9
K–12 Outreach Programs
A five-year goal of the NNI is to ensure that 50% of U.S. research institutions’ 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.
Mihail C. Roco
NSF Senior Advisor for Nanotechnology1

Overviews: Nanoscience Education Outreach Programs
from U.S. Universities and Nano Centers
A highly significant impact of the National Nanotechnology Initiative (NNI)
is the focused investment by the eight participating agencies2 in the establishment and development of 85 multidisciplinary research and education
centers devoted to nanoscience and nanotechnology. Many centers, with
state-of-the-art equipment for nanoscale research, are designated user facilities, available to researchers from academia, the private sector, and scientists
at national laboratories.
The resources provided by these Nano Centers and Universities are designed as
outreach to inform the public along with teachers and students. The goal was to
provide a complete resource overview as the beginning of a Clearinghouse for K–12
Nanoscience Education. Please accept our apologies for any program that was not
included.

The Institute for Chemical Education, Madison, Wisconsin
Under the leadership of Professor John W. Moore, W. T. Lippincott Professor
of Chemistry, this center has been an early advocate for e-learning to
advance science education. Understanding the power of interactive education, Professor Moore was already working on the National Science Digital
Library project when he and I were introduced in 1998.
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In addition to his work with the Institute of Chemical Education (ICE),
Professor Moore has made major contributions to several important projects in
chemical education along with coauthorship of textbooks: The Journal of Chemical
Education, as founder in 1989, and editor (1996–2009); the National Science Digital
Library—he heads one of 11 Pathways projects, Project SERAPHIM, to develop
innovative chemical education materials using computers and other technology.
Institute for Chemical Education: Overview
The Institute for Chemical Education (ICE) was established in 1983 to provide a center for science educators to develop and disseminate ideas. ICE is
national in scope and has led the drive to help teachers revitalize science in
schools throughout the United States. Its efforts include creating new materials for teaching and learning, research in chemical education, development
of demonstrations and hands-on activities, sponsors of workshops for teachers, organization of laboratory and demonstration programs for school children, and dissemination of exemplary ideas via publications and kits.
All ICE programs emphasize hands-on science, taught interactively to help
students develop powers of observation and problem solving. ICE aims to
stimulate the scientific curiosity of all teachers and students, not just those
traditionally well served by our educational system, through these goals:
• Make science hands-on at all levels
• Enable teachers to become better teachers, not merely tell them what
to do
• Draw ideas from what teachers say they need
• Develop and distribute materials that are usable and affordable for
the average teacher in the average classroom
Over 3500 teachers of kindergarten through college have attended workshops at ICE headquarters, located at the University of Wisconsin–Madison,
and at other locations across the country. In addition, ICE affiliates at more
than 60 other colleges and universities have been trained to carry out workshops that enhance the teaching of science.
ICE also serves as the Education and Outreach arm for the University
of Wisconsin–Madison Nanoscale Science and Engineering Center on
Templated Synthesis at the Nanoscale (NSEC). The NSEC is one of 16 centers
funded through the National Nanotechnology Initiative to build infrastructure for nanotechnology research and education across the country.
The NSEC Education and Outreach program develops new scalable teaching and learning programs, methodologies, and communities to cultivate
a diverse next generation of nano scientists and engineers. They educate
underrepresented groups, offer teacher professional development for K–12
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schools, and design new teaching models for students with physical and
learning disabilities.
ICE programs3 receiving support from the NSEC include: SCI ENCountErs for
K–12, informal science education exhibits, teacher workshops, independent laboratory access for the blind, Today’s Science for Tomorrow’s Scientists program,
online nanoscience for teachers, and research experience for undergraduates.
Support for ICE programs comes from the University of Wisconsin–
Madison and through grants from National Science Foundation.
Exploring the Nanoworld
The University of Wisconsin–Madison Materials Research Science and
Engineering Center (UW MRSEC) Interdisciplinary Education Group, under the
direction of Wendy Crone, works in unison with ICE. Using examples of nanotechnology and advanced materials to explore science and engineering concepts
at the college level, they manage to bring the “wow” and potential of nanotechnology and advanced materials to the public. The curriculum developed under
their program for K–12 students follows the state and national standards of excellence, and passes all assessment testing requirements. The programs contain
lesson plans, units and courses, background and supporting slides, videos of
laboratory experiments, laboratories, activities, demo videos, exhibits, and kits.
Grades 6–12
The Nanoworld Cineplex4 has been one of the most popular online
resources for teachers for over a decade as a demonstration tool in their
classroom. The Nanoworld Cineplex facilitates instruction in science and
technology using a visual medium to show basic experiments related to
nanotechnology.
The Guide to the Curriculum Materials5 page has categorized listings for
all the resources as a menu that teachers and students can explore.
The most recent development under the Kits section is a board game,
developed for the students and parents to explore connections between science, nanotechnology, and society.
NanoVenture: The Nanotechnology Board Game 6 —High School
NanoVenture: The Nanotechnology Board Game explores the connections
between nanoscience, nanotechnology, and society. In this game, players
become leaders of a new country. The leaders are challenged to make decisions regarding their country’s use of nanomaterials and nanotechnology
for industrial expansion, military applications, economic security, and
basic scientific research, while maintaining a high approval rating from the
citizens of the country. These decisions require players to carefully analyze
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the interplay of technological advances, regulations, public perception, and
risk, while also learning about the emerging field of nanotechnology.

Materials World Modules at Northwestern
University—Middle and High School
The NSF-funded Materials World Modules (MWM) Program7 has produced
a series of interdisciplinary modules based on topics in materials science,
including composites, ceramics, concrete, biosensors, biodegradable materials, smart sensors, polymers, food packaging, and sports materials.
Two new modules for teaching nanoscience and nanotechnology are now
available for teachers.
The modules are designed for use in middle and high school science, technology, engineering, and math classes; and are used by over 35,000 students
in schools nationwide.
The MWM modules are based on principles of inquiry and emphasize
active, hands-on learning. Most importantly, they provide middle and high
school students new opportunities to apply what they learn in the classroom
to real-world problems. MWM modules are designed to meet all National
Science Education Standards and state standards.
MWM strives to offer user support through informational workshops,
training programs, networking, and mentor support. They also offer exhibits
of classroom projects, a listing of helpful online resources, and a Web-based
collaboration network that includes an online question and answer service
for educators and students. The network MWM NET8 is a virtual community
for teachers across the nation and around the globe to interact and share
resources through the MWM Web site. Members can network with fellow
MWM teachers and view and contribute to the extensive Web-based gallery
of free teaching resources and services.

NCLT—National Center for Learning and Teaching Nanoscale
Science and Engineering—Northwestern University
The NSF-supported National Center for Learning and Teaching in Nanoscale
Science and Engineering (NCLT)9 is designed to build capacity in Nanoscale
Science and Engineering Education (NSEE). They aim to equip future generations by advancing science, technology, engineering, and mathematics
(STEM) education. Established in October 2004, the guiding theme of the
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NCLT is research on learning and teaching through inquiry and design of
nanoscale materials and applications. On their NanoEd Resource Portal10 an
explanation of their progress since 2004 to identify appropriate introduction
of nanoscience concepts into science curriculum has produced four reports
that you can download in PDF files on the Web site:
• Exploration of Student Understanding and Motivation in Nanoscience (PDF)
Kelly Hutchinson, Namsoo Shin, Shawn Y. Stevens, Molly Yunker,
César Delgado, Nicholas Giordano, and George Bodner
• The Development of Students’ Conception of Size (PDF)
César Delgado, Shawn Y. Stevens, Namsoo Shin, Molly Yunker, and
Joseph Krajcik
• Using Learning Progressions to Inform Curriculum, Instruction and
Assessment Design (PDF)
Namsoo Shin, Shawn Y. Stevens, César Delgado, Joseph Krajcik, and
James Pellegrino
• A Design-Based Approach to the Professional Development of Teachers in
Nanoscale Science (PDF)
Lynn Bryan, Shanna Daly, Kelly Hutchinson, David Sederberg,
Randal Batchelor,² Eric Hagedorn, William Fornes, and Nicholas
Giordano
Lesson Plans11 for Teachers
Level: Grade 7–12 Teachers
Unconventional Patterning at the Nanoscale
Submitted on 23-FEB-07
Contributed by Teri Odom, Meenakshi Viswanathan, Yelizaveta Babayan
The ability to generate nanoscale structures is central to modern science
and technology. The experiments described in this site provide the first step
toward bringing nanofabrication to undergraduate students using simple
benchtop tools that are accessible and inexpensive. These experiments are
currently taking place in the first quarter of a sophomore seminar (Chem
250-1) offered jointly by the Weinberg College of Arts and Sciences and the
McCormick School of Engineering at Northwestern University.
What Can Electrons Do?—Electron Microscopy
Submitted on 13-FEB-07
Contributed by Jian-Guo Zheng
This project is to educate students about important roles of electron microscopy in nanoscience and nanotechnology. It will cover some properties
of electrons, principles of electron microscopy, applications of electron
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microscopy in characterizing nano-scale materials, and the development of
electron microscopy to meet challenges in nanotechnology.
Nanomaterials, MSE 376 (Spring 2005)
Submitted on 02-MAY-06
Contributed by Mark Hersam
Materials Science and Engineering 376, Nanomaterials, is an interdisciplinary introduction to processing, structure, and properties of materials at the
nanometer length scale. The course will cover recent breakthroughs and
assess the impact of this burgeoning field. Specific nanofabrication topics
include epitaxy, beam lithography, self-assembly, bio-catalytic synthesis,
atom optics, and scanning probe lithography. The unique size dependent
properties (mechanical, thermal, chemical, optical, electronic, and magnetic)
that result from nanoscale structure will be explored in the context of technological applications including computation, magnetic storage, sensors,
and actuators.
Nanocos: The Card Game of Nanotechnology Concepts12
Level: Middle School and Above
Brief Summary of the Game
Nanocos is a two-player card game, with each player having a deck consisting
of Object cards, Action cards, Microscope cards, and Carbon cards. Taking
turns, each player selects an Object card to engage with the opponent’s Object
card; the player with the larger SA/V prevails, and he or she gains a Carbon
card. The complexity of the game is multiplied by the use of Action and
Microscope cards. Some Object cards require the use of Microscope cards in
order to be seen. The first player to collect all five Carbon cards, representing
the five allotropes of carbon, wins the game.
Learning Goals of the Game
To relate volume and surface area for different objects that students have
already learned in chemistry, biology, and astronomy and extend this concept to the nanoscale:
• To understand size scales
• To make calculations with powers of ten
• To realize that smaller objects have larger surface area to volume
ratios, which can result in drastic physical or chemical property
changes at the nanoscale
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• To know different types of microscopes and what size objects they
are designed to view
• To use the scientific method (hypothesizing, observing, drawing
conclusions)
• To employ strategic play
The NCLT is part of the group of NSF-funded Centers for Learning and
Teaching;13 CLTnet14 lists resources and reviews of all centers.
The NCLT in Nanoscale Science and Engineering Has
Partnered with Taft High School of the Los Angeles Unified
School District to Launch a Nanotechnology Academy
Funding from the U.S. Dept. of Education “Small Learning Community”
initiative and an SSP Nanotechnology grant from the State of California
supports the program. The Academy will train several hundred of the 3,000
Taft students over a four-year period using an integrated curriculum that
links nanotechnology to a wide range of courses including science, technology, engineering, math, social studies, language arts, and fine arts. NCLT
is partnering with 146 Taft teachers and administrators to develop and
implement the new curriculum, offer summer research opportunities, and
provide professional development for the teachers already certified in math
and science.
NCLT’s new UCLA Regional Hubsite combines the resources of California
Nanosystems Institute (CNSI), UC Center for Environment Implication of
Nanotechnology (CEIN), and the new $25 million NSF/EPA–funded center
to provide year-round mentoring for the project, with input from local industrial researchers.
The one-year Passport Course features five units of inquiry-and-designbased NCLT nano-modules and classroom kits, enhanced with Web-based
animations, simulations, and games. A virtual lab space enables Taft students and teachers to collaborate with each other and with their peers at
other NCLT-network schools to be developed nationwide.
Three more NCLT Hubsites have been established: Central U.S.: Colorado
State University–Center for Extreme Ultra Violet (EUV); Southern U.S.:
Louisiana State University–Gordon A. Cain Center; and Northeastern U.S.:
State University of New York–Albany. The original NCLT at Northwestern
University will remain the Hubsite for the Midwest, with two more locations
to be named in the future. The Network of NCLT Regional Hubsites will
receive infrastructure support, capacity building, and joint funding. Hubs
will provide expertise, field test data, professional development, and classroom outreach. Hubs will connect colleges, school districts, NSE Centers,
national labs, industry, and museums.
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Ohio State University–Center for Affordable Nanoengineering
of Polymeric Biomedical Devices (CANPBD)
The CANPBD goal is development of polymer-based, low-cost nano engineering technology, to produce micro-/nanofluidic devices, cell-based
devices, and multifunctional polymer-nanoparticle-biomolecule nanostructures. These devices are needed for production of next-generation medical
diagnostic and therapeutic applications.
Outreach Educational Programs for Students
Throughout the school year, groups of students from area high schools and
home-schooled students visit the labs for tours and hands-on experience
with state-of-the-art equipment.
Teacher’s Workshops
Summer: A full-day, hands-on workshop for high school teachers that
includes a take-home kit with everything required to do each experiment
in the classroom. Sixteen teachers from high schools in and around central
Ohio participated in a 2009 workshop, learned about nanotechnology, and
observed and performed experiments. Experiments ranged in complexity
from measuring a nanometer to modeling tissue engineering using nanotechnology. The teachers also toured the Nanoscale Science and Engineering
Center clean room facility at Nanotech West and observed researchers at
work. Afternoon activities included a cryogenics and phase change demonstration: the preparation of liquid-nitrogen ice cream.
Teacher Resources15
Currently 16 lessons: high school teachers can download these free online.

