrascientific’ events that
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may unfold far afield from the laboratory and other regular haunts of practicing
scientists. The remarkable technical strides taken by the life sciences in the middle
and late 20" century originated, in a sense, with conditions and happenings in larger
institutional environments. These advances were generated, in part, by ‘external’
forces that worked to push bioscientific inquiries in certain directions rather than
others. They were influenced significantly by, among other things, the historical
trajectories of the academic research institutions that have traditionally housed the life
science disciplines, and shifting patterns of funding for biological and biomedical
research from private foundations, government agencies, and industry.

Naturally, most practicing scientists are acutely aware of the economics of
science. In the life sciences, as in other fields, success usually depends as much on
effective grantsmanship and organizational skill as it does on conceptual insight,
creativity, or technical facility demonstrated at the lab bench.”® In universities,
scientific positions and spaces are reserved for those who can attract extramural
funding to support their inquiries, and scientific agendas are often shaped by this
dependence of scientists on outsiders. Paths of research in the sciences are typically
defined by negotiations of interest befween scientific practitioners and their patrons.
A knack for knowing ‘what’s hot and what’s not’ — that is, understanding what kinds
of grant proposals are likely to be funded and what kinds will likely end up in a

shredder — 1s a valuable scientific talent to possess.

%2 For this reason, talk about economic (or social, cultural, or political) factors ‘external’ to scientific
work is, in the strictest terms, misconceived. For a discussion of the point as it bears on historians’
academic analyses, see Steven Shapin, “Discipline and Bounding: The History and Sociology of
Science as Seen Through the Internalism-Externalism Debate,” History of Science, 1992, 30: 333-369.
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As anthropologist Joan Fujimura points out, in order to conduct their
Investigations, researchers are often obliged, of necessity, to jump on ‘scientific
bandwagons.” The history of biological and biomedical research in the 20™ century is
a history of such bandwagons.” The technical development of the life sciences during
this time depended, of course, on the availability of funds to open and maintain
laboratories and programs of research; the direction of this development was
influenced by the interests of benefactors and by the good fortune and skills (both
scientific and social) of researchers in particular areas of inquiry that enabled them to
win out in competitions for contracts and grants. The molecular biologists and
molecular geneticists who laid the groundwork for later biotechnological
developments did so by persuading others that the future of science lay in the direction
they were headed, by aligning their interests with those holding the money bags, and
by turning molecular biology and molecular genetics into ‘scientific bandwagons.’

The initial rise of the molecular paradigm in biology, as many scholars have
detailed, was underwritten by generous financial support and organizational direction
from private foundations. The role of the federal government was relatively limited.”*
Among the principal private sponsors were the Carnegie Foundation and the
Rockefeller Foundation. The latter, under the direction of Warren Weaver in the

1930s, played a particularly instrumental role in the formation and development of

%> Fujimura provides an empirical description of the scientific, social, and institutional processes
constituting one such historically important biomedical bandwagon — the proliferation of oncogene
studies in cancer research. See Joan H. Fujimura, Crafting Science: A Sociohistory of the Quest for the
Genetics of Cancer, Cambridge, MA: Harvard University Press, 1996; and “The Molecular Biological
Bandwagon in Cancer Research: Where Social Worlds Meet,” Social Problems, 1988, 35: 261-283.
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molecular biology.”> Weaver promoted and funded research at the intersection of
physics and biology, and was content to let researchers following other paths of
inquiry fend for themselves as best they could without the help of his organization.
Molecular biology benefited at the expense of more traditional approaches. In the
post-war era, the federal government, through existing agencies like the National
Institutes of Health and the newly-formed National Science Foundation, assumed a
vastly expanded role in the financing, administration, and coordination of the life
sciences.”® A massive influx of federal dollars in the 1950s transformed biological
and biomedical research into ‘Big Sciences,’ and into a machine that became
increasingly focused on investigations into the molecular fundamentals of biological
processes.”’

The floodgates opened wide when Congress began to increase subsidies for the
National Institutes of Health. The increases began in 1955 and continued for more

than a decade. In 1967, NIH funding of biomedical and basic biological research

% Victoria Harden, Inventing the NIH: Federal Biomedical Research Policy, 1887-1937, Baltimore,
MD: Johns Hopkins University Press, 1986.

