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Technology is transforming California’s economy in amazing ways. The 
Internet is accelerating advances in biological sciences, civil infrastructure, 

intelligent transportation, medical genomics, the media arts, and educational 
practices.  Nanotechnology researchers are developing ways to manipulate struc-
tures atom-by-atom to engineer new materials, devices, and systems with the po-
tential to affect virtually every aspect of our lives.

The information technology and biotechnology industries have created a new 
frontier in California, driven by a spirit of entrepreneurship and interdisciplinary 
understanding.  These fast-paced industries are redefining how innovative ideas 
are generated and transferred to the marketplace. This evolving climate of innova-
tion is forging a new dynamic synergy between academia and industry, and replac-
ing older models of public/private research partnerships.

But California’s remarkable spirit of innovation is at risk.  We do not have 
enough adequately trained Californians to work in the high-tech sector.  The 
California Council on Science and Technology’s Critical Path Analysis, which 
was released in April, paints a troubling picture of the state’s workforce. Scientific 
discovery and innovation cannot flourish indefinitely in a state where 30 percent 
of high school students do not graduate, where the community college system 
produces only 6,000 science and technology graduates a year, where two-thirds of 
science and engineering students in the California State University system do not 
finish baccalaureate degrees, and where too few students go on to complete gradu-
ate degrees in science and engineering. 

While we acknowledge that state government officials have focused attention 
and resources on these issues in the last few years, the state’s education system is 
in need of dramatic change if we are to keep California’s innovative fire burning.  
Using the report results as background, CCST organized two Hitachi California 
Public Affairs Forums on the innovation process.  Industry, state, and educational 
experts gathered to discuss how innovation and technology transfer are chang-
ing.

Addressing these concerns requires coordination among California’s disparate 
public and private institutions.  As a unique partnership of California’s indus-
try and academic leaders, CCST is well positioned to help forge these connec-
tions, foster public dialogue, and encourage appropriate state and private action. 
Together, we can unleash the state’s potential in research and innovation and 
maintain California’s technological leadership.

CCST: WORKING TO MAINTAIN CALIFORNIA’S INNOVATIVE SPIRIT 
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Board Chair
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USC’s Alfred Mann Institute for Biomedical 
Engineering has developed the BION, an implantable 
bionic neuron used to reanimate paralyzed muscles 
by electronic stimulation. 



Innovation is the linchpin of technological leadership. Research and technology 
innovation have fueled the rapid expansion of high-tech industries during the 

past decade, and helped make California’s economy the fifth largest in the world. 
The rapid growth of the state’s high-tech industries has revealed that Californians 
do not have the scientific and technical skills necessary to work in this environ-
ment.

This poses a considerable public policy challenge for industry, academic, and 
government leaders. Inadequacies in the state’s science and technology education 
system at all levels (from kindergarten through continuing education) mean there 
are fewer scientists and engineers to fill jobs in an increasingly high-tech economy. 
A state that cannot adequately educate its own citizens cannot continue to gener-
ate and market innovative ideas. California’s leadership is threatened.

Since 1988, the California Council on Science and Technology has served as an 
advisor to state leaders on issues vitally important to California’s future prosperity. 
CCST’s nonpartisan, objective research based on sound science is attracting the 
attention of state and national legislators, the Governor’s office, and state agency 
officials.  At CCST’s dinner meeting in May, Governor Gray Davis commended the 
organization on its contributions to the state.

During the past year, CCST worked closely with industry, government, and aca-
demic leaders on education and innovation initiatives.  CCST organized two pub-
lic affairs forums on innovation, where top experts discussed the changing face of 

innovation and the risks to the innovation process in California.  
In addition, CCST recently released a study on the state’s science 
and technology education system, which provides the data needed 
to catalyze education reform. 

Through its Critical Path Analysis, CCST Board and Council 
Members have outlined policy recommendations for how the state 
can improve its science and math education system at all levels. 
This report offers carefully researched strategies to help our ailing 
schools.  State education leaders have used the report as a resource 

for developing a new master plan for education.
CCST was asked by the state to apply its considerable research capabilities to 

other areas as well.  During the past year, Members and Fellows have written a 
report that reviews the benefits and risks of food biotechnology and analyzed the 
state’s electricity crisis and other lifeline issues including water resources.

In the next year, CCST plans to work closely with the California Office of 
Emergency Services to develop effective ways to counteract terrorism. CCST will 
also study how the state can take a leadership role in developing the field of nano-
technology.  These projects address key areas that will define the future of S&T in 
our state.