The College of Nanoscale Science and Engineering
(CNSE) of the University at Albany16
This is the world’s first college dedicated to research, development, education, and deployment in the emerging disciplines of nanoscience, nanoengineering, nanobioscience, and nanoeconomics. With more than $5.5 billion
in public and private investments, CNSE’s Albany NanoTech Complex has
attracted over 250 global corporate partners.
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Students, faculty, and corporate partners use leading edge tools at CNSE’s
Albany NanoTech Complex, which houses research and development, and
prototype manufacturing infrastructure, Class 1-capable clean rooms, and
the most advanced 200-mm/300-mm wafer facilities in the academic world.
CNSE students take part in a groundbreaking course of study. The
NanoCollege’s unique, cross-disciplinary curriculum, offering B.S., M.S.,
M.S.–M.B.A. and Ph.D. degree programs, allows students to delve deeply into
a wide variety of advanced topics needed to support cutting-edge research.
CNSE’s Albany NanoTech Complex serves as an acceleration facility for
more than 250 global corporate partners, helping them overcome technical,
market, and business development barriers to successfully deploy nanotechnology-based products.
High-school seniors17 conducting research at CNSE receive recognition in
the prestigious Intel Science Talent Search. From clean energy initiatives to
revolutionary health-related research, three high school students took their
science projects to the next level under the guidance of CNSE faculty as part
of internships at CNSE’s world-class Albany NanoTech Complex.
New Bachelor’s Degree Program
The bachelor’s degree in Nanoscale Engineering at CNSE complements
the undergraduate degree in Nanoscale Science—launched last June as the
world’s first comprehensive baccalaureate degree program in nanoscale science—as well as CNSE’s graduate-level curriculum, which was also a global
first when it commenced in September 2004.
Students completing the CNSE bachelor’s degree program in Nanoscale
Engineering will be well-equipped to solve challenging problems in nanoscale engineering and applied sciences, as well as other physical and biological engineering sciences, and will be uniquely educated to pursue
opportunities in emerging high-technology industries, including nanoelectronics, nanomedicine, health sciences, and sustainable energy, as well as
competitive graduate degrees in emerging engineering fields.
The Nanoscale Engineering curriculum comprises a cutting-edge, inherently interdisciplinary academic program centered on scholarly excellence,
educational quality, and technical and pedagogical innovation. The program
will give students the abilities to creatively solve nanoscale engineering
problems through the use of rigorous analytical, computational, modeling,
and experimental tools based on foundational physical or biological sciences
and mathematics, nanoscale materials, and applied engineering concepts.
The program will also enable students to propose, formulate, and execute
original, cutting-edge nanoscale engineering research at CNSE’s Albany
NanoTech Complex. UAlbany NanoCollege offers students a world-class
experience working with, and learning from, the top innovative minds in
the industrial and academic worlds.
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The CNSE houses the only fully integrated, 300-mm wafer computer chip
pilot prototyping and demonstration line within 80,000 square feet of Class
1-capable clean rooms. More than 2,500 scientists, researchers, engineers,
students, and faculty work on site at CNSE’s Albany NanoTech, from companies including IBM, AMD, Global Foundries, SEMATECH, Toshiba, Applied
Materials, Tokyo Electron, ASML, Novellus Systems, Vistec Lithography,
and Atotech.
Nano for Kids18 Programs
CNSE conducts multilevel programs that encourage science awareness in
grades K–12 to help ensure the U.S. science and technology workforce of the
future.
NanoCareer Day
NanoCareer Day introduces middle and high school students to the exciting world of nanotechnology through tours, presentations, and hands-on
activities.
NanoHigh
NanoHigh, developed jointly by the City School District of Albany (CSDA)
and CNSE, offers students an unprecedented opportunity to study the
emerging field of nanotechnology through two courses that combine classroom learning at Albany High School with monthly on-site visits to CNSE
for in-depth lab activities.
Excelsior Scholars Nanoscale Science Summer Institute—Grade 7
Funded through the New York State Education Department’s Excelsior
Scholars Program, the Nanoscale Science Summer Institute provides a oneof-a-kind, hands-on opportunity for seventh grade students to take part in
advanced academic coursework that incorporates cutting-edge nanoscale
science research.
NanoEducation Summit
CNSE recently held the region’s first-ever Nano Education Summit for school
superintendents, administrators, and teachers, with discussion focusing on
ways to implement nanotechnology awareness and learning at the middle
and high school level.
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Regional Collaboration
CNSE partners with a variety of regional organizations to promote nanotechnology awareness among teachers, students, and parents. Some recent
partnerships include:
• Capital District Future City Competition
• Tech Valley Summer Camp
• Girl/Boy Scouts
• Alliance of Technology and Women Great Minds Program
School Presentations and Tours
CNSE hosts a variety of school groups throughout the year—from administrators and faculty—to students and their parents. The faculty, staff, and
graduate students at CNSE take great pride in providing access to state-ofthe-art facilities and a world-class team in an effort to educate the youngest members of our community. CNSE’s educational outreach programming
inspires students to pursue careers in science and technology, creating the
innovative workforce that is critical to our future on a regional, statewide,
and national scale.
Nano Games19 Grades 6–12
NanoMission: Action Adventures in the Nano World
Try your hand at one of these exciting “nano games,” courtesy of PlayGen’s
NanoMission™—the world’s first scientifically accurate interactive 3D learning game based on understanding nanosciences and nanotechnology!
To play the games, register and download the modules.

