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SECTION 1: PARTICIPANTS
Core Participant Individuals

Patricia Schank (Pl), TinaStanford (Co-Pl), Ande's Rosenquist, Vera Michdchik, ReinaFuijii,
Nora SabdlibERI Internaiond

Maureen Scharbergbtsan Jose State University

Ellen MandinachbEducationd Development Center

Alyssa WisebBndianaUniversity, Bloomngton, IN

Doris Mouradbt eacher, Castillgja School, Palo Alto, CA

Carolina SylvestribE eacher, GunnHigh School, Palo Alto, CA

Geri Horsmabt eacher, GunnHigh School, Palo Alto, CA

Miriam Motoyamab eacher, GunnHigh School, Palo Alto, CA

Maria Powel [BDE eacher, GunnHigh School, Palo Alto, CA

Partner Organizations
Research and Development Partners

Chemistry Department, San Jose State University, San Jose, CA. We are working closly with
Dr. Maureen Scharberg and a student assistant in the Chemistry Department at SIJSU to develop
standards-based nanotechnology curriculum for high school science classroons and to hog
teacher training workshopsat SISU. Dr. Scharberg and her student assistant have developed a
database of high school science teachers used for recruiting of teachers for NanoSense
workshops

School of Education, IndianaUniversity. We are working clossly with Alyssa Wise, a PhD
student in Learning Sciences in the School of Education at IndianaUniversity, to develop,
evaluae, and refineour curriculum materials. Ms. Wise holdsa Mastersin Ingructiond Systems
Technology and has expertise in chemistry, physcs, and science ingruction. Shehasled the
development and evaluation of the NanoSense Clear Sunscreen unit, contributed sectionsof the
Size Matters unit, and provided verba and written feedback on other NanoSense units.

Center for Children and Technology, Educationd Development Center, New York, NY. Dr.
Ellen Mandinach at EDC isleading the evaluaion efforts for the project. Dr. Mandinach
provides expertise in basic, applied, and formative research to investigate how technology and
curriculum can make a difference in theclassroom Acting as acritica patner, EDC hdpsow
team shgpe our strategies for developing our materials and andyze thar usefulnessin red
classroons with our teacher partners. EDC uses a multimethod approach to collect and andyze
indicators of theusefulness and value of the curriculum units. EDC@ efforts are be both
formative and summative, providing ongong and iterative feedback to NanoSense developeasin
order to appropriately shgpethe development effort and describe the degree to we meet our
gods.

Foothill-DeAnza Community College (FHDA), Los AltosHills, CA. FHDA isoneof thelargest
community collegedistricts in the United States, providing credit classes for about44,000
students pe quater. Faculty member Robet Cormia hdped the NanoSense team organize the
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March 2005Advandng Nanostience Education workshop. Faculty member Dr. Singh
collaborated with the NanoSense team to develop and submit a Nationd Science Foundaion
Advanced Technological Education (ATE) proposal entitied ONanotechnology Program
Curriculum Articulation (PCA)Q

NASA Ames Research Center. NASA Ames has created partnershipswith leading universities
and high-technology indusdry leaders, bringing the scientific and corporate communities
togdher in efforts to advance human knowedgeand explore theunknown. NASA staff Dr.
Meyya Meyyappan and Ms. Valerie Sermon are working with Foothill Collegeto developa
new nanoscience certificate program and offer internshipsfor students to participate in the
program and to high school students. NASA also helped the NanoSense team organize the
March 2005Advanang Nanoscience Eduation workshop, in which Dr. Meyyappan was a
featured speaker.

Sdool Partnerships

Several high school teachers are working with the NanoSense team to advise the development
of our activities, pilot-test them in thar classroons, and provide feedback onther use.