% See E. Richard Brown, Rockefeller Medicine Men: Medicine and Capitalism in America, Berkeley,
CA: University of California Press, 1979; Robert E. Kohler, “The Management of Science: Warren
Weaver and the Rockefeller Foundation Program in Molecular Biology,” Minerva 14: 249-293; and
Partners in Science: Foundations and Natural Scientists, 1990-1945, Chicago: University of Chicago
Press, 1991. Lily E. Kay contends that the Rockefeller Foundation supported a definite social as well as
purely scientific agenda — eugenics. See Lily E. Kay, The Molecular Vision of Life: Caltech, the
Rockefeller Foundation, and the Rise of the New Biology, New York: Oxford University Press, 1993.

% Milton Lomask, A Minor Miracle: An Informal History of the National Science Foundation,
Washington, D.C.: National Science Foundation, 1976.

%7 Peter Galison and Bruce Hevly, eds., Big Science: The Growth of Large Scale Research, Stanford,
CA: Stanford University Press, 1992. The empirical studies in this book examine the formation of big
physics, but the size of organizations and investigative teams in biological and biomedical research
followed the same general pattern when funds became available to expand them.
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reached a high-water mark (in terms of adjusted constant dollars) when it doled out
over $1 billion to bioscientists across the nation.”® Soon after, in 1971, President
Richard Nixon declared a ‘war on cancer,’ signed into law the National Cancer Act
(with the approval and assistance of unlikely political ally Sen. Edward Kennedy), and
promised that the American biomedical research machine would vanquish the disease
within five years.” Following this legislation, there began to appear, in federal grant
proposals for biological research of all kinds, statements on the relevance of planned
investigations to the understanding of cancer mechanisms. Critics of the ‘war on
cancer’ argued that many of these rationales were flimsy, and that the initiative
encouraged much ‘junk science,” but, in any event, billions of dollars found their way
to the frontlines in biological laboratories, and they became increasingly concentrated
in the area of molecular genetics.'” The remarkable series of scientific breakthroughs

that culminated in the invention of biotechnologies were largely financed by the

% National Institutes of Health, Extramural Trends FY 1972-1981, Bethesda, MD: National Institutes of
Health.

% Joan H. Fujimura, Crafting Science: A Sociohistory of the Quest for the Genetics of Cancer,
Cambridge, MA: Harvard University Press, 1996; Ralph Moss, The Cancer Industry: Unraveling the
Politics, New York: Paragon House, 1989; Richard Rettig, Cancer Crusade: The Story of the National
Cancer Act of 1971, Princeton, NJ: Princeton University Press, 1977; Kenneth E. Studer and Daryl E.
Chubin, The Cancer Mission: Social Contexts of Biomedical Research, London: Sage, 1980.

'% The ‘war on cancer’ was controversial and its merits are still debated. Opponents argued that
bioscientific and biomedical advances usually come serendipitously from basic investigations into
fundamental biological processes. Progress in science, they maintained, cannot be planned. Others
have defended the initiative, responding that, although no cancers were cured, the focused research
yielded valuable knowledge and techniques on which future inquiries can build. For a recent summary
of the debate, see Rachel K. Sobel, “Volleys in the Cancer War: Has the Thirty Year Enterprise Been
Wrongheaded From the Start?”” U.S. News & World Report, June 18, 2001.
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191 The technical

federal government and monies earmarked for the ‘war on cancer.
advances that led eventually to the creation of a new sector within the pharmaceutical
industry thus have their origins in broad national commitments to the promotion of
basic science and medical research after World War II. Molecular biology can thank
the largess of American philanthropists for its initial success; the biotechnology
industry owes additional and considerable debts to American taxpayers, and the
political will and sheer economic power of the United States in the 20™ century.
ON THE SHOULDERS OF A GIANT