Columbia University–MRSEC Center for
Nanostructured Materials, New York City (NYC)
NYC High School Visitation Program
Programs were developed to bring MRSEC faculty and students to NYC
schools to promote materials and technology with laboratory demonstrations in materials science, explained through exciting, hands-on demonstrations incorporating “everyday” objects.
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Goals: Fostering the interests of high school students in science and technology by showing them the marvels of materials science and engineering, describing the relevance of science to quality of life, and improving the
retention of a diverse student body to stay on track for careers in science
and technology.
Target audience: Developed for grades 8–12
Frequency offered: Approximately four schools are visited per semester,
with a total of eight schools visited per calendar year.
Ron McNair Curriculum Integration To Interactively
Engage Students (CITIES) Program
Started in 2003, the program expanded from solely working with teachers, to
creating engaging lab demonstrations, to helping teachers and students with
their school’s internal science fairs.
Research and Rolling Exhibits (RARE)
In 2005, the Columbia MRSEC and the New York Hall of Science received
a grant from the National Science Foundation to develop five “Discovery
Carts.”
Requirements: Designed as visually attractive portable units, intellectually
stimulating, with demonstrations of current research in materials science
and nanotechnology, and available for daily public use on the main floor of
the museum.
Research Experiences for Teachers (RET)20
The Research Experiences for Teachers (RET) program enabled four grade
9–12 teachers to do research in the MRSEC each summer since 1999. The
teachers help evaluate the MRSEC education and outreach programs to NYC
K–12 schools.
Frequency offered: 10 weeks every summer.
Goal: Provide New York City public high school science teachers with
hands-on experience in scientific research, expanding their knowledge base
and proficiency to teach students and fellow teachers. Each MRSEC RET participant spends two consecutive summers working as a laboratory research
assistant under the supervision of a Columbia MRSEC faculty mentor. They
participate in weekly Monday meetings with other teachers and science and
education professionals. Program is designed to encourage professional
development, scientific understanding, and communication, science teaching, peer coaching and technology development. At the end of the summer
symposium, the first-year teachers give a poster presentation and secondyear teachers present an oral presentation.
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University of Pennsylvania MSREC
Lectures for Science Teachers Series21
Advanced Materials: Synthesis, Characterization and Properties: Composed of
a monthly lecture, by a faculty member affiliated with the Laboratory for
Research on the Structure of Matter (LRSM). Each lecture is followed by a visit
to one of the Shared Experimental Facilities of the LRSM considered pertinent
to the lecture topic. Approximately 20 teachers from the Philadelphia School
District attend this noncredit course annually at Laboratory for Research on
the Structure of Matter.
All lectures are free, take place on a Thursday once a month at 5:30 p.m.,
and are followed by refreshments.
Penn Summer Science Initiative
The Penn Summer Science Initiative (PSSI) program for 2009 enrolled 29
high school students from the Delaware Valley. The class consisted of 80%
public and 20% private and parochial school students; 17% of the students
were minorities and 62% were females.
A series of 15 lectures covering the major classes of materials were given
by seven faculty members and two guest lecturers from DuPont. A series of
four experimental labs, each requiring three afternoon sessions, were supervised by graduate students, supported by the Penn MRSEC and five staff
members of the LRSM. Students were required to write lab reports for evaluation and finished the program with joint oral presentations to receive certificates of participation. The program included field trips to relevant facilities
and museums.
This program was restricted to commuters and was free to all students
with emphasis on attracting local public school students. Strengths and
weaknesses of the program were evaluated, and adjustments will be made
for the program in 2010.

Lehigh University–Outreach K–12
ImagiNations22
ImagiNations is an outreach program of the Center of Advanced Materials
and Nanotechnology (CAMN), Lehigh University. The program features
an interactive microscope with “Introduction to Nanotechnology” for students and teachers. The Internet site features a section that explains electron microscopy and the first nanotechnology textbook for grades 1–6,
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Nanotechnology for Grades 1–6+, Introducing Nan and Bucky Dog, by Andrea
J. Harmer. K–12 teachers can bring students on an exciting field trip to the
nanotechnology research labs, or run the XL30 electron microscope from
their classrooms.

Arizona State University’s Interactive
NanoVisualization for Science and Engineering
Education (IN-VSEE)23 Project Initiated in 1997
IN-VSEE is a consortium of university and industry scientists and engineers,
community college and high school science faculty, and museum educators
with a common vision of creating an interactive Internet site for education
based on remote operation of advanced microscopes and nano-fabrication
tools, coupled to powerful surface characterization methods.
IN-VSEE was funded by the National Science Foundation from 1997 to 2002.
This was followed by a period of time (2002–2007) where IN-VSEE resources
continued to be used by elementary, middle school, high school, and college
educators. During this period there was minimal support for the program,
but thanks to recent successful grants, IN-VSEE has a renewed emphasis.
New efforts are being put toward modernizing the Web site with new, more
modern material, updating Java and Internet browser compatibilities, and
increasing reliability.
Preparing students for the workforce in the imminent nanotechnology revolution is a goal of the online interactive virtual lab. The IN-VSEE
initiative has been a trailblazer in the integration of research, education,
and outreach utilizing a virtual laboratory on the Internet. The highlight
of the experience is the SPM—LIVE! Designed as the heart of the virtual
lab, it gives educators and researchers the opportunity to perform scanning probe microscopy (SPM) experiments, with image broadcasting and
control of the instrument on a real-time basis. This allows access to stateof-the-art instrumentation that may not be available at their institution
during a lecture or laboratory session. Groups that are authorized to control the experiments can use samples available at IN-VSEE or submit their
own after review.
Modules for Teachers24
The Modules are developed for teachers/students to understand microscopy
before they use the SPM-LIVE! Section. In the Module section, brief summaries are provided for teachers:
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Making Sense of Scale and Size—Key
Concepts and Learning Objectives
It is essential that a student of science and/or engineering understands
the intimate relationship between scale and size, micro/nanoscopic
structure and the properties of materials and their function at the macroscopic level. Take a look at the microscopic world through optical,
scanning electron and scanning probe microscopes in this module, and
learn some astonishing facts about how scale and size affect properties
and hence functions of substances in our material world.

A central theme that ties the modules together is that the structure, properties, processing, and performance parameters of a material are intimately
linked at all levels of scale.
The interactive IN-VSEE modules provide:
• Reinforcement of key concepts and fundamental principles that are
taught in science, math, and engineering curricula.
• Prospective user lessons on the methodologies of experimental
design and remote SPM instrumentation on the Internet.
• The modules will challenge and encourage potential users to formulate original experiments.
The educational modules were written in collaboration with teachers from
precollegiate and collegiate institutions. They center around a common
theme of understanding and manipulation of our natural and man-made
material worlds. The module topics selected rely heavily on interactive,
discovery-based learning activities to introduce or reinforce the user. They
learn the key fundamental and applied material concepts within a material
class or discipline, plus various material classes and disciplines over a wide
range in length scales.
Image Gallery
This gallery is a unique bank of images developed under the aegis of the
IN-VSEE project. These images illustrate the interdisciplinary nature of
modern science and engineering and the value of integrating research
into education. They represent a cross-section of disciplines and across
ranges of size and scale. They are in the forms of photographs, schematics, animations, and micrographs taken from scanning electron microscopy (SEM), scanning probe microscopy (SPM), optical microscopy, and
surface analytical techniques. Contact the university for ongoing teacher
workshop schedules.
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Down to Earth GK–1225
Down to Earth Science is a collaborative project under the direction of B. L.
Ramakrishna, Ph.D., that brings together Arizona State University scientists, engineers, and graduate students to enrich learning experiences for
the K–12 community. The main goals of this project are to improve communication and teaching-related skills for graduate fellows, strengthen
partnerships between ASU and the K–12 community, and provide new
opportunities for K–12 students and teachers to work with practicing scientists and engineers.
18 lessons posted under Physical Sciences26 —size and scale
43 lessons posted under Life Sciences27
Lessons plans28 for Anthropology, Earth and Space Sciences, Science
and Society, General Science

Georgia Institute of Technology–
Nanotechnology Research Center
Expertise: Biology, Life Sciences, Integrated Systems, Electronics
The Georgia Tech-NNIN (GIT-NNIN) site emphasizes the application of
nanofabrication to bioengineering and biomedicine. Much of the GIT-NNIN
activity is carried out in the Nanotechnology Research Center (NRC), housed
in the Marcus Nanotechnology Building. The major fabrication facilities
include thin film deposition, plasma processing, optical and electron beam
lithography (100 keV/4-nm spot size JEOL JBX 9300FS), thermal processing,
electroplating, wafer lapping, polishing, dicing, bonding and sawing, wire
bonding, flip chip bonding, III-V MBE growth, a 2-metal/2-poly CMOS line,
and a MEMS line (ion implantation outsourced).
Characterization tools include optical and electron microscopy, X-ray
tomography, mass-spectroscopy, AFM, SCM, STM, stylus and optical profileometry, low/high force scanning nanoindentation tribology, surface analysis
tools, and high-speed electronic and optical testing. Design and simulation
tools are available on PC and workstation clusters under campus-wide site
licenses. Other GIT-NNIN resources include the GIT Electron Microscopy
Center and the Laser Dynamics Lab (LDL). These facilities are open to a
NNIN user community from a wide range of disciplines including electrical, computer, mechanical, chemical, materials, and biomedical engineering,
as well as physics, chemistry, and biology.
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The Microelectronics Research Center (MiRC) at Georgia Tech provides
expertise, facilities, infrastructure, and teaming environments to enable and
facilitate interdisciplinary research in microelectronics, integrated optoelectronics, and microsensors and actuators.
MiRC is the location for the Education and Outreach Office of the National
Nanotechnology Infrastructure Network (NNIN). NNIN provides a wide
variety of educational outreach in nanotechnology that reaches school-aged
children through adult professionals. The Georgia Tech NNIN Education
and Outreach Office has as its mission to provide educational programs for
young people, teachers, undergraduates, graduate students, adult professionals, and the general public. The goals are to ensure a nano-literate public
in Georgia and to encourage students to pursue education and careers in science, technology, engineering, or mathematics, and particularly in nanotechnology. The outreach efforts would not be possible without the numerous
dedicated volunteers from Georgia Tech and Emory University who assist
with the programs.
Instructional Units29
20 unit lessons are posted for K–12.
Sample: Size and Scale Unit
An instructional unit designed to help students better visualize the
scale of nanoscience. Students learn how small a nanometer is compared to everyday objects.
Unit includes: Teacher Guide, Size and Scale Pictures, Size Units for a
Number Line
Nano Camps30
Each summer MiRC hosts a week-long summer camp for high school students interested in nanotechnology (nonresidential). The course is designed
for rising 10th, 11th, and 12th grade students who have completed high school
physical science or chemistry. The camp is held in either late June or early
July each summer and is titled “Advanced Topics Course: Nanotechnology
Explorations.” The program is a combination of hands-on activities, laboratory tours, and lectures. Participants tour research laboratories, interact
with world-renowned scientists, and complete hands-on activities designed
to introduce them to nanotechnology research and development issues. In
the process, students explore chemistry at the nanoscale and examine how
scientific tools, including the atomic force microscopes, are used in nanotechnology research.