Antioch High School, Antioch, CA. Antioch® student population is approximately 28%
Hispanic, 9% African American, 3% Asian, and 2% Filipino; the highest parent education level
is29% college degree and 7% graduae school;, and 31% of the student body qudifiesfor free or
reduced-price lunches. The school® 2001AP! score was 589out of 100Q and its API rank is 2
outof 10. Britt Hammon, aveteran chemistry teacher at Antioch High School, attended our
NanoSense teacher meetingsin year 1 and pilot-tested activities from the NanoSense Size
Matters unit with her chemistry studentsin June6, 2005.Ms. Hammon has also served asthe
school's assessment coordinaor, and has developed an integrated science curriculum tha
combines earth science, physcs, and biology. Ms. Hammon was aso a patner teacher onthe
ChemSense project, developing several curriculum activities and testing them in her classroom

GunnHigh School, Palo Alto, CA. Gunn@ student popuktion is 26% Asian, 5% Hispanic, and
2% African-American; the highest parent education level is 16% college degree and 75%
graduae school, and 4% of the student body qudify for free or reduced-price lundhes. The
school@ 2002API score was 883 out of 1,000.Carolina Sylvestri, chemistry and physcs teacher,
Geri Horsma, biology teacher, and Miriam Motoyama, chemistry teacher, attend our NanoSense
teacher meetings providefeedback onour materials, and have pilot tested materials with ther
students the classroomand at our teacher-student workshops

Cadtilleja School, Palo Alto, CA. Castillgjais a nonsectarian, al-female private school;
approximately onethird of the student popuktion are ethnic minoiities, and virtudly all
graduaes go onto four-year colleges. Doris Mourad, chemistry teacher, attends the NanoSense
teacher meetings provides feedback on our materials, and has pilot tested materials with her
students and at our teacher-student workshops Ms. Mourad aso attended the March 2005
Advandng Nano<tience Education workshop, and worked closely with the NanoSense team on
the development of the FineFilters unit on nanofiltration.
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Menlo-Atherton High School, Menlo Park, CA. Menlo-Atherton® student popuktionis
approximately 40% Hispanic, 9% African-American, 4% Asian, and 5% Pacific ISande; the
highest parent education parents is 23% college degree and 32% graduéde school, and 16% of the
student body qudify for free or reduced-price lunches. The school® 2002API score was 696 out
of 1,000 Nancy Day, chemistry teacher at Menlo-Atherton, attended our March 2005Advandng
Nanostience Education workshop and has indicated interest in pilot-testing our materials with
her students.

Miramonte High School, Orinda CA. Miramonte® student popuktionis 16%Asian, 3%
Hispanic, and 1% African-American; the highest parent education level is 35% college degree
and 57% graduae school, and fewer than 1% of the student body qudify for free or reduced-
price lundhes. Theschool@ 2002API score was 871 out of 1,00Q Irene Hahn, chemistry teacher,
attended our teacher meetingsin year 1 and used the NanoSense Size Matters unit with two
classes of chemistry students over the course of two weeksin May 2005.Ms. Hahnwas also a
patner teacher onthe ChemSense project, developing severa curriculum activities and testing
them in her classroom

Other Collaboratorsor Contacts
Advisory Pand

An advisory committee of recognized expertsin chemistry, nanoscience, and science eduction
guides and monitors the qudity, relevance, and application of our work. Pand members
indude

Dr. Larry DuboisbBNano<tientist and vice president of the Physcal Sciences Division at SRI
Internationd.

Michael RanneybfProfessor, Graduate School of Education, University of California, Berkeley.
Dr. Rannegy@Q expertise isin science education and scientific reasoning.

Deb NewberryBBrormer nudear physcist and current indudry condultant and nanocience
technology ingructor at Dakota County Technical College Nanoience Technology Program,
and coauthor of the populr nanotechnology book The Next Big Thing Is Really Snall.

Christine PetersonbECofounde (with Eric Drexler) and president of Foresight Inditute, a
nonpofit tha educates the public, technical community, and policy-makers on nanotechnology
anditslongterm effects.

Robat TinkerBDBPhyscist and President of the Concord Consortium. Dr. Tinker directs the
Molecular Workbench project, which offers smulationsof self-assembly and other nanoscience
phenomena

Other Collaborators

Larry WoolfBEA physcist at General Atomicsin San Diego, California. Dr. Woolf advises on
the science content of our units and performs an annud site visit review of theproject. He has
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been involved in K-12 education for years, developing and reviewing K-12 curriculum activities
and critiquing state and nationd science standads

Marcy BerdingbtA senior research physcist in the Physcal Electronics Laboratory at SR
Internationd. Dr. Berding advises on the science content of our units.

Brent MacQueenbEA senior research chemist in the Chemical Science and Technology Lab at
SRI Internaiond. Dr. MacQueen advises on the science content of our units.

