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The NanoTechnology Group Inc. is a Global Consortium that consistently looks for
solutions to develop Global Education that will eventually be put online in a
Clearinghouse for access anywhere in the world. I will briefly cover all levels of
education from workforce and university down to the primary grades in the hope that this
esteemed group will see the thread of true integration as a foundation to build highly
effective global education for future generations.
“Look deep into nature, and then you will understand everything better.”
Albert Einstein, Physicist
This quote from Albert Einstein was stated before we were gifted the ability to work with
nature at the nanoscale of science. If we work together to open this window into the
mysteries of our natural world, many new solutions to our current global issues will
surface providing many benefits for humanity.
Science is basically the study of how the world works. Therefore, if we address our
education goals with this in mind, all students will benefit. The study of science should
flow along a line from primary reality to functional truths, then proceed to practical
applications that can be used in a real world situation. Therefore, combining scientific
disciplines and encouraging communication and integration between the various fields
could be the very foundation of a knowledge base that interweaves the patterns, rhythms
and connectedness of everything in our reality.
Nature is our teacher at the nano scale and the integration of all studies concerning our
world mandates changing our traditional focus of teaching separate subjects minimum or
little depth to a matrix identifying the patterns and relationships unifying the subjects for
a deeper understanding and a natural flow of information.
In 2003, I was honored to give the Keynote Address1 at the first Human Resources for
Nanotechnology Conference2 in Thailand, hosted by the Asian Institute of Technology.
We covered many of the same topics that are the basis for this working group. The
follow-up courses they developed after this conference are online free to students around
the world and we are very proud to have them as members of our organization.
I will start by sharing the conclusions of that conference for your review.
The following recommendations were made for further development of human resources
for nanotechnology in order of importance:
1
2

Human Resources Development Conference Overview – online courses - Appendix 1
Thailand Executive Summary- Appendix 2

1

•

Find the needs of the current industries in each developing country to establish
plans for future nano products. Search for the supply and demand side of
prospective niche products.
• Translate English teaching materials into regional languages and/or build up the
students’ English proficiency to follow courses in nanotechnology
• Develop informational workshops to introduce and address virtues of
nanotechnology to industry.
Conclusions regarding Universities
• Re-train faculties in Universities to enable them to teach nanotechnology through
short term and specialized courses.
• Identify overlaps amongst faculties, learn more about each other’s subjects and
develop inter-and intra-departmental collaborations in Universities.
• Utilize a lecture/research combination for nanotechnology training.
Conclusions regarding collaborations
• Create a network for the exchange of students among Universities in Asia-Pacific
as well as more developed nations in Asia, Europe and America, so that in the
final year of masters courses students can make use of the vast available
infrastructure of the advanced countries to achieve hands-on learning experiences.
• Collaboration on textbook development, preferably made available over the
internet, for easier dissemination of information regardless of the buying power of
students.
• Expanded modules of current syllabus to easily add topics specific to nano
science information in biology, chemistry and mathematics.
Present knowledge base of semiconductor engineers
• Include subjects based on engineering disciplines necessary to develop the human
resources in these areas.
• Schedule interactive lectures given via electronic media from various universities
and interrelated disciplines.
Let’s take this section one step further and talk about:
• The benefits of retraining semiconductor engineers as an example:
In 2015, the nanotechnology industry is expected to reach approximately one
trillion dollars thereby creating numerous engineering jobs. We won’t be able to
fill these jobs unless we start re-training engineers from all disciplines now who
were already in the marketplace before the year 2000 when the first
Nanotechnology Initiatives were funded.
Recent job losses in the semiconductor industry have led to a large, available,
engineering workforce that is well distributed among the major high technology
regions. Since most semiconductor engineers are well acquainted with the basics
of solid-state physics, it is very easy for them to make the transition from
semiconductor engineering to nanotechnology.
For corporations with in-house universities, retraining semiconductor engineers
will be especially easy, and this is certainly an ideal and cost effective solution for
2

the coming nanotechnology engineering shortage. However, in developing
countries, re-training must be a prior investment to convince the companies that a
viable workforce of skilled engineers and technicians is possible.
Regardless of whether the semiconductor engineers’ experience comes from
development or manufacturing, they will all share common background elements
that give them an excellent head start in nanotechnology.
•
•
•
•
•
•

These include a good understanding of:
device physics,
chemistry,
material science,
general manufacturing knowledge,
and metrology,
often with hands-on, in-line SEM (scanning electron microscopes)
and TEM (transmission electron microscope) experience.

