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NanoSense: The Basc Sense behind Nanoscience
YEAR 3 FINDINGS

Executive Summary

We have categorized our observations condusons and recommendaionsfrom thethird
year of theNanoSense grant in terms of six main findings Experiment-driven revisonsto the
Clear Sunzcreen unit, Clean Energy pilot study results, results of the June14-16 Nano<ience
L earning Gods workshop, paticipant evaluaionsof the Nano L earning Gods workshop,
paticipant evaluationsof the Dec 2 NanoSense workshopfor high schod teachers, and web
statistics on downloads of NanoSense materials. These findingsare summarized bdow and
described in more detail in the body of thereport.

Clear Sunsreen revisons Based on daafromthe UV blocking experiment, we revised the
unit to describe absorption as the only mechanism by which sunsreensblodk UV lightfrom
hitting our skin. Diffuse reflection dueto scattering is discussed in thevisible regionto explain
why traditiond inorganic sunreensare white and how clear sunsreensare madeusng
nanoszed particles. A few pending changes will be completed this summer.

Clean Energy pilot study. Data fromtheinitial Clean Energy implementation study provided
evidence of student learning and highlighted a number of ways we can improvethelearning
oppotunitiesin theunit. Since the unit was tested, severa additions(induding animationsthat
show how nanoaystalline and traditiond solar cells work, anew reading that more deeply
explores solar energy technologies, and adapted lab ingructiong should address many of the
identified needs A few pending revisions and recommendaionsfrom our May 2007site visit
with Larry Woolf, will beimplemented this summer.

Learning Goals workshopresults. Over thethree days, 43 workshop participants worked in
and across groupsto identify eight (big ideasOin nanostience and elaborate each ideainto
specific learning gods. These ideas and learning godss are currently being vetted by researchers
and educators. We anticipate thar release in areport (NSF monogaph) later this year.

Learning Goals workshop evaluation. In a pog-workshop survey, paticipants reported high
satisfaction with theworkshop. Generally, they thoughtit was very well organized and
produdive, and was a goodfirst step to bring new science concepts to the K-12 curriculum. They
also felt tha more time and work unpaking theideas and aigning them with standadswas
needed, and next stepsneeded to beelaborated.

December 2 NanoSese teacher workshop. Virtudly all of the (22) teacher paticipants
reported that the workshop was worthwhile and well organized, that the NanoSense materials
were relevant to the classes they teach and they planned to use the materials in ther classes, and
tha they wanted learn aboutfuture NanoSense professiona development oppotunities. To use
thematerialss, they indicated that they would want kits and someoneto call or emall if they have
guestions They also wanted field trip and guest speaker contacts, and ideas on howto
incorporate the conaepts into thar curriculum.

Web statistics on downloads The NanoSense Web site has received over 100000requests
sinceit opened in February 2005 It receives about125requests per day on average, the majority
of which are for specific NanoSense lessonspoded onthesite. (Note tha requests from SRI staff
and web indexing robds are excluded from these andyses; thereported site statisticsaim to
reflect requests from legitimate third parties.) NanoSense also appearsin thetop ten search
results for anossience educationQon Google (as of May 2007, is it the sixth result).
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Finding 1: UV blocking experiment and revisonsto the Clear Sunscreen unit

ThedaaontheUV blocking experiment described in the Activities section is graphed in
Exhibit 7, light scattering from three sunscreens This daa suppoted the hypothesis tha
absorption aloneis the mechanism responsble for the UV blocking by largeZnO and TiO2
paticles. In particular:

Sunsreen 1
* Containstheorganic ingredients octinoxae and oxybenzone (Thesunsreenis
Walgreens SPF 15).
* Because organic molecules are small compared to thewavelengthsof lightused, little
scattering in thevisible rangeoccurs and thelineisbasicaly flat.
* Thissungreen appears clear ontheskin.
* Itisnotposibleto estimate the size of themolecule fromtheinformationin the

graph.

Sunsreen 2

* Containsnanoszed zinc oxide (Thesunscreen is Skin Ceuticals SPF 30).

* Because nanoszed zinc oxide clugers are less than haf the size of thewavelengths of
lightused, very limited scattering in thevisible rangeoccurs.

* Thissungreen appears clear ontheskin.

* Theshap dropinthecurve at 380nmis actudly dueto absorption (if al thelightis
getting absorbed, it can®be scattered) so we canna estimate the size of the clugter.
We only know tha the curve would have peaked below 380nm, so thecluder sizeis
smaller than 190nm.

Sunsreen 3
* Containstraditiond titanium dioxide (Thesunscreen is Bullfrog SPF 45).
* Because traditiond titanium dioxide clugers are abouthdf thesize of the
wavelengthsof light used, a great deal of scattering in thevisible rangeoccurs.
* Thissungreen appears white on the skin.
* Because thegraph pesks around450nm, we would estimate the cluger sizeto be
about225nm.