140

Nanoscience Education, Workforce Training, and K–12 Resources

The MiRC recently expanded its summer Nanotechnology Explorations program to satellite locations across the Heart of Georgia RESA Area. These
week-long camps are run by Georgia teachers, funded by the Improving
Teacher Quality Grant and expand the outreach to more students than
ever before.
MiRC also supports the Women in Engineering Program’s “Technology,
Engineering, and Computing Camp.” This camp offers middle school girls
an early introduction to the world of technology, engineering, and computing. MiRC provides hands-on experiences about nanotechnology to camp
participants.
Nanooze Exhibit 31
Throughout Fall 2010, the Marcus Nanotechnology Building is home to the
Nanooze Exhibit. This interactive exhibition is designed to introduce nanotechnology concepts and help educate visitors interested in learning more
about nanotechnology. Six interactive exhibits are on display.
Research Experience for Teachers–Nanotechnology Research Center32
This is an eight week program: six weeks at MiRC, one week in-school support, one week at NSTA.
What is all the buzz about nanotechnology? Nanotechnology is believed to
be the next great technological revolution which will affect many aspects of
our lives from electronics to medicine and from materials to privacy. Come
experience this exciting area of research.
The NNIN RET Program is funded by the National Science Foundation
under the Research Experiences for Teachers Program. The NNIN program
is at five NNIN sites: Georgia Institute of Technology, Harvard University,
Howard University, Pennsylvania State University, and the University of
California, Santa Barbara.
REU Program33
The NRC participates each summer in the NNIN Research Experience for
Undergraduates (REU) Program by providing high-quality research experiences for undergraduates from across the nation. REU participants spend
10 weeks working on mentored research projects which utilize our state-ofthe-art nanotechnology facility and equipment. Participants are matched
with faculty and become active members of a research group. Typically,
participants work with one or two graduate students who are part of the
research group.
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An objective of the NNIN REU program is to provide students access to
advanced equipment and training and the opportunity to participate in a
state-of-the-art hands-on research project in nanotechnology. The program
seeks to promote student excitement toward graduate-level research and
encourage students to pursue advanced education and careers in nanoscale science and engineering. Participants are provided support to enhance
their communication and presentation skills for the annual NNIN REU
Convocation. All participants gather for a national research convocation on
nanotechnology. This NNIN REU Convocation occurs at one of the NNIN
sites in early August. Each student presents the results of his/her summer
work both in oral and poster format. In addition, each participant submits a
technical report which become the NNIN REU Research Accomplishments
for that year.
NANOFANS FORUM34 —Focusing on Advanced Nanobio Systems
At Microelectronics Research Center, GaTech, a new Forum called
NANOFANS (Focusing on Advanced Nanobio Systems) is being instituted.
This will be a biannual forum.
The goal for the forum is to connect the medical/life sciences/biology and
nanotechnology communities by reaching out to researchers in the biomedical/life sciences areas, to let them know what nanotechnology can offer them
in the advancement of their research.
Nano@Tech35 —Sharing Our Knowledge, Shaping the Future
Nano@Tech is an organization comprised of professors, graduate students,
and undergraduate students from the Georgia Tech and Emory campuses
and professionals from the corresponding scientific community that are
interested in nanotechnology. Meetings are held on the second and fourth
Tuesday of each month during the academic year at noon in the Marcus
Nanotechnology Building conference rooms (rooms 1116–1118).
Nano@Tech members also support the National Nanotechnology
Infrastructure Network’s Education and Outreach Office at Georgia Tech’s
Microelectronics Research Center.
The K–16 programs are a success due to the growing commitment of a
dedicated group of cross-disciplined Georgia Tech engineers and researchers who are members of Nano@Tech. This networking group meets for seminars and generously volunteers their knowledge, research, labs, and clean
rooms to help motivate young people about possible education and career
opportunities and excite them about nanoscale science and engineering.
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Purdue University–Nano-HUB
The nanoHUB is a Web-based initiative spearheaded by the NSF-funded
Network for Computational Nanotechnology (NCN). The NCN has a vision
to pioneer the development of nanotechnology from science to manufacturing through innovative theory, exploratory simulation, and novel
cyber-infrastructure. The Network for Computational Nanotechnology is a
network of universities that work together to define, develop, and support
the nanoHUB. Collaborators and partners across the world have joined the
NCN in this effort.
The site is free, with access to online simulation tools enabling individuals to develop learning modules or create lessons. A search of the site with
K–1236 key words found 40 lessons. They are not categorized by grade-appropriate level. Teachers would find the site structure very time consuming
with a need to review each lesson for subject, content, and separate teacher
materials which were not available. Pedagogy information and inclusion of
National and State Standards of posted lessons would also need to be clearly
defined for teachers to use the site.

Harvard University–Nanoscale Science
and Engineering Center (NSEC)
A collaboration between Harvard University, the Massachusetts Institute of
Technology, the University of California, Santa Barbara, and the Museum
of Science–Boston, with participation by Delft University of Technology
(Netherlands), the University of Basel (Switzerland), the University of
Tokyo (Japan), and the Brookhaven, Oak Ridge, and Sandia National
Laboratories.
The NSEC combines “top-down” and “bottom-up” approaches to construct novel electronic and magnetic devices with nanoscale sizes and
understand their behavior including quantum phenomena. Through a close
integration of research, education, and public outreach, the Center encourages and promotes the training of a diverse group of people to be leaders
in this new interdisciplinary field. NSEC at Harvard is supported by the
National Science Foundation.
Project TEACH
NSEC faculty share their enthusiasm for science through Project TEACH
(The Educational Activities of Cambridge and Harvard). This early college
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awareness program is a joint effort of the MRSEC, the NSEC based at
Harvard, and the Harvard Office of Community Affairs. Coordinated with
the Cambridge Public Schools, Project TEACH brings each 7th grade class
(approximately 500 students) from the Cambridge Public School District to
Harvard University throughout the school year. During the visit, students
receive information about college admissions and learn about college life
from Harvard undergraduates. The class visit culminates in an interactive
science presentation by an NSEC faculty member on his or her research and
its societal benefits. The relationship with the Cambridge Public Schools
extends this program outreach at the high school level through collaboration
with the K–12 program.
RET Program
The NSEC, in collaboration with an REU/RET Site in Materials Research and
Engineering, hosts teachers to work side-by-side with faculty, postdoctoral
researchers, graduate students, and REU participants on research or science
curriculum projects. Teachers commit to 6 to 8 weeks during the summer
and are invited for a second summer to refine educational modules that are
developed as a result of their research experience.
RET participants also attend weekly seminars on research topics and on
research ethics. The integrated nature of RET and REU activities, particularly the faculty seminars during the summer, provide ample opportunity
for teachers to explore development of small classroom modules based on
seminar content. Howard Stone’s seminar on “Unintended Consequences of
Research” was particularly amenable to conversion to the high school classroom, because it presented the progression of science as a nonlinear process
that includes many reversals and rewritings, in contrast to the often cut-anddried presentation in many textbooks. As a result, several teachers adapted
this material for their classrooms.
GK–12 Program
The K–12 Program sponsored by the National Science Foundation (NSF)
puts Harvard graduate students to work in the Cambridge Public School
System. The Division of Engineering and Applied Science (DEAS) has been
awarded fellowships from the NSF for Ph.D. students who are committed to
working with science teachers and students in the Cambridge Public School
System.
The fellows are paired with teachers in Cambridge Rindge and Latin (the
local public high school) and with their partner teachers. They work on curricular activity development, laboratory development, and teacher and student support and enrichment. The fellows work with high school students
of all ages and grade levels in physics, chemistry, biology, and computer
science.
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Curriculum Resources37
Cambridge Rindge and Latin uses the Teaching for Understanding framework
for curriculum development. Thus K–12 fellows work to create curriculum
modules in their subject areas that work within the framework. 30 lessons
were posted for teachers in a variety of subjects.

Massachusetts Institute of Technology–
MIT Open Courseware Projects
Highlights for High School Courses38
Highlights for High School organizes thousands of MIT introductory course
materials into a format that is more accessible for high school students and
teachers. The site also features more than 2,600 video and audio clips, animations, lecture notes, and assignments from actual MIT courses and aligns
them to the Advanced Placement (AP) topics in biology, calculus, and physics. Courses also include test questions and lecture notes to help students
prepare for all assessments.
Teachers Introduction Video39
An introductory video that explains how the courses are designed for easy
navigation and usage. There is no registration; anyone can use the site including parents that home school.
High School Courses Developed by MIT40
The courses listed on the site are from MIT’s Educational Studies Program
(ESP), an MIT student group offering high school courses for over 50 years
and the Chandra Astrophysics Institute.
Other MIT Resources for High School—BLOSSOMS 41
Blended Learning Open Source Science or Math Studies (BLOSSOMS) is a
free repository of video modules for high school math and science classes.
The ultimate goal is to gather a large body of content generated by gifted
volunteer teachers from around the world.
Resources currently available on the site were provided by MIT faculty
and Ph.D. students and include resources in mathematics, physics, and biology. The Web site is growing, and over the coming months there will be
BLOSSOMS video modules created by educators in Jordan and Pakistan—all
available in English.
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MIT Professor Teaches Physics … His Way42
MIT professor and Web star Walter Lewin swings from pendulums and faces
down wrecking balls to show students the zany beauty of science.
MIT Video Lecture Series Physics 43
Professor Walter Lewin demonstrates that the period of a pendulum is independent of the mass hanging from the pendulum. This demonstration can be
viewed on the video of Lecture 10. There are 35 video lectures available.
K–12 Outreach Programs 44
MIT has a wide variety of K–12 outreach programs available to the public.
Costs for the programs vary by sponsor. Links and contact information are
available at each site.

Cornell University–Nanoscale Science
and Technology Facility (CNF)
The CNF Offers Education Opportunities for
Middle and High School Students 45
CNF offers an introduction to nanofabrication and the possibilities of the
nano-world, and, depending on the age group—a clean room tour. With
enough lead-time and a little assistance from teachers, we can take students
(13 and older) into the clean room, show them around, and let them watch
as we etch their school mascot or logo into a wafer for them to take home.
Because of the nature of our facility and work, we do not offer programs for
youths under 9 years old, nor do we take youths under 13 years old into the
clean room.
CNF Junior FIRST LEGO® League46
The Junior FIRST LEGO® League (Jr. FLL) is geared toward kids ages 6 to
9 and is a spin-off of the FIRST LEGO League (FLL). Each year, the FIRST
organization (For Inspiration and Recognition of Science and Technology)
releases a science-themed challenge for the teams to work on. In this league
for the younger kids, the kids form teams that work on a LEGO building challenge based on this science theme. Teams are formed by teachers, coaches,
parents, or other mentors who want to encourage kids in science and technology, with the fun of building with LEGOs. Teams consist of up to six kids,
who meet with their mentor to research the topic for that season and build a
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model based on the specific building challenge given. The kids can be classmates, friends, siblings, neighbors, 4-H clubs, etc. Any group can form a team
to participate. The season culminates with the high-energy music-thumping
Expo, where the teams gather to present their results to the public and to
friendly reviewers, and everyone receives a prize for their work.
CNF FIRST LEGO® League47
The FIRST LEGO® League (FLL) is a team-based competition for kids ages 9
to 14 utilizing the LEGO® MINDSTORMS® robotics kits. Each year, the FIRST
organization (For Inspiration and Recognition of Science and Technology)
releases a science-themed challenge for the teams to work on. The challenges
consist of a table-top LEGO® course for the MINDSTORMS® robots to work
through, and a research project for the team to investigate, develop ideas,
and then present in a creative presentation.