Grace ChoubPA chemica engineer and director of busness development at SRI Internaiond
with expertise in membrane and process science. Dr. Chou advises on the science content of our
units.

Ted MillDEA senior research chemist at SRI Internationd with expertise in the oxidation of
chemical organic compounds Dr. Mill advises on the science content of our units.

Robet Cormiab#raculty member at Foothill-De Anza College (FHDA). Mr. Cormiaa
nanotechnology survey course at Foothill. We have conaulted with Mr. Cormia on his GAtlas for
NanosienceOeffort to build atopic map for thedomain of nanoscience

Dr. Brian Coppobb®Professor of chemistry at the University of Michigan and Co-PlI of the
ChemSense project. Dr. Coppok conaults with the NanoSense project to hdp ensure the
accuracy of the content and appropriateness of the curriculum activities.

Joan CarterbE eacher in Residence Science Education Program, San JosZ State University. Ms.
Carter collaborated with our SISU partner, Dr. Scharberg, to develop an Introdudionto
Nanogescience curriculum unit usng the Undestanding by Design approach. She attended our
initial NanoSense teacher workshopsand provided feedback on our early materials.

Valerie Sermon, NASA Amesbiirector, NASA Ames Research Center & Private Sector
Internship Program. Ms. Sermon leads NASA AmesQOcollaboration with FHDA to suppot
development of a new nanotience certificate program and offer internshipsfor students to
paticipae in theprogram. Sheaso hdpsorganize nanosience internshipsfor high school
students at the Ames Research Center. Dr. Sermon collaborated with NanoSense onthe
organization and structure of the March 2005Advancng Nano<tience Education workshop.

Adolfo NemirovskybEChar of theNano3 G nanoEducation and Training Forum (nETF). nETF
promotes nanotechnology education and workforce development. Mr. Nemirovsky collaborated
with the NanoSense team on the organization and structure of the March 2005Advanang
Nanostience Education workshop.

Sukhjit Singhb®aculty, De Anza College Dr. Singh collaborated with NanoSense staff and
Mr. Cormiato develop and submit an NSF ATE proposi, ONanotechnology Program
Curriculum Articulation,Oto create, test, refine and disseminae a nanotechnology curriculum
articulation modd, a set of modules, and an infrastructure to facilitate amodular set of
nanotechnology courses to be offered by community colleges and universities. The proposl
was not funded, but we are continuing to refinetheidea for future submission.
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SECTION 2: ACTIVITIESAND FINDINGS
(See adso attached files)

Opportunitiesfor Training and Development

The NanoSense team has a strong commitment to thetraining of students, researchers and
teachersin the area of nanostience education. Thistraining is accomplished by working closely
with researchers at SRI, faculty and students at San Jose State University, andteachersin local
high schools. NanoSense staff have also attended professiond development seminars and
workshopson nanosale science at Stanford University.

NanoSense funding suppots a graduae student from IndianaUniversity at Bloomngtonand a
student assistant at San Jose State University (SISU). By patnering with IndanaUniversity and
SJSU, we are supavising and suppoting graduae students who will become theteachers,
designes, researchers and eductiond policy makers of tomorrow.

Additiondly, we have worked with at least dozen high school chemistry teachers who have
provided ussful and frequent feedback on the Nanosense activities and are usng some or all
activitiesin thar classroons. In addition to attending our teacher meetingsand workshops two
of these teachers have interned with the project during the summer months We have also
spon®red and worked closely with a high school teacher throughthe Indudry Initiatives for
Science and Math Education (I11SME; iisme.org) Fellowship Program for Teachers. ISME isa
nonpofit collaborative of San Frandsco Bay Areacorporations universities, and local
educators working to improve mathematics and science education. [ ISME Fellowships provide
K-16 teachers with meaningful professiond development by exposng them to indugry and
research environments, giving them direct experience with applicationsof science, ingiration
to infuse thar lessonswith relevance, encouragement to stay in teaching (IISME teachers stay
in teaching at more than twice therate of thar colleagues) and better undestanding of career
needs By working closaly with teachers, we are providing teacher professiond development
oppotunities and creating a teacher-researcher modd tha scaffolds procedures and activities
necessary to co-design research in schools.