EDUCATION THE KEY TO INNOVATION

“We are at a crossroads. CCST’s well-researched 
studies and carefully planned initiatives offer a 
roadmap to guide us toward sound science and 
technology policy in California.” 

Susan Hackwood
Executive Director

California Council on Science and Technology
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Critical Path Analysis. CCST completed its “Critical Path Analysis of 
California’s Science and Technology Education System” in April, which 
revealed that California’s education system is not producing enough 
S&T graduates. It also describes alarming increases in attrition between 
the 9th and 12th grades and difficulties at every level of the education 
system, from kindergarten to the doctoral level and beyond to continuing 
education. CCST’s specific policy recommendations will help state leaders 
overhaul education at every level.

Innovation Forums. CCST organized two Hitachi California Public 
Affairs Forums, which both focused on innovation. In December, 
industry, government, and academic leaders discussed how innovative 
ideas are generated and transferred to the marketplace. This has 
implications for who does research and development, for public/private 
research partnerships, and for public policy. A forum in May expanded on 
these themes, and provided a case study of the biomedical industry in Los 
Angeles.

Food Biotechnology Review. CCST has completed its review of 
transgenic crops, which references, details, and analyzes current literature 
and opinions on the benefits and risks of food biotechnology, particularly 
in California. California’s Food Biotechnology Task Force – co-chaired by 
three California state agencies – asked CCST to prepare the review. 

Electricity Report. The California Energy Commission asked CCST to 
review the state’s electricity crisis. The report describes the impact of 
restructuring on California’s electricity system, and the shortfalls of doing 
so without clearly assigning responsibility for planning and managing 
resource portfolios. It also assesses how well reform efforts will address 
California’s ongoing energy problems.

CCST as Advisor to the State. Through its studies and reports, CCST is 
offering compelling research to the state on key science and technology 
issues. Briefings at each Council and Board meeting offer ways for state 
legislators, the Governor’s office, and state agency officials to better 
understand CCST’s projects and initiatives. 

CCST works with National Organizations. CCST is building new 
relationships at the national level. During the past year, CCST Board 
and Council Members were asked to speak at a National Science Board 
workshop that focused on national workforce policies for science and 
engineering, at a National Academy of Engineering Forum on Diversity 
in the Workplace, and addressed the National Academies Corporation 
Beckman Center Advisory Board.

HIGHLIGHTS 2001-2002

Silicon aerogels are a new generation 
building material that offers high efficiency 
and reduced environmental impact.
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CCST was established in 1988 as a nonprofit organization by state legislation 
to actively represent the state’s science and technology interests. Since its 

creation, the state’s science and technology leaders from industry and academia 
have worked with the Governor’s office, state and federal Legislators, and agen-
cies to recommend policies that will maintain California’s role as a leader in 
generating technology innovation and maintain a vigorous economy. In this way, 
CCST is modeled after the National Research Council. More than half of CCST’s 
Members and Fellows are members of the National Academies, and several are 
Nobel Laureates.

Sustaining Institutions. California’s major post-secondary institutions 
provide important backing, support, and resources to CCST. These 
include: the University of California, the California Institute of Technology, 
Stanford University, the University of Southern California, the California 
State University System, and the California Community Colleges.  

Board and Council. A Board of Directors and Council volunteer their 
time to govern and guide CCST. The Board, which meets twice a year, 
is made up of 13 leaders from industry and academia. Karl Pister, UC’s 
former vice president for educational outreach and chancellor emeritus of 
UC Santa Cruz, serves as CCST Board Chairman. 

The Council, which meets three times a year, is comprised of 28 corporate 
CEOs, academicians, scientists, and scholars of the highest distinction. 
Paul Jennings, professor of civil engineering and applied mechanics at 
Caltech, completed his term as Council Chairman in December 2001, and 
was succeeded by C. Judson King, UC’s provost and senior vice president 
for academic affairs.

The Board establishes CCST’s policies and provides oversight, while 
the Council translates those directives into programs and projects that 
will ensure the state’s science and technology leadership. The Council is 
divided into subcommittees that manage and plan specific projects and 
studies. These committees include: Executive, Membership, Finance, 
Advancement, Education, Environmental Issues, Large Scientific Projects, 
and New Technology. 

Fellows. The CCST Fellows are a select group of scientists, engineers, and 
technical experts who volunteer their time to address specific projects or 
conduct reviews. CCST created the program in 1997; since then, CCST 
has appointed 103 Fellows who, through project teams, work to address 
important science and technology issues facing government, education, 
and industry. 