Refresher math courses
• Taking these basics into consideration, the retraining requirements for
semiconductor engineers will be less of a burden to developing countries as a
solution for developing a nanotechnology workforce within a short period of time:
Many of the recently laid-off semiconductor engineers are highly academically
qualified and excellent performing individuals with decades of work experience.
Since they probably haven’t taken fundamental technical classes for many years, a
thorough retraining program should begin with mathematics review seminars that
cover:
• algebra,
• trigonometry,
• calculus (through three dimensional calculus),
• matrices,
• vector analysis,
• and fractal geometry.
•

Don’t be surprised if they have never seen fractal geometry before, as this subject
was discovered after many engineers had already graduated and courses still need
to be developed. Recently the ASME added three new chapters on Fractal
Geometry for measurement of wavy surfaces at the Nano Scale.3
Review Seminars
• After the mathematics skills have been refreshed, the next set of review seminars
should include:
•
•
•
3

general chemistry,
solid-state physics,
optics,
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•
•
•
•
•

electricity
and magnetism.
These should be followed by an in-depth course on:
quantum mechanics
and quantum field theory.
Since much of the current nanotechnology has medical applications, a strong
biology background must be developed in order to communicate well with
medical customers, and few semiconductor engineers will be prepared.
• A general biology class followed by courses in:
• genetic engineering
• and biochemistry should be sufficient to meet the engineers’
communication needs.

Nano specific courses
At this point, semiconductor engineers should have sufficient background for the
three nanotechnology-specific classes. First, they should take a nanotechnology
theory class that covers
• nanoparticles,
• MEMs,
• fullerenes,
• nanotubes (not just carbon nanotubes),
• quantum dots / wells / wires,
• and self-assembly.
• Second, the engineers will need to take a nanometrology and
nanomanipulation course that is followed by a two to three month tour of
duty in a nanometrology laboratory to gain the hands-on experience.
As we approach 2015, more and more companies will need to have in-house
laboratories for their manufacturing operations. Finally, the semiconductor
engineering retraining program should conclude with a nanotechnology
applications course (wet-chemistry and bio, and dry-physics, electronics etc.) that
includes photonics. All of this coursework can be taken on a part-time basis
along with on-the-job, new-hire training during the rest of the workweek.
What type of courses are currently available in Universities?
Throughout the world, only a few universities offer nanotechnology majors and
those that do offer them are not yet attracting enough students, so low enrollment
becomes a big issue.
Students can compensate on their own initiative by taking a double major in
mathematics and physics coupled with a double minor in chemistry and
biology (or an equivalent combination of the engineering counterparts).
Nanotechnology is unique in requiring such a broad and in-depth background due
to the numerous applications for nanotechnology products. However, a double
4