Outreach

The NanoSense web site provides public access to NanoSense activities, information aboutour
workshops presentationsand publications research findings and project contact information.

NanoSense activities and findingshave been presented in numerousforums, induding the annud
meeting of the American Education Research Association (AERA), thelnternaiond Conference
of theLearning Sciences (ICLS), the Exploratorium, the Bogon Museum of Science, the
WorkshoponK-12 & Informal Nanoscale Science and Engineering Education, the Gordon
Research Conference on Visudization in Science and Education, the Advanang Nanocience
Education workshop (Menlo Park, March 2005) and the Nanoscience L earning Gods workshop
(Menlo Park, June2006) and annud NSF IMD meetings Pl Patricia Schank has co-authored a
book chgpter with Joe Krgjcik on nanostience education (published by Wiley) and an article,
with Alyssa Wise, for the APS newdletter.
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The ChemSense softwarebf congrudivist representationd environment developed by our team
and used in some NanoSense activitiesbis available for free download at http://chemsense.org
and was a so submitted to the Joumd of Chemical Education (JCE) Digital Library in 2005
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SECTION 3: PUBLICATIONS AND PRODUCTS
Publications

Articles
¥ Schank, P. & Krajcik, J. (in press). Can Nano<ience Be a Catalyst for Eduction
Reform? In P. Lin (Ed.), Anthology of nanoghics essays. Wiley Publishing.

¥ Schank, P., & Wise, A. (2006) Introduang high school students to nanoscale science.
Forumon Education of The American Physical Saiety Sunmer 2006 Newsl etter.
http://lwww.apsorg/units/fed/newd etters/spring2006index.html

Technical Reports

¥ Hs, S, & Sabdli, N. (2009. Learning at thenanoxcale: Research questionsthé the
rapidly evolvinginterdisciplinarity of science poses for thelearning sciences. Innovaive
Session, 7th International Conference of the Learning Saences, Bloomington, IN.
Available online at http://nanoense.org//documents/papers/| CL S2006 Hs Sabdli.pdf

¥ Sabdli, N., Schank, P., Roenquigt, A., Stanford, T., Patton, C., Cormia, R., & Hurst, K.
(2005) Report of theworkshop on science and technology education at the nanoscale
(PDF). DRAFT Technical Report, Menlo Park, CA: SRI Internaiond. Available online
at http://nanosense.org//doauments reports/NanoworkshopReportDraft.pdf

Conference Presentationsand Workshops

¥ Schank, P., Wise, A., Stanford, T., & Rosenquist, A. (2006 April). Teaching nanosience
to high school students: A tale of the NanoSense project. Poger presented at the Annual
Meeting of the American Educationd Research Assodation (AERA), San Francisco, CA.

¥ Wise A., & Schank, P., Stanford, T., & Rosenquist, A. (2006 April). Themany
chdlenges of designing and teaching nano<cience. Roundeble discussion at the Annual
Meeting of the American Educationd Research Assodation (AERA), San Frandsco, CA.

¥ Stanford, T., Ristevy, J., Schank, P., & Morrow, C. (2006,February). Size and scale:
Research and recommendaions Roundgble discussion presented at the Ingructiond
Materials Development Conference, Washington, DC.

¥ Schank, P., Wise, A., & Stanford, T. (2006 February). NanoSense: Developing adtivities
to teach high school students aboutnanosience prindples, applications and
implications Presented at the Ingructiond Materials Development Conference,
Washington, DC. Available onlineat
http://nanoense.org/doauments/presentationgNano SensePogerFlyer.pdf

¥ Sdank P. (2006 February). Overview of the NanoSense and ChemSense projects.
Presented at the Nanoscale Informal Science Eduction Network (NISE) Visudization
Laboratory Meeting. February 17-18, SanFrandsco, CA.
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o0 Sdank P. (2005 Octobe). TheNanoSase project: Overview. Presented at the
WorkshoponK-12 & Informal Nanoscale Science and Engineering Education sponred
by the National Saence Foundaton. Octobea 19-20, Washington, DC. Available online
at http://nanoense.org/doauments/presentationgNIMDNanoS@seOver view.ppt

0 Schank, P. (2005 Octobe). The NanoSense project: Design chdlenges and
oppotunities. Presented at the Workshopon K-12 & Informal Nanosale Saence and
Engineering Education spon®ored by the Nationd Science Founddion. Octobea 19-20,
Washington, DC. Available onlineat
http://nanoense.org/doauments/presentationgNIMDWorkshopQOct2005 ppt

0 Schank, P. (2005 July). Tha@wha hgppens Sudents explain chemistry through
drawing and animation. Presented at the Gordon Science Education & Policy Conference
onVisudizationin Science & Eduation, Queen'sCollege, Oxford, UK.