With the formation of San Diego’s centers of scientific research during the
1960s and into the 1970s, the city went from being nowhere in particular on the map
of American higher education and international science and technology to being one
of the strongest centers of gravity in the world for scholars, scientists, and engineers.
Today, living in or frequenting San Diego are seven living Nobel laureates (one,

perhaps mostly because he is a dedicated surfer),'*

some seventy members of the
eminent National Academy of Science, and recipients of prestigious scientific medals,
prizes, and citations numbering in the hundreds. In the span of little more than a
decade, San Diego had become fortuitously prepared to take advantage of

opportunities in the emerging global ‘knowledge’ economy — although, at the time, the

character of the coming environment for trade and invention was just beginning to

1" Martin Kenney, Biotechnology: The University-Industrial Complex, New Haven, CT: Yale
University Press, 1986, ch. 1; Ginzberg, Eli, and Anna B. Dutka, The Financing of Biomedical
Research, Baltimore, MD: Johns Hopkins University Press, 1989.

102 gee Kary Mullis, Dancing Naked in the Mind Field, New York: Vintage Books, 1998.
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dawn on analysts'® — and to rescue itself later from economic decline in the 1990s
following the end of the Cold War.

The foundings of the city’s biological research organizations — including
notably, the Scripps Research Institute, the Salk Institute for Biological Studies, and
the life sciences departments and the School of Medicine at UCSD — were important
developments in the prehistory of San Diego’s biotechnology industry. They were the
magnets that drew to San Diego many of the persons who would, from the late-1970s
on, become the city’s bioscientific entrepreneurs. They were the gateways through
which these entrepreneurs passed on their way to founding new companies and a new
kind of economic activity in town. They were the places in which a body of world-
class bioscientific expertise became localized, and in which teams of researchers
invented many of the new technologies that scientific entrepreneurs then transferred to
commercial ventures in nearby parts of the city for further development as products in
pharmaceutical markets.

This concentration of bioscientific expertise in San Diego can perhaps be
called something like a necessary ‘cause’ of later developments in the biotechnology
industry, but not a sufficient one, for things could have turned out very differently, and
many other events had to take place, in addition, and many other historical processes
had to work themselves out, in order for the biotechnology industry to take shape in
San Diego as it did. The mere presence of research institutions in the city does not

explain what people did within them or what they did as they moved beyond the walls

103 Qee, for example, Daniel Bell, The Coming of Post-Industrial Society: A Venture in Social
Forecasting, New York: Basic Books, 1976 [1973].
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of their laboratories. What San Diego’s scientific entrepreneurs could do in order to
establish the biotechnology industry in the city was partially determined, first of all, by
prior developments in the biological sciences. Naturally, biotechnologies did not
materialize in San Diego, or anywhere else, unaccompanied by long technical and
social histories. When invented, these new techniques represented extensions of
established bodies of knowledge and experimental practices in various life science
disciplines. Many biotechnologies have been forged in San Diego laboratories, and in
these places exclusively (and documenting such exclusivity and securing patent rights
has usually been a prerequisite for commercialization), but workers in these labs were
immersed in traditions of technical work and technical thinking that characterized the
life sciences at large. New biotechnologies were built ‘on the shoulders of a giant’ —
the community of life scientists, and the individuals who were responsible,

collectively, for discoveries and inventions that came before.
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V. LIFE SCIENCE AND INDUSTRY

Chance does nothing that has not been prepared beforehand.

Alexis de Tocqueville

THE COMMERCIALIZATION OF SCIENCE

After World War I, U.S. government investments in science and technology
grew substantially. As part of this boom, federal support of academic biomedical
research steadily increased through the mid-1970s. When the health of the American
economy deteriorated toward the end of the decade, however, government funding
began to stagnate and decline.! Feeling the pinch, universities began to look
elsewhere for financial assistance, and they became much more receptive to
partnerships with industry as means of subsidizing research. The ready availability of
federal funds in better economic times had permitted universities to distance
themselves from private corporations, but when sources of government money began
to dry up, many institutions began actively to pursue collaborations with business
organizations, and to adjust administrative policies in order to accommodate these new
relationships.” For their part, American industrialists were eager to purchase technical
assistance from academic scientists as a means of arresting the general decline of U.S.

economic competitiveness (and, in the case of the pharmaceutical business, in

VBl