California State Summer School for
Mathematics and Science (COSMOS) 48
Designed specifically for talented and motivated high school students, the
California State Summer School for Mathematics and Science (COSMOS) is a
four-week summer residential program for high school scholars with demonstrated interest and achievement in math and science.
The program is also open to exceptionally advanced and emotionally
mature 8th graders capable of participating in a one-month program away
from home. This intensive experience is intended to encourage the brightest
and most promising young minds to continue their interest in these fields.
Located on four University of California campuses (Davis, Irvine, Santa Cruz,
and San Diego), COSMOS provides students with an unparalleled opportunity to work side-by-side with outstanding researchers and university faculty, covering topics that extend beyond the typical high school curriculum.

University of California, Santa Barbara–
Materials Research Laboratory
The Education Programs at the Materials Research Laboratory (MRL) provide professional development opportunities for K–12 teachers, research
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experiences for undergraduates and community college students, and educational experiences for K–12 students.
UCSB ScienceLine 49
MRL’s “Ask-a-Scientist” project enables K–12 students to directly ask expert
UCSB researchers their science questions. Topics include astronomy, marine
biology, physics, computers, materials science, and earth science, among
many others.
MRL Multimedia Highlights50
New MRL educational videos explain the excitement and central role of
materials science and other science topics. MRL’s “Meet a Scientist” program is an extension of ScienceLine, in which elementary school students
interview UCSB scientists, and other videos presenting fun topics in materials science.
Sir Harry Kroto Video—Students can watch Nobel Laureate Harry Kroto
presenting the structure of the C-60 molecule (“buckyball”) to 5th graders.
“Build a Buckyball” Workshop51
Students, ranging from elementary to early high school, are given a brief
introduction focused on materials science and the scale of the nanometer,
different forms of carbon and the relationship between molecular structure
and material properties. Afterward, each student builds his own six-inch
carbon-60 molecule.
It’s a Material World!52
This program is available for elementary school science nights. Children are
naturally curious about science. These hands-on activities inspire inquiry
into materials science-related topics and emphasize the fascinating nature
of science.
Opportunities for Teachers53
Research Experience for Teachers (RET)54
Secondary school teachers participate in laboratory research, under the mentorship of graduate, post-doctoral, and faculty researchers. During their second summer in the program, teachers work collaboratively to translate their
research experiences into curriculum resources. All of the curriculum projects are archived on the Internet in a database.
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Models and Materials55
This teacher professional development program brings together teams of
art and science teachers from local junior high and high schools to work
together on developing curriculum projects that are in line with the state
standards for art and science. Models and Materials is a three-year teacher
professional development program that brings together teams of local
teachers from junior high and high schools. The teachers develop integrated curriculum modules that bring visual art concepts to the science
classroom and science concepts to the art classroom. The program introduces materials science, but provides a new way to communicate scientific
concepts to students.
Teachers’ Projects and Lesson Plans56
Modules and lesson plans developed by the teachers are archived on the
site.
Annual Curriculum Workshops for Science Teachers57
The MRL hosts workshops and symposia on a variety of topics related to science education, outreach, and teacher professional development. The investigative teaching resources developed by teachers who participated in the RET
program are presented to secondary science teachers throughout the Santa
Barbara County area. All of the curriculum projects are also archived on the
Internet in a database.
The 2010 focus is on Enhancing Core Science Curriculum and Presenting
Resources for Teaching Climate. The workshop targets upper elementary
teachers and secondary science teachers.
In the first part of the workshop, RET teachers present their curriculum
models which focus on “Transforming an Earth Science Curriculum” that
can be integrated into any middle or high school earth science course; activities focus on the History of Life for middle school biology classes and a
unit, “Atoms to Asteroids,” that excites students about chemistry and general science.
The second part of the workshop focuses on the important topic of
climate change and presents the latest research; it offers information
and many hands-on activities and resources for connecting with climate change and addresses ecology impacts of climate change, ocean
acidification, and UCSB materials science research on alternative energy
solutions.
This center also has technology outreach with industrial partners for
workforce training, along with an International Materials Center for global
outreach.
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Rice University–Houston, TX—K–12 Outreach Programs
The NanoKids™ Educational Outreach Program58
Developed by Dr. James M. Tour, Chaos Professor of Chemistry and Director
of the Carbon Nanotechnology Laboratory at Rice University. The program
is dedicated to increasing public knowledge of the nanoscale world and
the emerging molecular research and technology that is rapidly expanding internationally. The animated videos are based on actual anthropomorphic molecules synthesized in the laboratory. Dr. Tour’s development of the
NanoKids™ visual concept utilizes universally recognized forms exhibiting
human characteristics to instruct, motivate, and entertain.
Tested in the Houston Independent School District, they significantly
increase students’ comprehension of chemistry, physics, biology, and materials science at the molecular level. They provide teachers with conceptual
tools to teach nanoscale science and emerging molecular technology. The
program demonstrates that art and science can combine to facilitate learning
for students with diverse learning styles and interests. In 2006, they added a
Hispanic Community Network59 to the program, expanding the outreach to
a larger student population. The network has access to videos, workbooks,
sample tests, and teacher resources.
Teacher Resources60
Introduction to Program, Card Game of Periodic Table, Answer Key,
Links to YouTube Videos
Video Resource61
Introduction to NanoKids Series, Structure of Matter, NanoKids
Video Music, NanoKids Chapters 1–4.
NanoKids Workbook62
Interactive workbook in English and Spanish
Sample Texts63
Sample tests for teachers with answer key

Rice University—Center for Biological and
Environmental Nanotechnology (CBEN)
Education Outreach Programs64
The CBEN established goal of educational outreach and human resource programs is to cultivate a future workforce experienced in using science and engineering at the nanoscale to solve problems in biological and environmental
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engineering. CBEN’s educational outreach activities are coordinated by Dr.
John Hutchinson (jshutch@rice.edu), Director for Education, and Dr. Carolyn
Nichol (cnichol@rice.edu), Associate Director for Education. CBEN faculty
members and students contribute substantially to these programs.
Teacher Professional Development
Nanotechnology for Teachers Chem 57065
The Center for Biological and Environmental Nanotechnology (CBEN) at Rice
University offers a spring course on Nanotechnology for chemistry, physics,
and IPC teachers. The program is designed for high school science teachers, and middle school teachers are welcome. Content in Nanotechnology for
Teachers aligns with many of the Texas Essential Knowledge and Skills for
Science (TEKS).
Course features:
• IPC: Motion, waves, energy transformations, properties of matter,
changes in matter
• Biology: Structures and functions of cells and viruses; cells, tissues,
and organs; nucleic acids and genetics
• Environmental Systems: Interrelationships among resources and
environmental systems
• Chemistry: Characteristics of matter; energy transformations during physical and chemical changes; atomic structure; periodic table
of elements
• Physics: Conservation of energy and momentum; force; thermodynamics; characteristics and behavior of waves; and quantum physics
Nanotechnology Internship for Teachers66
CBEN offers a 4-week internship in research laboratories, which is focused on
techniques for translating the center’s research methods and results into a classroom setting. Piloted in the summer of 2002, the program reinforces a teacher’s
sense of science as a process, and deepens the understanding of achievements
and potential of nanoscience and the ability to apply lessons learned from
the content class to a research setting. The program requires development of
inquiry-based lesson plans that apply CBEN research, use of digital media to
bring laboratory experience to students, reading technical articles related to
research topics, and networking with fellow science teachers.
Resource for Teachers67
Webcasts of Chem 570, Nano Lecture materials, videos of lab demos, and lesson plans developed by the teachers for middle and high school.
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K–12 Student Enrichment Programs68
CBEN has three summer enrichment programs to encourage high school
students with varied social and economic backgrounds to study science and
move toward science and engineering majors and careers in nanotechnology. The Nanoscience Discovery Academy is open to 11th and 12th grade high
school students from any school or school district. The JPMorgan Chase
Career and Knowledge Institute and the Schlumberger Nanochemistry
Academy are partnerships between CBEN and Project GRAD (Graduation
Really Achieves Dreams) and recruit 9th grade students from Yates, Wheatley,
Sam Houston, Davis, and Reagan High Schools.
Undergraduate Programs69
CBEN’s undergraduate educational development programs are designed
to engage a diverse population of students in nanotechnology and to effectively prepare them for rewarding careers in the field of nanotechnology.
The program offers Nanotechnology Research Experience for Community
College Students, sponsors undergraduate outreach opportunities with
inner city high school students, and develops new courses in nanotechnology, while augmenting existing courses. Nanotechnology Research
Experience for Community College Students conducts research in a Rice
University lab under the guidance of leading faculty and graduate students.
Undergraduate Curriculum CBEN faculty offer courses for students interested in nanosciences.
Graduate Programs70
Graduate Student Interviews—Meet some of Rice’s current graduate students and learn about their research in the nanosciences. Student Leadership
Council CBEN graduate students have self-assembled into a new Student
Leadership Council with committees on research, communications, education, and careers. Graduate Curriculum CBEN faculty offer a variety of
courses in the nanosciences.