Based on this data, we revised the unit to describe absorption as the only mechanism by
which sungreensblodk UV light from hitting our skin. Diffuse reflection dueto scatteringis
discussed in thevisible region to explain why traditiond inorganic sunsreens are white and how
clear sunreensare made usng nanoszed particles.

Specifically the changesinvolved:
= Eliminaing Lesson 4 (How Sunscreens Block: Scattering) and moving the content
related to the scattering mechanism to the unit of Stylish Sunscreens How Sunscreens
Appear (renamed How Sunscreens Appear: Scatting and renumbered from Lesson 5 to
Lesson4)



Schank, SRI Internaiond NSF-IMD Grant#0426319

Revising the Animation activities and animation files (ChemSense Activity, Sunreens
& LightFash Animationswith related worksheets) to reflect our revised undestanding.
RevisingtheLesson 2 (All About Sunscreens) materials (PowerPoint, Teacher Notes,
Sunscreen Ingredients Activity) to be congstent with our revised undestanding
Eliminaing the Sunscreen Role Play Activity in Lesson 2 tha was based on scattering as
aUV blocking mechanism

Adding an activity interpreting the actud graphsfrom our daain Lesson 2

In additionto revisionsdriven by the experiment, this roundof revisonsinduded all changes
suggest by Maureen Scharberg based on areview of the July 2006version. These revisions
induded clarificationsto lab protocols and explanaionsof the scientific conaepts given in the
PowerPoint dides and teacher notes as well as copyediting.

The Clear Sun<creen lessonswill undego afinal set of revisonsthis summer to finetunethe
scientific explanaionsand visud representations Once the experiment-driven content changes
were complete, we complied alist of all pending comments from Larry Woolf (our NSF
reviewer), two of Joe Krajcik@® graduae students who reviewed the unit, and NanoSense team
members (induding Maureen Scharberg). Theresult was a nine-pagetable with 61 suggested
changes. We then discussed and prioritized these changes based on importance and time codg,
reviewing relevant items with our teachers or consilting SRI scientists. Based on this, we have a
list of 40 changesto complete this summer. We estimate these changes will take about80 hours
of work. Mog of these are minor content changes (wording) or small adjustmentsto the
formatting and organization. Thelarger changes are listed bd ow.

Expanding the teacher@ guide for thereflection sheets for each lesson to add an answer
key of ideas tha students should have at the end of each unit, explaining howthe
phenomenonencountered in thelesson are related to the overall gods for thelesson and
theunit asawhole. Also add an introdudion to hdp theteacher discuss whether the
guestionsare scientific questionsand how to approach different types of questions
Revising the different diagrams used to depict the Electromagnédic spectrum and energy
level trandtionsto be smpler and congstent with each other. (These were origindly
gathered from different sources, butwill be edited / re-created)

Addingin an overview onlightmatter interactionsfocusng on R+T+A=1

Adding amore detailed explanation of therelaxation process for excited organic
sunscreen molecules.

Adding in a Qoreaking newsOslideto indudeanewly FDA approved sunsreen
ingredient.

Expanding the student quiz to more comprehensvely asses student learning

Adding alist of ther resourcesOinduding ideas for backgroundreading and lesson
extensonsand alist of god Google search terms for finding others (this will address the
problem of broken linksand hdp them keep current.)
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Finding 2: Clean Energy Pilot Study Results
Stuudent Demographics and Saence Background

Twenty-seven students from two classes in a single San Frandsco Bay Area high school
participated in usng theNanoSense Clean Energy unit from February 9-16, 2007. Both classes
were sectionsof afirst year Environmental Science course taughtby oneteacher.

Class 1 wasinduded 8 girlsand 7 boysof predominaely Hispanic and Asian decent. The
teacher characterized Class 1 as her GadorableQOclass that was sodal and engaging, but didn®
necessarily test well. Class 2 induded 7 girls and 14 boys and was split evenly between
Caucasian and Hispanic/Asian students. Theteacher described this class as somewha GarcasticO
and less well-manneaed, but said they tested well. Class 2 dso induded severa students with
learning disabilities. In both classes, mog of the students were sophonores, with afew juniors
and only onesenior. Biologyis a prerequisite for the Environmental Science course. The
majority of the students passed biology thefirst time aroundas freshmen.

