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Nanotechnology is not an Industry

* Not a single industrial sector
e Spans across industries

— Applies to production processes and new product
development

* Potential to fundamentally change production
processes

 Compared to assembly line, electricity, Internet

— Spillover to other markets due to lower costs of
production

— Recent study identified 800+ nano-related firms
associated with 40 NAICS codes



Labor Market Implications

* Nanotechnology can influence jobs across
industries and skill levels

* Impact will depend on:
— Adoption of nanotechnology across industries

— Development of new products
— Projected to grow 44% over next 12-15 years
— Extent of lower production costs and product
prices

— Substitution of nanotech products and processes
for existing ones

— Concentration of labor in effected sectors



Importance of skilled Labor

* Unique issue:
— Length of time needed to develop supply pipeline
* Concerns in any emerging scientific sector:

— Does an adequate labor supply exist?

— Particularly, does a shortage of labor exist in the
near and long term?

— Can the required labor pool be developed? If so,
how long will it take?

— Do adequate incentives exist to attract and retain
sufficient labor?



Labor Market Measures

* Need measures of labor market and training
activities
* Traditional Measures:

— Educational enrollment and attainment (humber
of students enrolled, number of degrees
conferred)

— Level of employment
— Job openings
— Wages



Measurement Issues Related to
Nanotechnology

e US Case

 Current standardized sources of national-level
data on S&E education and employment

— Census Bureau and Bureau of Labor Statistics firm-
and individual-level employment data

— National Science Foundation (NSF) surveys related
to skilled labor:
e Survey of Earned Doctorates (SED)
» Survey of College Graduates (SCG)
» Survey of Doctorate Recipients (SDR)



Measurement Issues Related to
Nanotechnology

 Lack of information

— No industrial classification (NAICS) exists for
nanotechnology

— Current NSF data collected by educational field, with no
nanotechnology definitions

— Nanotechnology spans sectors, which complicates ability
to clearly link measures to nanotechnology

» S&E fields: Physics, chemistry, biological sciences, engineering,
computer sciences, information systems, etc.

* Industries: materials, electronics, biotechnology, computing,
information, etc.

e Cannot easily identify nano workers from all workers employed
at a given firm due to aggregated data reporting

* Complications in linking existing data due to confidentiality
restrictions



Measurement Issues Related to
Nanotechnology

* Uncertainty in future forecasts of labor demand
and supply

— NSF estimate of nanotech workers

* In late 1990s, NSF predicted 2 million nanotech jobs
worldwide by 2015 but unclear how this forecast was made

— Changing industries and firms
* Survey-based estimates can miss emerging small businesses

— Changing S&E student populations
* Recent decrease in foreign students
* Low numbers of native students

— Little empirical research related to nanotech labor
market and limited research related to emerging high-
tech fields for comparisons



Example of Research on Nanotech Labor
Market Using Innovative Measures

* Limited existing data requires innovative
measures and methods

 Demand-side measures
— Job ads
— Salaries
— Employer interviews

* Supply-side measures
— Counts of programs and courses
— Counts of training program graduates/participants
— Employment of students and staff at nanotech labs
— Flow of talent trained in complementary fields



Research Methodology

* Demand for high-skilled nanotech workers
— Job announcements listed in Science in 2002 and 2005

— Job announcements listed on nine websites for 2-20 months in
2005-2006

* www.monster.com, www.careerbuilder.com,
http://aaas.sciencecareers.org, http://naturejobs.nature.com,
www.nanoguys.com, www.smalltimes.com, www.tinytechjobs.com,
www.workingin-nanotechnology.com, www.memsnet.org

— Ads selected based on key words of “nano” or “mems”
* Also used quantumdot, tunneling, lithography, and nems

— Not exhaustive list of openings but reasonable indicator
e Supply of high-skilled nanotech workers

— Course catalogs for 26 universities in 1996-2006

— Staff information from web pages at 415 labs affiliated with 21
nano-centers at 14 universities



Evidence of Demand

* No salary information reported in any job ad

* Number of positions announced in Science grew
at an annual rate of 43% between 2002 and 2005

* By comparison, 11% growth between 2001-2002

* Number of positions announced in online ads did
not change over 20-month period
(www.memsnet.org)

 Demand for nanotech workers is low
— 171 positions in Science and 125 online positions

— For comparison, 125,160 PhDs in physics, chemistry,
materials science and electrical engineering working
in US in 2001