Staff and Offices. Susan Hackwood is CCST’s Executive Director and 
provides overall day-to-day leadership. There are two CCST offices. One 
is in Southern California adjacent to UC Riverside, and the other is one 
block from the State Capitol in Sacramento. Annzell Loufas directs the 
Sacramento office.

CCST’s STRUCTURE
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Industry leaders helped establish CCST, and continue to play a leading role in all 
of CCST’s projects and initiatives.  In fact, it is the exchange between industry 

and academic leaders that has made CCST able to respond so effectively to the 
state’s most pressing science and technology policy issues.

For example, CCST’s industrial members have prominently and effectively 
brought the message of the Critical Path Analysis to public attention.  The educa-
tion process is and traditionally has been the province of the academic communi-
ty.  But it is California’s businesses that ultimately must find qualified workers. As 
the Critical Path Analysis documents, these businesses understand what it means 
to have employees without adequate education and training, and have increasingly 
focused on mentoring programs and continuing education programs in an effort 
to address some of the problems.  

Not surprisingly, CCST’s members from industry have actively produced and 
disseminated the Critical Path Analysis. The Critical Path Analysis Committee 
was chaired by Lawrence T. Papay, sector vice president for Science Applications 
International Corporation; he also led the press conference in Los Angeles when 
the report was released.  And George Scalise, president of the Semiconductor 
Industry Association (SIA), headed the press conference in San Francisco, em-
phasizing that one of SIA’s top priorities is to increase the number of students 
completing science and engineering degrees. Companies such as Hitachi and 
Boeing added their voices of support to the report’s release - clear evidence that 
CCST’s work is resonating with California’s high-tech industries and serving both 
academic and industry needs. 

Synergistic relationships are the most effective way to solve problems.  In fact, 
a common theme that runs through CCST’s studies is the need for academic, in-
dustry, and government officials to work together to address public policy issues.  
Thanks to the vigorous and effective participation of our own industrial leader-
ship, CCST continues to demonstrate how collaboration can succeed.

Industry leaders involved with CCST say it most clearly:
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INDUSTRY’S ROLE IN CCST PROJECTS

George Scalise

Lawrence T. Papay

Octavia Diener, CCST Fellow and President, Densmore Engines: 
“Science and technology research and policy are all theory to some 
degree, but when you’re in business, you deal with the reality or 
the outcome of the product of those elements. The wonderful thing 
about CCST is the vision, a vision that comes out of being involved 
with forward thinking people. We are building a framework for 
industry to adapt to the technology and improve the quality of life 
for all of us.” 

#

Robert P. “Chris” Caren, CCST Council Member and Retired 
Corporate Vice President, Science and Engineering, Lockheed 
Corporation: “CCST is creating better understanding between the 
university and industry, which is a valuable process. Such progress 
doesn’t happen overnight, but we’re taking good steps in the right 
direction.”

#



California is the nation’s leader in science and technology. High-tech industries 
– ranging from aerospace to biotechnology to information technology – pro-

vide jobs, sustain a high standard of living, and offer innumerable other benefits to 
California residents. However, a growing science and engineering workforce gap 
is threatening the state’s S&T leadership. California’s educational system is not 
producing the science and engineering graduates needed to meet industry’s grow-
ing requirement for skilled workers and so the state has relied heavily on imported 
labor to fill high-tech positions. 

CCST’s “Critical Path Analysis of California’s Science and Technology 
Education System” offers strategies for reforming our ailing education system. The 
report was released in May at a series of press events, and is attracting attention 
from state and national officials. CCST Board and Council Members have been 
asked to brief state and national leaders about the report. 

Some key findings:
# 30 percent of 9th graders (43 percent of Latinos) will not graduate from 

high school;
# More than 40,000 California teachers are uncertified or not teaching in 

their area of expertise;
# The California Community College system produces 91,000 graduates 

per year, but only 6,000 in science and engineering;
# The attrition rate in science and engineering baccalaureate degrees is too 

high, particularly at CSU where it is close to 2/3rds;
# Too few California students go on to complete graduate degrees in 

science and engineering; and
# The growing workforce gap is hidden by reliance on the H1-B visa 

program.

Many education, industry, and government groups and individual experts were 
consulted to conduct this study. In addition, six studies were commissioned for 
this report, which focused on individual segments of the educational pipeline (K-
12, college, and continuing education), the demand for workers in the science and 
technology sector, and the digital divide.

According to study results, the number of S&E baccalaureates produced in 
California would need to increase by nearly 70 percent to close the workforce gap. 
Fixing the problem won’t happen overnight: teachers are not adequately prepared 
to teach math and science, and there are not enough teachers trained in these 
subjects. Women and fast-growing ethnic groups lag farthest behind in securing 
high-tech jobs. 