The Environmental Science courseis offered as another choice for students who may not be
headed to a 4-year university, or who want to take chemistry or physcs as juniors or seniors. The
course satisfies the California phydgcal science requirement for graduaion, and qudifiesasalab
science for admission into the California State University system (althoughfor University of
Californiaadmissionsit is considered an elective.) Thetopics covered in the course indude

First Semester Second Semester
1. Founddionsof Environmental Science 7. Soil & Soil Dynamics
2. Internd Earth Processes 8. Land& Water Use
3. Atmospheae 9. Enegy Resources
4. Oceans 10. Pollution
5. Ecosystems & popuktions 11. Globd Change
6. EM spectrum 12. Economics & Policy (time permitting)

ClassroomImplementation

The Clean Energy unit is comprised of two oneday class sessions oneon genera energy
issues and the other on solar technologies, plusatwo-day lab in which students condruct
nanoaystallinesolar cells. Theteacher in this study chose to do thefull, four-day progression.

On day 1, the students completed the pretest at thebeginning of the class period. Theteacher
then presented theintrodudory slides and led a class discussion on globd energy issues, top
world problems asrelated to energy, and the need for alternaive energy sources. Following the
dide presentation and discussion, students completed theinitial ideas worksheet in class.
Following completion of theworksheet, students were given areading homeworkba shott,
energy-related article from Scientific American and assodated workshest.

During the dide presentation, theteacher used the accompanying teacher notes and prompted
her students with engaging questions She commented tha her students were Qpretty engagedO
during the presentation, enoughso that she didn®find it necessary to play the enbedded videos
of Richard Smalley presenting onthetopic of energy. In therare ingance when shedid play one
of thevideos observing NanoSense team membersfelt tha the content of thevideo was
somewha difficult to make outin the classroomdueto soundqudity and use of some
sophisticated words This observation has prompted the NanoSense team to rethink theuse of the

! Depending on the particular measure implementedBEpre/posttest or initial ideas worksheetBEthe sample size varied
based on the number of students that were present during a particular day and/or who handed in their materials.
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Smalley videosin the presentation, perhgpsudng fewer videos requiring highe qudity, and
making sure a manageable number of conaepts are bang presented during any paticular clip.

Theteacher commented that shefelt tha the homework-assigned Scientific American article
would be hard for her students to follow because it used vocabulary tha was at too high of a
level. She asked them to list vocabulary wordstha they didn't know onthe reading worksheet so
tha she could better undestand wha terms they were unfamiliar with 2

On day 2, theteacher presented the second dide set (on solar energy) and led aclass
discussion on solar energy and technologies. Theteacher commented that in general, thedides
contained too much text, which prompted her to edit the dides to indudeanimated bullets so tha
ideas appeared oneat atime. Shefelt theanimated bullets allowed her to better focusthe
discussion.

When asked how shethoughtit went, theteacher felt that the class session was Chit and
miss,Obut the students had more undestanding of the material than shethoughtthey would. She
felt tha the students seemed rather engaged in thematerial, butwasn®sure that they undestood
the science well. Noting that her students had not yet taken general chemistry, shewasn®sure
tha they all knew what an electron was, suggesting the need to reinforce undestanding of atoms,
ions and other basic particlesin the Clean Energy materials. On thefirst day, onestudent
exclaimed tha this class was QlepressingQ(regarding theworld energy situaion). The second
day, theteacher felt that the students were more engaged and excited by the prospect of solar
energyPRIuring the dide presentation on new solar technology, the student who was QlepressedO
thefirst day exclaimed Q'm going to do thé, I'm going to save theworld!O

After the second dlide presentation, the teacher read throughthelab with her students, each
taking aturn with aparagraph and asking and answvering questionsafter each page On days 3
and 4, the students conduded the nanoaystalline solar cell lab. Theteache noted that shefelt
theinduded directionsin the stodk lab kit needed consderable smplification for her students.
Sherewrote thelab ingructionsas ashorter list of Qo doCstepsto fit her studentsOlearning’.
Data sources to measure student learning’

1. Pretest-Podtest. Prior to starting theunit, students completed a short (10-15 minute)
pretest on energy issues, energy sources, solar cells, and clean energy. Students also
completed an identical test approximately 2! weeks after completion of the unit.

2. Initial Ideas Thisworksheet asked students to write down ther ideas aboutenergy
sources and clean energy before theunit began and to rate thar certainty in these idess.

3. Swudent Notecards Students were given blank index cardsto write down ther questions
and GhaOmoments during the course of thelessons

Pretest-Pogtest

To measure student learning during the course of the unit, a repeated measures test was used.
The pretest/pogtest congsted of four questions The following four questionswere based directly
onthe content and learning gods of theunit and were administered to studentsin a paper and
pendl format. Students had approximately 10 minutes to complete each test. The sample size for

2 |In response, the NanoSense team has created their own energy reading, including a comprehensive glossary, which
was included in the next release (April 2007) of the Clean Energy unit.

% Her rewritten lab was adapted by the NanoSense team and included in the April revision of the Clean Energy.

* Aspart of ahomework assignment, students also read a short Scientific American article on the reality of global
warming and completed a vocabulary worksheet created by the teacher. We did not analyze this worksheet data
since the reading has since been dropped and replaced with a new reading developed by the NanoSense team.
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the pretest-pogtest combinaion was 19 students. Thetest were scored usng thefour-point scale
shown in Chart 1.