University of Virginia, Charles L. Brown Department of
Electrical and Computer Engineering UVA Virtual Lab K–1271
Developed from an NSF grant in 2005, under the direction of John C. Bean, J.
M. Money Professor, the “UVA Virtual Lab” features the Nanosurf® EasyScan
desktop scanner from NanoScience Instruments. The science education Web

152

Nanoscience Education, Workforce Training, and K–12 Resources

site has detailed instructions for teachers and students on the use of microscopy that eliminates the need for separate in-person teacher training. The
clarity of the design and tutorials brings microelectronics, nanotechnology,
and the underlying science to college, precollege students, and the general
public. It replaces math and difficult concepts with intuitive 3D animations.
Microelectronics presentations explain how semiconductors and transistors work and how they are fabricated in both university labs and factories. Nanoscience presentations describe alternate forms of nanocarbon, the
process of DNA self-assembly, and the inner workings of instruments used
to see at the nanoscale (such as SEMs, AFMs, and STMs). These pages link
back to basic science presentations on electricity, magnetism, and electrical
circuits, including “X-ray vision” simulations of common classroom experiments and apparatus. Overall, the Web site contains over fifty presentations
on micro- and nanoscience, each illustrated with dozens of virtual reality
animations.
Hands-On Introduction to Nanoscience72 Class Web Site
Under NSF sponsorship, this class was developed to introduce early undergraduates to nanoscience and nanotechnology. The theme: In nanoscience,
Newton’s sensible laws are replaced by the weirdness of quantum mechanics.
The consequences: First, electrons begin to act like waves—but because all
waves are similar—experiments with light and water waves offer insights
into electron behavior. Second, at the nanoscale one can no longer use lightimage-based microfabrication to make things directly. Instead one has to
design the parts so he or she knows how he or she wants them to finally
come together (the ultimate example of this self-assembly—DNA synthesis
of protein). And finally, to confirm that things worked the way they were
planned, the need for new instrumentation to see things at the nanoscale
(such as scanning tunneling and atomic force microscopes). The class Web
site provides a full set of PowerPoint lecture notes covering these topics
(including figures, animations, readings, and lists of demonstration equipment). It also includes full guides to student laboratory use of miniaturized
STMs and AFMs. Both lectures and labs make use of 3D animations provided by the sister “UVA Virtual Lab” Web site focusing on microelectronics,
nanotechnology, and their underlying science.
Nanoscience Lessons by Teachers for Elementary and Middle Schools
It is fairly easy to repackage the class material for high school students. But
can nanoscience also be brought into primary and middle school grades?
The developers explored that challenge in compressed (one week long) summer versions of the nanoscience class taught for Virginia K–12 science teachers. During that week the teachers attended all of the normal class lectures,
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discussions, and labs. But their homework (completed during the fall) was
to then come up with a nanoscience lesson plan for their own students.

Colorado State University–NSF Extreme Ultraviolet
(EUV) Engineering Research Center (ERC)
K–12 Outreach73
The EUV Center has initiated its outreach to K–12 with programs for students
and teachers in Colorado and California. The goal was to make a sustained
multiyear effort that had a lasting impact on the intended audience. They
offered a variety of opportunities for students and teachers, led by faculty
and graduate students and outreach coordinators at the education partnership institutions.
Research Experience for Teachers (RET)
A six-week, hands on, paid research experience for middle school teachers at
one of the three NSF ERC EUV sites. During this period, teachers performed
research, participated in education workshops on optics, developed new curriculum based on their experience, became the audience for lectures given
by professors from the sites, and presented their results at a symposium for
all three sites.
Light and Optics Workshops for Teachers
These half-day workshops are held at a local site and involve highly interactive experiments, demonstrations, and inquiry-based discussions on the
topics of light and optics. There is a version for middle school teachers and
another for high school teachers. The demonstration-question-experiment
process advocated in the workshops is designed to elicit student discovery
by encouraging a constructivist approach to learning.
The intended goal is to provide teachers with a complete sequence of
questions and discussion points, which, in combination with experiments, can successfully steer students to discover for themselves the
nature of physical phenomena in light/optics. The actual lab materials
that accompany such an effort are often minimal and quite simple. Yet, in
the context of a well-designed thought process, they are also very powerful. Thus the emphasis is on the architecture of the discussion rather than
the equipment. Each teacher is provided with a box of materials at the end
of the workshop.
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Light and Optics Lab for Students
On an annual basis, the EUV Center hosts a group of 24 high school students
from Poudre High School in Fort Collins, CO. Students attend four separate
sessions (held over two weeks) in a teaching lab at the Engineering Research
Center on the CSU campus. In groups of two or three, students conduct a
series of experiments on optical tables using lab equipment. Students work
through each lab guided by a lab manual consisting of a series of questions
designed to teach students about reflection, refraction, diffraction, lenses,
lasers, fiber optics, polarization, etc. These workshops have been very successful and highly popular with the students.
CU Wizards74
Dr. Margaret Murnane created a presentation for the CU Wizards outreach
program focused on UV light. The presentation involves a PowerPoint slide
show and many hands-on activities that allow people of all ages to appreciate the unique characteristics of UV light.
Now in its 33rd year, CU Wizards is happy to share a new season as they
explore the exciting worlds of physics, chemistry, biology, and astronomy.
FREE to the public, monthly shows entertain and inform children about
the wonders of science. Shows are presented on Saturday mornings once a
month and provide a perfect start to a fun-filled weekend.
Let’s Make Light
Dr. Carmen Menoni developed a workshop for female elementary school
students in Fort Collins, CO. The workshop addresses the properties of
light and how it is generated in incandescent and florescent bulbs, LEDs,
and light sticks. Elementary school girls participate in the workshop by
performing several experiments with these different sources of light. The
workshop is part of an annual month-long series aimed at motivating
women to enter science.
The Nature of Light
The CU Science Discovery Program75 is currently offering monthly teacher
workshops (called Science Explorers) on light that were developed as part
of our collaboration with this program. The Education Director, Kristi Dahl,
worked with the previous ERC EUV director, Michael Celaya, to develop
these hands-on, inquiry-based workshops that have been attended by over
50 teachers and 250 students this year. The CU Science Discovery Program
also offers classes and workshops for both teachers and students during the
school year and summer on a variety of topics.
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University of Colorado at Boulder–Renewable
and Sustainable Energy Institute
Science Discovery Program and Science Explorers
In 1988 Science Discovery initiated the Science From CU program of classroom presentations to students statewide. Science Discovery serves over
30,000 students and 1,500 teachers statewide.
Curriculum K–1276
Physics for Fun—Grades 4–877
You can provide students with a state-of-the-art physics lab without leaving
the classroom. This Emmy Award-winning program is designed for grades
four to eight, but can be adapted for older and younger students. Physics for
Fun units can be used in science kits, to complement another science curriculum, or as self-contained teaching units.
Little Shop of Physics78
The Little Shop of Physics is a group of science educators and science students. They travel the region with a van full of hands-on experiments that
have been shared with over 250,000 students. They do not show students
science, they help them do science. The goal is to teach people that science is something anyone can do. They also work with teachers through
the teacher workshops79 and the community through the Everyday Science
TV show.80

NASA Nanotechnology Education Outreach81
The NASA Nanotechnology Outreach at NASA Ames features an image gallery, archived presentations, reports, a webcast, and a series of movie clips
that can be used in the classroom.
NASA Quest Nanotechnology for Kids from NASA Ames 82
NASA Quest lists all resources by grade level and connects K–12 classrooms
with NASA people, research, and science via mission-based challenges and
explorations. Join Quest for live interactive webcasts, chats, forums, and
online publishing of student work.
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The Biologically Inspired Materials Institute (BIMat)
BIMat was established by NASA under the University Research,
Engineering and Technology Institute (URETI) program in August 2002.
The principal goal for BIMat researchers is to develop bio-nanotechnology
materials and structures for aerospace vehicles. The team combines the
talents from five of the nation’s leading research universities and institutions to advance biomolecular and biomimetic materials design, synthesis,
and processing.
NASA’s vision: Future-generation space systems will be complex, intelligent, and thinking systems that can adapt, form, evolve, and generally deal
with changes and unanticipated problems. High levels of capability will be
achieved through highly integrated sensors, articulators, and distributed
computer power. Reliability will derive from adaptability and self-repair,
just as in biological systems. To be cost-effective, these systems must be
designed to minimize weight; weight is often the overriding cost issue in
space missions.
Outreach Resources 83
NASA Educational Television: The NASA SCI Files
The Case of the Great Space Exploration Video
The Tree House Detectives dial up Ms. Dana Novak at the University
of California at Santa Barbara to learn how mussels and bloodworms
are helping scientists invent new self-healing materials for spacecraft.
Seminars, Lectures and Short Courses, Academic Courses, and BiMat
Summer Internships are available.
NASA Ames Research Center84
Fly by Math and Line Up with Math
Web site invites students in Grades 5–9 to use hands-on math to avoid air
traffic conflicts. Interactive student/teacher resources.
NASA Education Resources—Math
NASA JSC–Johnson Space Center—Learning Technologies—Grades 6–1285
MathTrax is a graphing tool for middle school and high school students
to graph equations, physics simulations, or plot data files. The graphs have
descriptions and sound so you can hear and read about the graph. Blind and
low-vision users can access visual math data and graph or experiment with
equations and datasets.
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NASA JSC–Johnson Space Center—Learning Technologies 86
Where Innovation meets the classroom—programs and resources for
grades 6–12.
Calculus Animations, Graphics, and Lecture Notes87
PreCalculus through elementary differential equations lessons are provided.
The discussion of numerical integration techniques and numerical methods
used in elementary differential equations are on the Computer Lab page. All
animations and graphics were developed using MathCAD. The lectures were
also developed in MathCAD and saved as rich text format files or PDF files.
The site contains over 450 downloads, of which over 275 are animations. There
are 37 pages covering a range of topics from trigonometry and precalculus
through the entire calculus sequence and elementary differential equations.
The Web site was developed by Kelly Laikos, teacher of calculus for 20
years. A small annual donation gives students access for a year for less than
the cost of a half-hour session with a tutor.
Interactive Mathematics Links 88
This site provides links for high school math that are interactive and are usually written in Java. Java is a programming language that allows the user to
input data, control diagrams by dragging and rotating, and even play games.
Most browsers accept Java, so you do not need to worry. However, some of
the sites require Shockwave, which is a plug-in. You will need to follow the
directions for installing Shockwave if it is indicated.

University of Illinois–Center for Nanoscale ChemicalElectrical-Mechanical Manufacturing (Nano-CEMMS)
One of the primary missions of the Nano-CEMMS Center is to develop a
diverse workforce of educators, scientists, engineers, and practitioners to
advance nanomanufacturing technology in the United States and around
the world. All graduate students, postdoctoral associates and fellows,
researchers, and professors affiliated with the Center assist in this educational mission.
High School Student Outreach 89
Nano-CEMMS educators provide in-school programs that inform students about a variety of nanotechnology-related topics and future career
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opportunities in nanotechnology. Programs can be customized for various
classroom types, ages of the students, and time frames available.
Nano-CEMMS also conducts NanoChallenge, an after-school program for
high school students in the East Central Illinois area. The Center also participates in the Principal’s Scholars program by presenting nanotechnology
modules within the engineering strand of the program.
Programs for K–12 Teachers 90
The Center has two primary ways by which K–12 teachers can interact:
First, the Center, in collaboration with Champaign Community Unit
School District #4 and Education for Employment System #330, runs the
Eastern Central Illinois Nanotechnology Teacher Enhancement Program
(ECINTEP). This program offers a two-week summer institute; teachers learn how scientists and engineers work to manipulate matter at the
molecular level. Scientists at the University of Illinois and in industry
demonstrate current research and the practical applications of research
principles in product development. All material developed links to the
Illinois Learning Standards, the PSAE Assessment Frameworks, and
Advanced Placement courses. You can arrange a single-day, hands-on
workshop for up to thirty elementary, middle, and high school teachers. These workshops offer teachers the opportunity to introduce topics
related to the Center’s research efforts and are usually conducted during
in-service days.
Curriculum Modules91
A variety of teaching modules are available online. Some of these modules
describe labs that can be performed in the classroom by students using the
procedure described and accompanied with video files demonstrating each
stage of the module. Others come with a kit providing all the necessary tools
and materials to complete the module that are shipped to you at no cost.
Check out the catalog of modules online.