 The Critical Path Analysis is an outgrowth of CCST’s “California Report on the 
Environment for Science and Technology” (CREST), which was commissioned 
three years ago to analyze the state’s science and technology infrastructure to 
determine if California has the people, capital investment, and necessary state 
policies to maintain California’s leadership in the face of increasing worldwide 
competition.

CRITICAL PATH ANALYSIS
Closing the Workforce Gap
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“With the rapid introduction of 
technology into the workplace, the 
real question is: can schools keep 
up with the pace of change? Can 
they turn out graduates who can 
take their place in the workplace? 
Today the answer is no. This report 
offers a well-researched response 
that will transform science and 
math education in California.” 

Lawrence T. Papay, CPA 
Committee Chairman 

Sector Vice President, SAIC
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CCST Board and Council Members have established goals and developed 
specific policy recommendations at each educational level based on findings 

from the Critical Path Analysis.  
GOALS

# Increase K-18 student participation and success in math, science, and 
technology subjects.

# Achieve targeted increases in university S&E enrollment and degrees.
# Overcome resource inadequacy problems related to the cost of college 

and university science and engineering programs in public institutions. 
# Expand the state’s capacity to gather data and plan for California’s 

continuing education and training needs.

RECOMMENDATION HIGHLIGHTS
# Allocate additional resources to low-performing K-12 schools to 

strengthen the quality of teaching, increase educational/career 
counseling, and increase the number of credentialed teachers in those 
schools.

# Work to improve the quality of California’s reading, science, 
mathematics, and technology teaching in K-12 schools.

# At the community colleges, give greater priority to expanding S&T 
enrollments and degrees in the allocation of incremental new state 
operating and capital budget funds.

# Increase cooperation between community colleges and high schools.
# Achieve targeted increases in the number of S&E degrees at the 

baccalaureate level, and address the significant attrition rate in S&E 
enrollments, particularly at CSU.

# Develop more appropriate funding and budget allocation strategies for 
the S&E programs in the CSU and community colleges.

# Encourage more California students to pursue graduate degrees by 
offering more degree options and financial support.

# Increase graduate enrollment rates for students who entered university as 
community college transfers.

# Improve doctoral completion rates for underrepresented populations, 
especially Latinos.  

# Assign a state entity to comprehensively analyze the continuing 
education system.

# Encourage industry to expand support for employee participation in 
continuing education.

Goals and Policy Recommendations

“CCST’s Critical Path Analysis 
provides a sobering picture of 
California’s education system. We 
must forge unique partnerships 
between leaders from academia, 
industry, and government to address 
the work force gap. Research and 
technological innovation are the 
main drivers of our economy, and 
without educated people we will not 
be able to maintain the state’s S&T 
leadership.” 
California State Assembly Majority 

Floor Leader Marco A. Firebaugh
D-50th District



Shortly after CCST completed its Critical Path Analysis, the state released the 
first draft of its new California Master Plan for Education.  CCST was in con-

tact with the Joint Committee to Develop a Master Plan for Education throughout 
the creation of the CPA, and the Joint Committee has used the report as a 
resource in creating and refining the newly proposed Master Plan for pre-kin-
dergarten through university. The plan proposes some of the most significant 
reforms to California’s educational system since the first Master Plan was 
adopted more than 40 years ago.

In defining the problems faced by California, the Master Plan cites a vari-
ety of indicators, all of which are identified and discussed in the Critical Path 
Analysis (in fact, the Master Plan cites the Critical Path Analysis in this sec-
tion).  Moreover, many of CCST’s recommendations in the CPA are reflected 
in the Master Plan draft, including:

# Improving the quality and quantity of K-12 teachers;
# Allocating more resources to attract and retain qualified teachers in at-

need districts;
# Increasing graduate degree production in areas of high need (including 

S&E);
# Developing a transparent and sustainable articulation and transfer 

process between high school and college and between two- and four-year 
colleges;

# Designating an independent state entity to gather and maintain data on 
the entire state educational system; and

# Facilitating greater involvement and success in the educational system for 
the Latino and other underrepresented communities.
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CCST’S CRITICAL PATH ANALYSIS COMMITTEE
CCST’s Critical Path Analysis Committee oversaw research and analysis of the 

Critical Path Analysis. The committee members are:
#  Lawrence T. Papay, CPA Committee Chairman; Sector Vice President, Science 