0 Rosnquist, A. (2005 July). NanoSease: Thebasc sense behind nanosience. Poger
presented at the Gordon Science Education & Policy Conference on Visudizationin
Science & Education, Queen@ College, Oxford, UK.

0 Schank, P. (2005 February). NanoSense: Developing adtivities to teach high school
students aboutnanogience prindples, applications, andimplications Presented at the
Ingructiond Materials Development Conference, Washington, DC.

Web Sites

The NanoSense web site, http://nanosense.org, provides access to NanoSense activities,
information aboutour workshops presentationsand publications research findings and project
contact information.

Other Products
CurriculumModules

The NanoSense team has devel opal, pilot-tested, and revised two full curriculum unitsbEsize
Matters and Clear Sunsreenbfnd is currently completing pilot testing two other unitsbELlean
Energy and FineFilters.

All activities are made avail able to the public onthe NanoSense Web site at hitp://nanosnse.org
once they have been pilot-tested, and are distributed at teacher workshops

1. Size Matters. Thisunit provides an introdudion to nano<ience, focusng on conaepts
related to thesize and scale, unusud propeties of the nanoscale, and example
applications Theunit spansup to ten 50-minute classroom periodsif all lessonsare
used. Available lessonsand activities indudedemondrations labson unique
propeties at the nanoscale, handson activities on size and scale, a black-box activity
on probes, PowerPoint dlides, readings worksheets, quizzes, and a poder session
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performance assessment.

2. Clear Sunsreen. Thisunit exploresissuesrelated to size and scale, specificaly the
effect of the size of nanopowders on theinteractions of energy and matter (e.g., the
absorption of light, addressing the el ectromagnetic spectrum and assod ated
wavelengths). For example, old sunsreensuse "largée’ zinc oxide paticles, which
block ultraviolet light but scatter visible light, giving the cream awhite color. If
nanopowders of zinc oxide are used indead, thecream is trangparent, because the
diameter of each nanopaticle is smaller than the wavelength of visible light. The unit
spansup to twelve 50-minute classroom periodsif all lessonsare used. Available
lessonsand activitiesindudea UV protection lab, ChemSense animation activities,
Flash animations an investigation of sun<creen labels activity, and aconsumer
information pamphlet project, PowerPoint dides, readings and workshests.

3. Clean Energy. This unit explorestheissue of energy produdion as apressing globd
issue and how nanostience could enable important breakthroughsin energy
generation and convea'sion. The unit spans three 50-minute classroom periodsif all
lessonsare used. Available lessonsand activitiesindudea solar cell lab, animation
activity, PowerPoint dides, quizzes, readings and workshests.

4. FineFilters. This unit focuses on the (uneven) scarcity of safe drinking water across
theworld, how water can be cleaned througha series of filtration steps and how
nanofiltration can be used as a cog-effective way to treat wastewater or as a pre-
treatment before desalinization. The unit spans three 50-minute classroom periods
Available lessonsand activities indudea filtration-mechanisms lab, animation
activity, a peformance assessment, PowerPoint dides, readings and workshests.

Sotware

The ChemSense software suppotts the sharing, viewing, and editing of a variety of chemistry
representations induding text, images, drawings and animationsof nanoscopic processes.

ChemSense is available for free download on the ChemSense web site at
http://chemsense.or/download and has been submitted to the Joumd of Chemical Education
(JCE) Digitd Library.