Stanford University and IBM–Center
for Probing the Nanoscale
Stanford University and IBM Corporation, with funding from the National
Science Foundation, have founded the Center for Probing the Nanoscale to
achieve five principal goals.
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1. Develop novel probes that dramatically improve our capability to observe, manipulate, and control nanoscale objects and
phenomena.
2. Educate the next generation of scientists and engineers regarding
the theory and practice of these probes.
3. Apply these novel probes to answer fundamental questions and to
shed light on technologically relevant issues.
4. Disseminate our knowledge and transfer our technology, so that
research scientists and engineers can make use of our advances, and
corporations can manufacture and market our novel probes.
5. Inspire thousands of middle school students by training their teachers at a Summer Institute.
Education programs span teacher development, workshops, public nanoscience events, academic courses, and graduate education. CPN seeks to
embrace the cultural, gender, racial, and ethnic diversity of the United States
and is dedicated to increasing the participation of underrepresented groups
in science, technology, engineering, and mathematics (STEM).
Outreach Programs
NanoTeachers is a teacher resource for bringing nanoscience and nanotechnology into the classroom.
Even though the subjects of nanoscience and technology are not part of
the curriculum, the exciting science and technology can be brought into the
classroom through various standards (California Science Standards related
to nanoscience and nanotechnology).
Summer Institute for Middle School Teachers92 was created to foster
middle school students’ interest in science through teacher training. The
one-week Summer Institute for Middle School Teachers (SIMST) is scheduled annually. At the institute teachers learn about the physical concepts and
underlying concept of nanotechnology and nanoscience in simple terms.
Daily sessions focus on content lectures and inquiry-based modules that
explicitly address California’s 5th to 8th grade physical science content standards. Teachers also receive a hands-on activity classroom kit with many fun
activities that bring nanoscience into the classroom.
Hands-On Nano Activities 93 Grades 2–12
Hands-on activities are listed online and sorted by grade level for teachers. These activities, originally developed for teachers participating in CPN’s
Summer Institute for Middle School Teachers, are designed to help students learn about nanotechnology while supporting the California Science
Content Standards. For teachers in the San Francisco Bay Area, CPN has also
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partnered with the nonprofit Resource Area for Teachers (RAFT) to make
available low-cost materials for some of these activities.
Partnership with the National Hispanic University, to pique students’
interest in nano science.
Postdoctoral Mentoring Program, to support CPN postdocs to follow
through with their careers.
Probing the Nanoscale, a graduate level course that teaches the underlying concepts of nanoprobes and showcases their applications.
Annual Nanoprobes Workshop brings together industry and
academia to foster collaboration as well as inspire and inform
participants.
Video Education Resources 94
To promote nanoscience education, the Center for Probing the Nanoscale
offers free videos of many Center classes and programs. In addition, the CPN
has partnered with Stanford’s Office of Accessible Education on the Proteus
Project and hopes to make many course materials available in alternative formats including searchable captioned videos and transcripts of the lectures.

University of California, Berkeley–Center of
Integrated Nanomechanical Systems (COINS)
The goal of COINS is to develop and integrate cutting-edge nanotechnologies
into a versatile platform with various ultrasensitive, ultraselective, self-powering, mobile, wireless communicating detection applications. The success
requires new advances in nano-electro-mechanical devices, from fundamental building blocks to enabling technologies to full device integration.
The Center developed four major research programs in the areas of energy,
sensing, mobility, and electronics/wireless. Each program research project
spans the full spectrum of basic through applied level with a set of criteria to
determine the projects to support assuring optimal project alignment.
Nano Camp for High School95
COINS has partnered with UC Berkeley’s Lawrence Hall of Science to provide a summertime opportunity for high school students for hands-on experience with nano science and technology. Presented for the first time in 2007,
Nano Camp offers two one-week, nonresidential sessions at the Lawrence
Hall of Science. Scholarships are widely available.
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Students work in teams to synthesize a ferrofluid (a magnetic fluid with
unusual properties first developed by NASA), etch electrode structures
using the photolithographic technique, fabricate a photovoltaic cell using
nanoparticles, and more. The program is complemented by tours of labs and
interactions with Berkeley NSE scientists.
Nanotechnology Workshop for Teachers96
Building on the success of the Nanotechnology Camp for High School Students,
the one-day workshop introduces high school and middle school teachers
to basic concepts and current research in nanoscience and nanotechnology.
Teachers come away prepared to engage their students in three labs: self-assembly demonstration, ferrofluid, and solar cell. They receive a $200 stipend and a
kit that includes: binder with activities, articles, and materials resource information and class set of materials and chemicals for activities done in the workshop.
Recruitment for participation targets teachers in underresourced schools.
Summer Math and Science Honors (SMASH) Academy 97
The goal of the Summer Math and Science Honors (SMASH) Academy is to
encourage students from underrepresented communities (Hispanic/Latino,
African American, and Native Americans) to pursue studies and excel in science, technology, engineering, or math at top colleges and graduate schools.
Beginning in the summer after ninth grade, SMASH participants spend
five weeks on the UC Berkeley campus attending science, math, and English
classes, taught by experienced high-school teachers.
Proven successful, the data is impressive. In 2008, 96 scholars from over
55 Bay Area high schools participated in SMASH, with approximately 90%
from underresourced schools. In 2007, 100% (18) of the first graduating class
are attending college (of which 2 are at UC Berkeley, 2 at community colleges,
and the rest at other CSUs and UCs).

Berkeley Nanotechnology Club (BNC)98
UC Berkeley is positioned as a leader in nanoscale science and engineering.
The BNC was created as the go-to information source for Berkeley students
and alumni to connect with nanotechnology resources at Berkeley and the
Bay Area. The goals are to solidify Berkeley’s position as a nanotechnology
leader and foster an interdisciplinary community that promotes knowledge
sharing and nano-entrepreneurship.
Membership is free and ensures that you are kept up-to-date with everything nano at Berkeley.
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Northeastern University (NEU)–Center for
High-Rate Nanomanufacturing (CHN)
The Center for High-Rate Nanomanufacturing is focused on developing tools
and processes that will enable high-rate/high-volume bottom-up, precise,
parallel assembly of nano-elements (such as carbon nanotubes, nanoparticles, etc.) and polymer nanostructures. CHN projects fall into three categories: large scale directed assembly and transfer research, environmental
health and safety research, and regulatory and ethical research, in addition
to education and outreach programming.
Middle School and High School Outreach99
CHN researchers are happy to travel to schools and present their work
to students of all ages and host groups that wish to tour the facilities
at NEU, University of Massachusetts–Lowell (UML), and University
of New Hampshire (UNH). The laboratory facilities in NEU’s Kostas
Nanomanufacturing Center and UML’s Nanomanufacturing Facilities
and Plastics Processing Laboratories receive a constant stream of visitors. K–12 students touring the UML’s facilities usually check out the electromicroscopes and injection mold parts, produce blow-molded bottles,
electrospin polymer solutions, and examine current research projects.
Students touring the Kostas Nanomanufacturing Center cannot usually enter the clean rooms, but undergraduate students prepare posters
explaining the processes that the students view through the windows of
the clean rooms. In addition, longer programs allow high school students
to fabricate parts.
Research Experiences for Teachers100
Teachers are recruited for six-week research experiences for a teacher
(RET) program that is overseen by Claire Duggan at NEU’s Center
for Enhancement of Science and Mathematics Education (CESAME).
Participants are placed in research assignments in pairs at NEU and UML
and work a minimum of 35 hours per week at their sites. Most of their
time is spent in the research laboratory working on some aspect of CHN
research. As part of the research experience, all participants are required
to keep a laboratory research notebook, a reflective journal, and develop
a research presentation to be shared with colleagues and affiliates at the
end of the summer.
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University of Nebraska-Lincoln–Materials Research
Science and Engineering Center (MRSEC)
K–12 Outreach101
The goal of MRSEC outreach efforts is to inspire kindergarten to grade 12 (K–12)
students by the excitement of materials research to enlarge the pool of students
who become future scientists and engineers. Outreach efforts take various
forms, such as classroom visits and bringing K–12 students to the University of
Nebraska. Visits to schools by MRSEC researchers provide hands-on science
activities and demonstrate to students the relevance of materials and nanoscience research. Bringing groups of K–12 students to the University of Nebraska
for tours and demonstrations of the MRSEC laboratories informs them about
scientific concepts and new technologies. This provides the opportunity for
students to learn about materials and nanoscience research career paths. A
few examples of K–12 outreach activities are as follows.
How Strong Is It? First Grade
University of Nebraska MRSEC faculty worked with first-grade students at
Morley Elementary School for seven science lessons to study many properties of magnetism and magnetic materials. These enthusiastic students used
hands-on activities to learn how to tell whether a material is magnetic, how
to make magnets in a variety of ways, how the earth behaves as a giant magnet, and how like poles repel and unlike poles attract. They were especially
intrigued by the question of how “strong” a magnet could be and delighted
in testing to find out (January 2009).
Fourth Graders Study Optical Properties of Solids
MRSEC researchers visited Clinton Elementary School to help students investigate the optical and electrical properties of solids. Twenty-three fourth-grade
students did several different hands-on experiments involving electrical measurements, optical reflection and transmission, and observations of the refractive properties of transparent material. The students made and tested electrical
circuits to study the conduction of various materials, including aluminum and
glass. They used light from low-power lasers and other sources to study reflective and refractive properties of materials and how materials are shaped so
that images can be formed. The students also investigated the colors of clothes
observed through different optical filters. The students learned that electrical
conductors usually reflect light better than nonconductors and that some materials transmit light quite well. The session ended with a very active and wideranging question and answer period where such matters as the properties of
light from the sun and how different materials are made were discussed.
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Academy Day at North Star High School
What could be more entertaining than fire and good music? How about fire
that will dance to that music? The Rubens’ tube, also known as the standing
wave flame tube, is a physics experiment demonstrating a standing wave.
It shows the relationship between sound waves and air pressure and also
allows you to see different wavelengths of audio frequency.
This and other experiments were demonstrated by MRSEC faculty member Christian Binek during two fifty-minute presentations to high school students during Academy Day at North Star High School. These presentations
reached approximately 500 high school students who are considering various careers in science or technology (April 2009).
MRSEC Collaboration with Raymond Central High School
MRSEC researcher Jeff Shield visited three ninth-grade science classes and
Pam Rasmussen’s senior physics class at Raymond Central High School. The
ninth-grade students were introduced to the magnetic properties of materials
and their applications in magnetic information storage on hard disk drives.
These demonstrations were directly related to Mrs. Rasmussen’s summer
research with MRSEC. The senior physics students worked in small groups
to measure the electrical properties of light emitting diodes. They also used
diffraction gratings to study the properties of the emitted light.
Seventh Graders Make Nanowires
Nebraska MRSEC researchers Bernard Doudin and Carolina Ilie visited
Scott Middle School in Lincoln to discuss advances in nanotechnology. The
students made their own batches of silver nanowires with diameters ranging from 30 to 80 nm by depositing Ag in polycarbonate membranes. They
learned how to estimate the wire diameter from the color of the membrane.
They also showed that a single membrane of 1 cm diameter contained more
wires than the number of people in the United States.
Materials Science for Elementary/Secondary Students
University of Nebraska MRSEC faculty made presentations on materials science topics to students in grades 5 to 12 classrooms and in larger venues such as
“Future Problem Solvers” Workshops and “Saturday Science.” Presentations
include such topics as magnetic materials, shape memory alloys, optics and
light, and nanotechnology. The discussion often includes answers to the
questions: “What does a scientist do? How do I become a scientist?”
RET Participant Uses MRSEC to Increase Student Interest in Science
An important outcome of Research Experiences for Teachers (RET) programs
is helping teachers communicate the excitement and relevance of materials
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research to their students. Steve Wignall, a teacher from Seward High School
who worked with MRSEC Professor Diandra Leslie-Pelecky on biomedical
applications of magnetic nanoparticles, brought fifteen students to visit the
University of Nebraska. In addition to visiting labs, students learned about
materials research career paths. Many were surprised to learn that materials research involves a range of scientific and mathematical backgrounds
and has applications from information storage to medicine. Wignall reports
that students returned with a new appreciation for materials research and
increased excitement about math and science classes. Plans are to expand the
program in the future by involving students from other RET-associated high
schools and offering additional information on math and science careers.