Applications International Corporation
#  Warren Baker, President, Cal Poly San Luis Obispo
#  Charles Kennel, Director, Scripps Institution of Oceanography
#  C. Judson King, Provost and Senior VP of Academic Affairs, UC
#  Victoria Morrow, Vice Chancellor, Educational Services and Economic 

Development, California Community Colleges
#  Roy Pea, Professor of Education and Co-Director of the Stanford Center for 

Innovations in Learning, Stanford University
#  Karl Pister, Former Vice President for Educational Outreach, UC, and 

Chancellor Emeritus of UC Santa Cruz
#  James Rosser, President, CSU Los Angeles
#  AnnaLee Saxenian, Professor, Department of City and Regional Planning, UC 

Berkeley
#  George Scalise, President, Semiconductor Industry Association

CRITICAL PATH ANALYSIS (continued) 
CCST Advises State on Education Master Plan

At UCSD’s “Teacher Technology Showcase,” 
high school teachers learn about technology 
they can use in the classroom. 



For the last decade, California’s economic growth has been fueled by the rapid expan-
sion of high-tech industries. Even in times of economic downturn, technology com-

panies have been able to reinvent themselves and create new industries. The “California 
Technology Miracle” continues to promise new products and high 
paying, environmentally compatible jobs.

However, research and development have undergone a radical 
transformation. The rules for R&D are changing as old models give 
way to new public/private partnerships. This has important impli-
cations for how science and technology is conducted in California, 
particularly since dwindling government funding for projects has 
led to increased support from venture capital firms. 

CCST organized two Hitachi California Public Affairs Forums 
last year to discuss the changing face of innovation and the risks 
that the innovation process faces in California. The forums provid-
ed an important step in CCST’s ongoing effort to help California 
maintain its leadership in science and technology innovation. The 
series began in 1987 as a platform for finding solutions to problems 
that face California and the nation.

Hitachi and SRI International partnered with the University of 
California Institute for Mexico and the United States (UC MEXUS) and the California 
Department of Technology, Trade and Commerce to sponsor both events. The forums 
drew national and international experts from industry, academia, and government, 
and included members of CONACYT, Mexico’s National Council for Science and 
Technology, the country’s principle funding institution for research and higher educa-
tion. 

The “New Paradigms for Innovation in Science and Technology” forum was held 
in December 2001 at SRI International in Menlo Park. This forum focused on the 
factors that contribute to S&T innovation and the new partnerships being created be-
tween those who fund research, those who perform research, and those who translate 
these ideas into practice. Speakers also emphasized the need for skilled workers. The 
December forum marked the beginning of a five-month research period that culmi-
nated in the second forum. 

The “Innovation at Risk” forum was held at the University of Southern California’s 
Keck School of Medicine in May 2002. The second forum incorporated results from 
CCST’s Critical Path Analysis and discussed policies that will support California’s 
innovation process. Six primary policy recommendations emerged from this forum, 
which will demand collaboration between industry, government, and academia:

# Initiate a media campaign to promote science and technology education;
# Expand existing pilot programs that are successful in strengthening math and 

science skills;
# Form a nonprofit advocacy group to support science and math education and 

advise the Legislature;
# Improve communication among all parts of the educational system, from 

kindergarten through continuing education;
# Develop an entry-level master’s degree in science comparable to an MBA; and
# Work with the National Science Foundation to focus attention on state and 

national S&T policy issues.
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THE CHANGING FACE OF INNOVATION
Hitachi California Public Affairs Forums

“We have an opportunity to re-
invent how we think about the 
innovation process. In the new 
model, you have to understand 
the marketplace from the begin-
ning, and the innovation process 
has to be more active, involved, 
and aggressive.”

Curtis Carlson, President and 
CEO, SRI International

Council Members Dr. Stephen J. Ryan, C. Judson King, and 
James M. Rosser discuss innovation at a Hitachi California 
Public Affairs Forum in May.



While California’s immediate electricity crisis appears to have abated, there 
are many lingering questions about the causes of the crisis and the long-

term effects of deregulation. The California Energy Commission wanted to ana-
lyze the crisis, and turned to CCST for a nonpartisan review.