Ingruments

Theoutside evaluaor for NanoSense is oberving classroom and workshop implementation of
the curriculum units, collecting detailed questionreires regarding studentsGresponse to elements
of the units, and conduding semi-structured interviews with teachers and students aboutthar
undestanding and experiences with the activities. Indruments developed indude

I NanoSense Workshop Evaluation for Students

I NanoSense Workshop Evaluaion for Teachers
I NanoSense Pilot Testing Observation Protocol

10
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SECTION 4: CONTRIBUTIONS
Nanoscience and Related Disciplines

Our work on NanoSense is generating a number of outcomes of valueto nanoscale science
learning. Theseindude

¥ Toolsand curricular activities tha hdp students and teachers undestand and build
modds of nanoxcale phenomena

¥ A framework for developing nanoscale science curriculum tha linksto educationd
standadsand introduces nano<cal e science at appropriate placesin traditiond high
school curricula.

¥ Suppot for science teachers to devel op science understandingsin unfamiliar science
fieldsthroughteacher professiond development materials.

¥ New knowedgeabouttherelationips between studentsQuse of representationsand
thar undestanding of nanoscale science.

¥ New knowledge aboutthe forms of teacher practice in relation to student use of
nano<cal e representations discussions and collaborative inquiry.

Contributionsto Other Disciplines

¥ A different lensthroughwhich students can revisit core concepts from physcs,
chemistry, and biology, as well as related areas such as materials science and
engineering to suppot student undestanding and (eventudly) movethese fieldsforward
throughinterdisciplinary research.

¥ Animproved undestanding of theimportance tha condructivist representationd
environments can add to science learningbfspecially for students who have been less
well served by traditiond approaches to science education.

¥ Animproved undestanding of how teachers modd and assess representationd and
collaborative practice to suppot student representation, discourse, and undestanding,
and wha types of tools and activities suppot teacher practice.

¥ A generd software environment for representation building and sharing animationstha
can beused in domainsother than chemistry. For example, for nano<cience learning,
students could animate conaepts such as hydrogen filtration by carbonnanotubes,
representing details such as hydrogen and tritium gas, theintrodudion of nanotubes, and
tritium becoming trapped in the nanotubes over time. If adgpted for physcs learning,
students could animate concepts such as Newton's2™ Law of Motion (F=ma),
representing details such as velodty and acceleration at a macroscopic level. If adgpted
for biology learning, students could animate conaepts such as mitotic cell division,

11
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representing details such as chromosome replication and movement to each pole of the
cell.

Human Resour ces

We are developing and disseminating new educationd materials tha expose teachers and
students to the emerging field of nanoscience and provide compdling, real-world examples of
science in action tha aim to improve student interest (and hopdully retention) in science. We
are aso contributed to thetraining of severa new researchersb®negraduae student and one
undegraduaebfnd are working closely with several high school chemistry teachers. In doing
S0, we are supavising and suppoting graduae students and teachers who will become the
teachers, designe's, researchers and educationd pdicy makers of tomorrow, and are scaffolding
procedures and activities tha are necessary to co-design research in schools.

Research and Education

Our work on NanoSense is generating a number of outcomes of valueto the endeavors of
researchers and educators both in and outside of the scientific disciplines. These indude

¥ Thecreation of classroom-tested activities to give students direct experience with the
methodsand processes of science more generaly and nano<cale science in paticular, in
keeping with emerging science standards (Nationd Research Counal, 1997;AAAS,
1993)

¥ Interdisciplinary activities to hdp tie togeher the digoint high school curriculum,
suppot undestanding of theinterconnectionsbetween thetraditiond scientific domains
and provide compdling, real-world examples of science in action.

¥ Professond development materias for teachers to increase their undestanding of the
fundamental scientific disciplines (e.g., chemistry, biology, physcs) tha contribute to
nanoscal e science.

¥ Theapplication of ageneralized software framework (ChemSense) that could be used to
suppot collaboration and representation condruction in other domains, and to gathe
student data for research in these domeins

¥ Animproved undestanding of therepresentationd environments that can add to science
learning

¥ Animproved undestanding of how teachers modd and assess representationd and
collaborative practice to suppot student representation, discourse, and undestanding

Public Welfare
We bdieve tha nanoscale science curriculum pared with condrudtivist representationd

environments can improve science learning and lead to a popukbce better educated and able to
make informed decisionsonissues and techndogies tha affect many aspects our lives. We also

12
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hopetha students who are introduced to nanoscience throughcompdling, real-world examples
of science in action will be more motivated to contnuestudying science than has been the case
in the pastbfand provide the knowledgeand skills needed to innovde and solve chalenges that
we face now and in thefuture.
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