major coupled with a double minor (namely a major in nanotechnology) is too
much to accomplish in the standard four-year college program.
This takes us to the next issue: Nanotechnology students will need a substantial
head start before college.
This drops us down to the current high school level:
In order to accomplish this head start, high school students, who wish to major in
nanotechnology, must take advanced placement (AP), equivalent to first year
college general survey class) biology, AP chemistry, and AP physics. This is
currently a highly unusual achievement and very difficult to schedule within the
standard high school course allotments.
In addition, the students’ mathematics foundation will need to include algebra,
geometry, fractal geometry, trigonometry, calculus (through three dimensional),
matrices, and vector analysis. Other supporting classes that would be very useful
in getting a head start are statistics, a general computer class which may not be
available.
The lack of knowledge and preparation has also affected the course selection in
universities. Without any preparation in high school, students are not even aware
that nano scale science and technology are available as choices for a career path.
These issues sent us looking for an alternate solution:
Since these advanced classes may not currently be available in High School, we
are looking at two year Community Colleges and two year Technical Colleges to
teach these advanced courses along with new Introductory courses for
Nanotechnology.4 Dakota County Technical College in Minneapolis, Minnesota
has started teaching these first courses to a small group of 30 students in 2004.
Texas State Technical College has just received a Texas Workforce grant to add
specific nano applications curriculum to start training technicians for the future
workforce.5
In the high school arena, University of Central Florida RUE program developed a
course for Grade 12 at Apopka High School in Florida6 which our organization
offers as a free online resource for high school teachers.
University of Utah, has submitted a grant requesting funding for curriculum
development for grades 7-9 through the National Science Foundation.7
Current workforce studies estimate that 15 technicians will be needed for every
scientist in nano manufacturing by 2015.
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TIMMS International Testing in Science and Math shows China as Global Leader
since 1996.
While we are all distracted with our curriculum and course development at the
university level of courses, China understands the necessity of teaching young
children how our world works from the “bottom up” and has started teaching
nano science courses in primary grades 1-68 this year. They will continue to lead
the world in future generations if we do not pay attention and share this
knowledge with students from all countries.
How do they teach children so young?
They set up a lab that looks like a creative, high-tech playroom. For example, in one
corner stand two eye-catching rectangular floor lamps. One features huge polka dots, the
other has black-and-white motifs - the kind more commonly found on Jersey cows. They
wanted to make the entire experience fun and non-threatening for the children so the
walls of the lab - both inside and out - are covered with bright, bold wallpaper, featuring
graphics of atoms and molecules.
There are eight electron microscopes - which have a X1600 resolution.
This means the students can see objects the size of a micron - which is about the size of a
dust particle. Each microscope costs about $3,000. There is also an interactive corner
with Lego sets and golf balls for model making, as well as display cabinets featuring the
works of some pupils. The lab has been in use since the school term started in January
2004.
All the children go to the lab two or three times a week. Lessons are fun and kept simple,
especially for the younger ones.
First and second grade children are allowed to fiddle around with the microscopes under
supervision. They are then encouraged to talk or write stories about their experience. So
as they familiarize themselves with a science lab and the objects found there, they are
also improving their speaking, reading and composition skills.
Third and fourth grade children learn how to construct models of atomic structures, using
golf balls and Lego sets.
e
Things get a little more in-depth for children in fifth and sixth grade.
Fifth grade pupils are able to peer down microscopes to examine a strand of hair. They
are then required to record their findings on worksheets which instills good research
skills at an early age. The sixth grade pupils also have to do a project on nanotechnology.
This encourages critical thinking skills and decision making skills at an early age.
However, there are no exams or tests. Instead, it becomes a part of their syllabus through
8
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integration into other subjects. This is a key factor in the success of integration of
subjects.
How do they integrate nano with other subjects at this young age?
Young children are very active in a creative mode, so an art teacher can book the lab and
ask her pupils to draw what they saw under the microscope.
The natural beauty of the shapes and the colors at the nano scale as you can see in this
short film stimulate a natural creativity.
Can we offer solutions to provide nano science education globally?
The technologies in place for global communication through the Internet provide new
opportunities to explore the visual elements of nature for all grade levels bringing back
the wonder and awe that is inherent in a child’s innocent perception while their minds are
open to learning and their curiosity has no boundaries. A Virtual Nano Class Room9 can
be developed for online use and also be digitally produced on DVD for grades 1-6,
teaching the same principals that these young children are learning in China.
Textbooks cannot show this scale of nature but the tools are available to move education
forward with virtual worlds to explore nature at the nano scale including online nano labs
for interactive experiments that have been tested at the University of Basil in Switzerland.
This project is called Nano World10 and the designer of these teaching tools was Peter
Fornero, who has stated that online nano labs could be developed for primary and high
school students.
If we can follow the lead of China, by grades 7-9, students would be familiar with the
scientific principles for observation; they would have an understanding of laboratory
environments and would be prepared to explore the nano world with the virtual
interactive nano labs.

Chemistry biology and physics could be introduced in these formative years in grade 8
9
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and 9, along with Algebra 1 & 2, and an Introduction to Euclidean and Fractal geometry
which would interweave all the normally separate subjects at an early age preparing the
students for high school and college.

Current 8th grade U.S. textbooks have a one page introduction to the atom.
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While the textbooks classify “buckyballs” as weird science.
Students are searching for information, experiments and science projects on the web as
the schools are not teaching a syllabus that includes nano scale science and the
technology of their future.
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The United Nations is already involved in global education projects as described in this
article from the BBC.11
UN creates game to tackle hunger:
A forthcoming video game aims to educate children about the global fight against hunger.
http://news.bbc.co.uk/go/em/fr/-/2/hi/technology/3548230.stm
Therefore, if we follow their lead, this virtual world of education would bring us a step
closer to the future of totally Immersive Virtual worlds combined as innovative,
interactive edu-tainment.
I hope this brief synopsis allows our working group to work toward our goals to set the
foundation for an interchange of ideas for the development of projects to benefit not only
developing countries, but all of our countries struggling with these education issues.
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