CCST has almost completed its report about California’s electricity crisis. 
The report provides a history of California’s electricity industry, and uses 
objective data to analyze the impact of restructuring. Some key lessons 
learned:
# The lack of clearly assigned responsibility for planning and managing 

resource portfolios meant officials were unable to respond to early 
warning signals of supply/demand imbalance, which reduced the ability 
to manage risks associated with that imbalance; 

# No entity had clear responsibility for market interaction as system issues 
developed;

# Limited consideration was given to activities that markets do not do 
well, such as maintaining adequate generation reserve and gas storage 
capacities; 

# Mechanisms for considering and including strategies to respond to 
fluctuations in demand were inadequate;

# The restructuring plan failed to coordinate activities between the state 
and federal authorities, complicating attempts to respond to problems 
with the markets; and

# Public authorities must continue to play important roles in regulating 
short-term and long-run industry activities.

Taking the lead on the study were CCST Council Member Linda 
Cohen, professor of economics at UC Irvine and professor of social 
science and law at USC, and CCST Fellow Carl Weinberg, who, as 
founder of Weinberg Associates, consults internationally for regula-
tors, utilities, environmental groups, think tanks, and policymakers. 
Other investigators included: CCST Fellow Mark Levine, director of 
the Environmental Energy Technology Division at Lawrence Berkeley 
National Laboratory; Paroma Sanyal, assistant professor of econom-
ics at Brandeis University; and Stephen Peck, president of Flèche, a 
consulting firm that provides threat assessment and risk management 
services to electricity companies.

As the report describes, the electricity industry was dominated 
by large, investor-owned utilities before 1970, most of whose activi-
ties were regulated by state authorities.  During the next 20 years, a 
combination of changed political and economic priorities, different 
technological opportunities, and changes in both costs of and demand 
for electricity undermined this structure.  By the time California’s elec-
tricity industry was restructured, neither the private companies, the 

state regulators, nor the federal regulators could effectively respond to industry 
challenges.  Understanding the problems faced at that time is important for for-
mulating and evaluating proposals today that will change the way the industry is 
governed. 
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ELECTRICITY STUDY

“This report serves as a reminder that 
the state of California needs a vision 
and a plan for its electricity needs even 
in a market-based system. Without a 
vision for the future it will be difficult 
to assess the existing statutes and de-
termine what action to take.” 

Carl Weinberg, Founder
Weinberg Associates

A solar cell that can convert sunlight to 
electricity at a record-setting 32 percent 
efficiency has been developed by the National 
Renewable Energy Laboratory of Golden, CO and 
Spectrolab of Sylmar, CA. 



Restructuring has shifted substantial authority for industry activities from 
state regulators to the federal government and the private sector.  Nevertheless, 
the state continues to have important responsibilities in planning for California’s 
electricity future.  The CCST report addresses policies that the state government 
can fruitfully pursue to address these responsibilities, including:

# Options the state can employ to promote environmentally sound 
investments by suppliers of electricity within the state;

# Options for conservation and efficient electricity consumption, such as 
real-time pricing and other retail policies;

# The scope of state authority for managing the resource portfolio in 
electricity; and

# The role of regional markets.

CCST has advised the state on energy issues in the past.  In 2001, CCST com-
pleted its review of the CEC’s Public Interest Energy Research (PIER) program, a 
high-quality research and development program that has the potential to provide 
the state with innovative energy solutions.  
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This single-axis line-focus solar collector is used for an experimental 
detoxification process at Lawrence Livermore National Laboratory.



In the past two decades, agricultural biotechnology has shown promising benefits 
for increasing food production and fiber production for a burgeoning world popu-

lation, reducing pesticide pollution, improving food, and providing new pharma-
ceuticals and bio-fuels for the future. At the same time, the introduction of the new 
technology has raised questions about potential risks. To make sense of this debate, 
the California Food Biotechnology Task Force asked CCST to examine the scientific 
literature on the benefits and risks of using transgenic crops.

CCST has now completed the review, which references, details, and analyzes cur-
rent literature and opinions on the benefits and risks of food biotechnology, particu-
larly in California. CCST Project Manager Seymour D. Van Gundy, UC Riverside’s 
dean emeritus of agriculture, oversaw the study’s preparation and coordinated the 
principal authors.

The report provides a science-based analysis of spliced-DNA crops and crop 
products. As the report explains, the new biotechnology techniques offer a more 
versatile and precise method of introducing one or more genes into a plant from 
unrelated organisms than with traditional plant breeding or other forms of genetic 
modification such as mutation, radiation, and embryo culture. 

The introduction of any new technology also brings risks, both real and imagined. 
Spliced-DNA crop technology has raised potential questions regarding food safety 
risks, environmental risks, and other social and ethical issues for the consumer. The 
ethical principles and goals that should be considered in this debate would: ensure 
that all stakeholders are heard; maintain a safe, nutritious, and plentiful food supply; 
preserve ecosystems, and; balance agricultural production and wise stewardship of 
the earth.