The University of Alabama–Center for
Materials and Information Technology
High School Internship Program102
The Center for Materials for Information Technology at the University of
Alabama invites high school sophomores and juniors to apply for a summer
research internship in nanoscience and engineering. The students will join the
nanoscience and engineering research team and do basic research on either
new materials for high-density information storage, new catalysts for energy
storage and conversion, or nanomedicine. Faculty from chemistry, physics,
mathematics, chemical engineering, electrical engineering, and metallurgical
and materials engineering form multidisciplinary research teams. They solve
fundamental materials science problems that allow the information storage
industry to continue to make data storage devices (magnetic hard disk drives,
magnetic tape, MRAM) with higher data storage capacity at lower cost. The
students find rewarding careers as scientists and engineers in the high-tech
information storage industry. High school sophomores and juniors who are
highly motivated toward a career in research in science and engineering are
invited to apply each year.

University of Maryland (UMD)–Materials Research
Science and Engineering Center (MRSEC)
Project Lead the Way103 (PLTW)
The UMD-MRSEC has formed a six-year partnership with Charles Herbert
Flowers High School Project Lead the Way (PLTW) to implement its pre-
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engineering courses. PLTW is a pre-engineering program that introduces
students to the scope, rigor, and discipline of engineering and engineering technology prior to entering college. Major goals of the program are to
increase the number of young people who pursue engineering and engineering technology, provide equitable and inclusive opportunities for all
academically qualified students without regard to gender or ethnic origin,
and contribute to the continuance of America’s national prosperity.
MRSEC provides students with classroom inquiry-based activities, handson university-based instruction days, and summer programs. The MRSEC
program includes:
Instructional topics: Materials science and engineering, engineering
design and production, electronic circuits, and nanotechnology.
Laboratory visits: Modern engineering materials instructional lab,
nanofabrication lab, nanoscale imaging, spectroscopy, properties
lab, and Keck Laboratory for Combinatorial Nanosynthesis and
Multiscale Characterization.

Chemistry Program104
MRSEC established a partnership with Oxon Hill High School to provide
students with a chemistry program designed by teachers and MRSEC
members. The goal was to increase students’ general and AP chemistry
knowledge and experimental skills. The program included classroom visits and field trips to the University of Maryland. During classroom visits,
MRSEC researchers present exciting demonstrations to motivate students,
followed by laboratory experiments. The field trip is an extensive program,
which provides students the opportunity to use university laboratory facilities and advanced laboratory equipment. The program also includes career
talks by researchers and graduate students, department of chemistry and
biochemistry admissions staff, and a discussion with students about undergraduate experiences.
MRSEC-AIP Middle School Student Science Conference105
The Annual Middle School Student Science Conference is cohosted by
the Materials Research Science and Engineering Center (MRSEC) and the
American Institute of Physics (AIP) Education Division. The conference has
gained wide recognition and interest from area schools and the community.
This program is designed for middle school and draws students from diverse
backgrounds. The conference program is guided by three objectives: (1) to
improve students’ abilities in and perceptions of science, (2) to improve students’ research presentation skills, and (3) to involve families and community
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in science education. To accomplish these objectives, three components have
been developed: (1) mentors work with students to carry out the scientific
method by completing a science fair project; (2) mentors work with students
to help transform their science fair projects into scientific presentations in
one-on-one mentoring sessions; and (3) students present their projects at the
conference day event.
Presentations are judged based on content, style, and how well students
address questions from the judges and audience. The audience consists of
parents, teachers, mentors, and distinguished community members.
Girls Excelling in Math and Science (GEMS)106
The UMD-MRSEC, in collaboration with Girls Excelling in Math and Science
(GEMS), implements math, science, and engineering activities to middle
school students. GEMS is an after-school program focused on female students from two Prince George’s County Middle Schools. The MRSEC-GEMS
program is designed to enhance these students’ interests in science and
engineering by providing exciting curriculum, effective studying tools,
science demonstrations, and access to cutting-edge laboratory equipment.
MRSEC researchers interact with students as mentors and role models
while providing students with the opportunity to learn and discuss current
research and technology.
Summer Camps107
The UMD-MRSEC summer camps were established in 2001. The camps are
designed with teachers to meet curriculum needs and standards and to build
appreciation for science and engineering. Students from partner schools and
home school programs attend. High school camps include specific curriculum goals that are incorporated into students’ fall semester learning and final
semester evaluation. The camps also strive to build confidence in students’
abilities in and perception of science and engineering. The camps provide a
venue to share cutting-edge science and technology and to generate interest
among budding young scientists.
Science Road Shows108
The UMD-MRSEC takes science road shows to partner schools in order to
stimulate and improve science learning by emphasizing fundamental science concepts and building science literacy using more than 50 different
demonstrations. Working with teachers, UMD-MRSEC tailor-design shows
to accompany conceptual units, laboratories, and science fair development,
and introduce new concepts, motivate learning, and engage critical thinking.
UMD-MRSEC also presents demonstrations in public venues to inspire interest in science and technology among the broader community. Topics include
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physics, materials science, and nanoscience. Venues include Six Flags, partner schools, summer camps, professional workshops, conferences, and the
International Spy Museum.

Florida State University–Molecular Expressions:
Exploring the World of Microscopy109
The Molecular Expressions Web site features the photo galleries that explore
the fascinating world of optical microscopy. It includes the largest collections of color photographs taken through an optical microscope (commonly
referred to as “photo-micro-graphs”). Students and teachers can visit the
Photo Gallery for an introductory selection of images covering just about
everything from beer and ice cream to integrated circuits and ceramic superconductors. These photographs are available for licensing to commercial,
private, and nonprofit institutions.
Secret Worlds: The Universe Within110
Soar through space starting at 10 million light years away from the Milky
Way down to a single proton in Florida in decreasing orders of magnitude
(powers of ten). This tutorial explores the use of exponential notation to
understand and compare the size of things in our world and the universe,
and provides a glimpse of the duality between the macroworld around us
and the hidden microworld within. As you move through space toward
the Earth in successive orders of magnitude, you reach a tall oak tree just
outside the buildings of the National High Magnetic Field Laboratory in
Tallahassee, Florida. After that, you begin to move from the actual size of
a leaf into a microscopic world that reveals (100 nanometers) leaf cell walls,
the cell nucleus, chromatin, DNA, and finally, into the subatomic universe of
electrons and protons.
Online Activity Guidebook for Teachers111
Activities written by educators with input from scientists, researchers, students, and teachers are provided here to help you and your students investigate light, optics, and color. Each activity has a teacher version followed
by a separate student page. However, student pages can be easily adapted
for use by children working with their parents, instead of a teacher. In fact,
students, teachers, and parents are encouraged to work together to cooperatively explore new ideas, concepts, and ways of thinking. Then, after students
achieve a better understanding of the basic principles and theories behind
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optics and related topics, they can explore them to advanced levels through
the various features of the Molecular Expressions Web site.
Activities for Students112
This section has 16 activities and 10 inquiries for students. The photo galleries are also an area of interest to students of any age.
Scanning Electron Microscopy113
Award-winning electron microscopist Dennis Kunkel produced a virtual
Scanning Electron Microscope (vSEM). Visitors can adjust the focus, contrast, and magnification of microscopic creatures and samples of dust and
pollen viewed at thousands of times their actual size.

The NIEHS Kids’ Pages114
“We Are the Environment.” Charles Panati
These pages are produced by the National Institute of Environmental Health
Sciences, of the National Institutes of Health, Department of Health and
Human Services.
Topics on site: NIEHS ... What’s that? (Learn about NIEHS), Hot Topics and
Environmental Health Science Education, Brainteasers and Riddles, Books
and Stories (educational too!), Environmental Art and Poetry Gallery, Games
and Surprises, Jokes and Humor (Laughing is Good for You!), Sing-Along
with NIEHS.
Science Education Resources for Kids and Teachers115
The Environmental Health Sciences Education Web site provides educators, students and scientists with easy access to reliable tools, resources and classroom
materials. It seeks to invest in the future of environmental health science by
increasing awareness of the link between the environment and human health.
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