Evidence of Demand continued

* Degree requirements vary

— For online positions:
* 25.6% bachelor degree
* 33.6% multiple degrees requested
* 38.4% PhD
* 2.4% unspecified
— For Science positions:
* 0% bachelor degree
* 4.1% multiple degrees requested
* 46.2% PhD
e 49.7% unspecified

 Source of demand varies

— Positions announced in Science overwhelming for academe or
government/non-profit organization (~97%)

— Positions announced online usually for firms (~73%)

— All types of firms are demanding nanotech workers (large, small,
dedicated, non-dedicated)

* Majority (78%) of positions for firms at non-nanotech-dedicated firms



Evidence of Supply

* Limited nano-specific graduate programs:

— First US PhD program in nanotech at University of Washington in
2000

— First US PhDs awarded in nanoscience in December 2004 at The
State University of New York at Albany

* Nanotech training occurs largely in labs

— Among 26 academic institutions studied, number of “nano”
courses grew from ~10 to ~225 during 1996-2006

— 415 unique labs associated with 21 nano-centers at 14 academic
institutions connected with
* Average staff size of 13 (median 11)
e 2506 graduate students
e 821 postdocs
* 507 undergraduate students

— Only 3 of the 14 “lab” institutions had or were in the process of
creating PhD programs in nanotechnology



Key Findings

Currently, small market exists for labor with nanotech skills
— Most recent growth at universities and government labs

No sign of current shortage of high-skilled labor

Labor available to retrain or transition into nanotechnology
* In 1980, 2,395 PhDs awarded in nanotech-related fields (14% of all S&E PhDs awarded)
* In 1990, 4,169 PhDs awarded (18.2%)
* |n 2000, 5,017 PhDs awarded (19.3%)

Potential future shortage depends on rate of job growth, skill levels required, and

supply pipeline

Slow development of formal nanotech programs at universities

Likely span different disciplines requiring cooperation across institutional units
Early stage of nanotech field may make it challenging to stand alone

Broad range of coursework across disciplines that is required of students can be a
disincentive to pursue nanotech program
Universities and Pls have focused on research efforts due to nanotech funding instead
of on academic programs

* Over 54 billion of research funding from US government

Nanotech training occurring informally in lab



Nanotech Labor Activities
in the United States

* National Nanotechnology Initiative, established in 2001

— One of four major goals is to “Develop educational resources, a skilled
workforce, and the supporting infrastructure and tools needed to advance
nanotechnology.”

* Examples:

— New Center for Learning and Teaching in Nanoscale Science and Engineering to
develop scientist-educators and provide resources

— Network of over 60 research and education centers established
— K-12 and undergraduate curricula development

— As of 2003, a “five-year goal of the NNI is to ensure that 50% of US
research institution’s faculty and students have access to the full range of
nanoscale research facilities, and student access to education in nanoscale
science and engineering is enabled in at least 25% of the research
universities.”



Nanotech Labor Activities
in the United States

* Active federal funding for nanotech research and training across
agencies (DOD, DOE, NIH, NSF, USDA)
— $1.2 billion in basic research in 2005

— Lawrence Berkeley National Lab’s Nano*High (over 600 high school
students participated in 2006)

— NSF research and training grants

e State nanotech initiatives in over 25 states

— Examples: California, Georgia, lllinois, Massachusetts, New York, Oklahoma,
Oregon, Pennsylvania, South Carolina, Texas, Virginia

* Occupational safety issues related to working with nanomaterials

— Recent research and guidelines from the National Institute for Occupational
Safety and Health



Measurement Recommendations

Standardized definition of nanotechnology needed for clear, consistent measurement
Creation of nanotech categories for education, training, and employment data

Addition of nanotech questions to data collection instruments (can be expensive)
— Use existing surveys
— Involve government statistics and data agencies in development of measures (such as Census,
BLS, and NSF)
National-level data collection for broadest measurement
— Individuals
— Firms

* Example: In-progress study by Center for Nanotechnology and Society at Arizona State University on
workforce needs of biotechnology, microelectronics, and optics firms in Arizona

— Institutions
— Examples:
* Annually collecting data on number trained in different types of nanotech programs
* Computing nanotech workforce scores based on Stuart and Forman measure
International collaboration beneficial in establishing measures for international
comparisons

Extension of recent research to more fully capture nano labor markets
* Employment ad analysis
* Training program analysis
* Firm analysis