Senate Bill 2065 created the Food Biotechnology Task Force, which is co-
chaired by the Secretaries of the California Health and Human Services Agency, 
the California Technology, Trade and Commerce Agency, and the California 
Department of Food and Agriculture.

FOOD BIOTECH SUMMARIES
#  Introduction

By George Bruening, Director, Center for Engineering Plants for Resistance 
against Pathogens & Professor of Plant Pathology, UC Davis and Seymour D. 
Van Gundy, Emeritus Dean and Professor of Nematology, UC Riverside

Briefly describes the new crop improvement technology of DNA splicing (first com-
mercialized in 1994), compares the new technology with prior approaches to crop 
genetic improvement, and assesses likely outcomes from the planting of spliced-DNA 
crops.

#  Biotechnology Overview, Product Applications Consumer Response
By Christine Bruhn, Director, Center for Consumer Research, UC Davis

Presents a general overview of biotechnology, food biotechnology, discussion of ben-
efits and risks, product applications, and consumer attitudes.

#  Safety of Foods Derived from Spliced-DNA Crops 
By George Bruening, Director, Center for Engineering Plants for Resistance 
against Pathogens & Professor of Plant Pathology, UC Davis

Discusses the general risks of spliced-DNA transfer, food labeling, and the “precau-
tionary principle,” which requires that a technique be absolutely safe before it can be 
used. The scientific issue is whether transgenic crop products are quantitatively dif-
ferent from crops resulting from non-spliced-DNA technologies.
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“As the public debate on biotechnology 
continues, especially in the legislative 
arena, the CCST review will be an im-
portant document to educate legislators 
and staff on how the scientific commu-
nity views the use of transgenic crops in 
California.” 

Cynthia L. Cory, Director of 
Environmental Affairs, California 

Farm Bureau Federation



#  Transgenic Crop Plants and the Environment: Benefits & Risks 
By Norman Ellstrand, Professor of Genetics, UC Riverside, and Subray G. 
Hegde, Research Geneticist, Botany and Plant Sciences, UC Riverside

Technological innovations bring their own set of benefits and risks to the environ-
ment. The impact of transgenic crop plants on the environment is compared to con-
ventional agricultural practices. 

#  Spliced-DNA Crops in California
By George Bruening, Director, Center for Engineering Plants for Resistance 
against Pathogens & Professor of Plant Pathology, UC Davis

While U.S. plantings of cotton, soybean, and corn routinely use spliced-DNA culti-
vars, only spliced-DNA cotton has been produced at significant levels in California. 
Use of these varieties has improved cotton quality and yield, and reduced the need for 
synthetic insecticide applications.

#  Federal Regulations and Policy on Transgenic Plants 
By John E. Vanderveen, Emeritus Scientist, Center for Food Safety and Applied 
Nutrition, U.S. Food and Drug Administration 

The federal government has in place a broad and comprehensive approach for form-
ing policy and regulating the development and use of recombinant DNA (rDNA) bio-
technology derived foods as mandated by law, which involves many federal agencies. 
Regulators must balance all competing factors in a way that reduces overall harm to 
public health.

#  State Regulations 
By Dave Luscher, Senior Agricultural Biologist and John Steggall, Pesticide 
Management, California Department of Food and Agriculture

Describes how California, like most states, has deferred to the federal government for 
regulation of biotechnology products. The CDFA does not have the in-house techni-
cal expertise to do an in-depth critique of the genetic engineering methods and of the 
special environmental hazards.

#  Science versus Presumption in Assessing Risk 
By Henry Miller, Research Fellow, Hoover Institution, Stanford University; 
Gregory Conko, Policy Analyst and Director of Food Safety Policy, Competitive 
Enterprise Institute, Washington, D.C.

Suggests that current federal regulatory policies on the testing and commercializa-
tion of plants and foods developed with the techniques of the new biotechnology 
make neither scientific nor common sense. 

#  Biotechnology and Intellectual Property 
By Brian Wright, Professor of Agricultural Economics, Agricultural and Research 
Economics, UC Berkeley

Deals with intellectual property right issues, and how patents have become an im-
portant way to protect innovations and encourage investment. The number of pat-
ents is increasing rapidly, and overlapping, uncertain, and conflicting claims threaten 
the freedom of researchers to operate. 

#  A Guide to National and International Scientific Reports
By Tamara Schiopu, MBA Candidate in Environmental Management, and 
Seymour D. Van Gundy, Emeritus Dean and Professor of Nematology, UC 
Riverside

Provides an introduction and brief summary of the many national and international 
scientific panel reviews conducted since 1999.
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CCST meets three times a year. These meetings inform state leaders about 
CCST’s ongoing projects and initiatives and focus attention on other S&T-

related issues. Visitors and guests include heads of state agencies, Legislators, and 
leading experts from a variety of scientific and technological disciplines. Each 
meeting features speakers who are experts in their field.
OCTOBER 2001 – MAJOR THEME: 
Life Sciences

Colleges and universities need to become more entrepreneurial and interdis-
ciplinary, or they will not be able to meet the challenges of educating scientists 
and engineers in the future, according to CCST Council Member Henry Riggs, 
president of the Keck Graduate Institute of Applied Life Sciences at the Claremont 
Colleges. 

At the CCST Board, Council, and Fellows dinner in October, Riggs focused on 
how colleges and universities can effectively address the workforce needs of the 
rapidly expanding bioscience industries. “Engineering educators have responded 
inadequately to the exciting emerging opportunities in the life sciences,” he said. 
“Higher education needs to reinvent itself, but traditional, successful institutions 
are unable to lead this reinvention. So the best hope is to encourage entrepreneur-
ial ventures between higher education and industry, or new start-ups.” 

Riggs said he founded the Keck Institute in 1997 to offer an interdisciplinary 
approach to education. The institute launched a new Master of Bioscience (MBS) 
program in 2000. “Our students come with undergraduate majors in biology, en-
gineering, and computer science; working in teams on interdisciplinary problems 
and projects, they do a great job of teaching each other,” he said. 

FEBRUARY 2002 – MAJOR THEME:
Biomedical and Biotechnical Research

At CCST’s meeting in February, Dr. Stephen J. Ryan, dean of the Keck School 
of Medicine at USC, spoke about the biomedical industry in California and a 
proposed biomedical research park in Los Angeles. California’s biomedical R&D 
industry – headquarters for the global biomedical R&D industry – is a leading 
high-technology employer in the state, and ranks second in employment after the 
computer software and hardware industries.  

However, as the industry grows, there is concern about the lack of the people to 
work in this field. One solution is the creation of biomedical parks near academic 
institutions to encourage collaboration among scientists, entrepreneurs, venture 
capital investors, suppliers, and service providers. 

Ryan has proposed an ambitious billion-dollar plan to build a biomedical park 
adjacent to the medical school and the USC Health Sciences Campus. Ryan, who 
described this plan at CCST’s Board and Council meeting in February, estimates 
this will create nearly 24,000 new jobs, and pump $1.3 million into the local 
economy. 

“One reason that industry is not attracted here is because of the lack of an 
experienced workforce. Practical aspects of biotechnology education must be 
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addressed in order to promote industry growth and jobs,” Ryan said. “It will cre-
ate a dynamic environment for USC faculty start-up companies, will help expand 
the clinical and research environment for the Keck School of Medicine, and will 
offer an attractive option for biotech and biomedical companies and to faculty 
from other regional academic institutions such as Caltech, Cal State Los Angeles, 
UCLA, and others,” he said.

MAY 2002 – MAJOR THEME: 
The Internet

Larry Smarr, founding director of the California Institute for Telecommunications 
and Information Technology, Cal-(IT)2, was the keynote speaker at CCST’s din-
ner program held in Sacramento in May. The title of Smarr’s talk was “The 21st 
Century Internet - California’s New Critical Infrastructure.”

At the program, Gov. Gray Davis formally thanked CCST for the important 
work it is doing for California. He also discussed the California Institutes for 
Science and Innovation, unique partnerships between the state, industry, and the 
University of California that provide the infrastructure for education and inno-
vation to flourish in the state. Researchers from the institutes are doing leading 
edge research and development expected to promote economic development in 
the state.

As one of these institutes, Cal-(IT)2 seeks to extend the reach of the current 
information infrastructure throughout the physical world so that people will have 
access to the Internet anytime and anywhere. Cal-(IT)2 is a partnership between 
UC San Diego and UC Irvine. Complemented by research and development in 
related information technologies, the institute will help the state provide new ca-
pabilities to important market segments so they can be transformed by the new 
Internet and develop ways to monitor and manage growth anticipated in the com-
ing years.

“Our institute’s work is based on a wide range of fundamental research, and 
provides an integrated approach to research on the Internet’s future. What makes 
Cal-(IT)2 unique is our effort to move the most promising research ideas and pro-
totypes into test beds through our ‘living laboratories’ where we can experiment 
with them in a real-world setting,” Smarr said.

Cal-(IT)2 is currently developing a high speed wireless backbone which will 
help support other projects like early warning systems for emergencies, crisis 
management systems, and systems for monitoring bridges and buildings.
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