Chart 1. Rubric for Scoring Student Responses

1 2 3 4

No Understanding | Limited Basic Understanding Solid Understanding
Understanding

Comments are Comments use some Comments use relevant Comments use

absent or relevant terminology terminology and are mostly relevant terminology

irrelevant. but many assertions accurate, but the overall to provide an accurate
are inaccurate or explanation is incomplete or and thorough
incomplete. contains some inaccurate explanation of the

statements. scientific concepts.

For thefour questions the depth of undestanding of the pertinent science content isinferred
based on the observable descriptors described bd ow each heading. Below each test item is
andyzed in detail. A scoringrubric was developed to capture changesin student responss
between the pretest and podtest®. Changes in student responses between thetwo testing sessions
are discussed next.

Question 1: List three global energy issues that you knowaboutand provide two or three
sentences describing each of them.

Theresults of this question indicate a postive

Question 1: "List Global Energy Issues™ shift in studentsQundestanding of what some of
2 thetop energy issues are in theworld today.
However, it seems tha a subgantia number of
students completed the unit with only partial
undestanding of globd energy issues, and tha 4
e | ourof 19 students still had no undestanding of

) "1 these issues after theunit. We expected the
results on this question to be more postive, since
] asubgantial percentage of theunit focuseson
|

Number of Students
@

~

globd problems and howthese tie into energy.
We plan to review the Genergy issueOparts of the

unit and determineways to improvethis area
Oneideaisto provide additiond question slides during the Day 1 PowerPoint presentation,
alongwith additiond teacher notes, to suppot a more directed class discussion on globd
problems and thelink to energy. Another isto have students bring in a newvspaper or magazine
article to share with theclass.

® In the analysis of the pretests and posttests, one student's scores were dropped due to an irregularity in the data.
This student had (by far) the highest score in the class on the pretest (13 our of 16), but handed in ablank posttest.
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Question 2: List whatyou think are three of the top energy sources currently used in the world.

12

10

Number of Students
()]

Question 2: "List Top Energy Sources"”

1 2 3 4

Rubric Score

Pretest
M Posttest

Responges to the second question suggest a
fairly strongpostive shift in studentsO
undestanding, butthere still seemsto be
confuson aroundwha an energy sourceis
(e.g.cod, sun)andwhat it is conveated into
(e.g. electricity). In ourrevisons we will
elaborate theideatha there are many
potential energy sources such as cod, oill,
gas, wind, water, and sun. These sources are
harnessed and conveted into more directly
usable forms (e.g. convating chemical
potential energy from cod into electricity).

Question 3: Explain what you knowabou solar cells. Indudea diagramwith wordsthat shows
howyou think a solar cell works.

T = = =
o N iS o

Number of Students
@

1 2 3 4

Question 3: Explain What You Know About Solar Cells"

Rubric Score

Pretest
M Posttest

Few students undestood how solar cells
work prior to engaging in the unit, and while
responss indicate a mild postive shift in
studentsQundestanding, many students
walked away fromthe unit still withouta
clear undestanding of how solar cells work.
In some cases, students described surface
details of thenanoaystalinelab (e.g. the
appaatus thelayers of thecell they had to
condruct), but seemed to notundestand the
actud mechanismsinvolved in solar cells.
Thisingghtwill be used to revise the parts of
the Clean Energy unit where the mechanisms
of solar cells are discussed. Note that
animationsof how silicon-based solar cells

and nanoaystalline solar cells work have been developed since the conduson of thisinitial
implementation study, and are induded in latest release of theunit. During his May 2007site
visit, Larry Woolf also provided some excellent suggestionson how to address thisissuein our
revisons
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Question 4: Besides solar energy andthetop energy sources you listed in question 2, provide
two exanples of other (alternative) energy sources that you knowaboutwith a short description
of each.

Theresults of this question highlighttha
many students had little undestanding of
whd alternative energy sources were before
theunit, but tha many developel a sense of
at least oneor two types of alternaive
energy sources. Note that while the unit

e | NIQHlights aterndive energy sources such as
mrostest | \Wind energy or hydrodectric energy, the

I major focusonthe unit is on discussing solar
I energy and solar technologies.
: B t
1 2 3 4

Rubric Score

Question 4: "Describe Alternative Energy Sources"

-
o

-
IS

-
N

-
o

)

Number of Students
@

IS

N

Initial Ideas
On day oneafter theintrodudory sides were presented, students were asked three questions
oneaboutthetop three sources of energy in theworld today, oneaboutcharacteristics of clean
energy, and oneabout current and future clean energy sources. StudentsCanswers to each
question were rated on the same four-point scale as used for the pretest/podtest (see Chart 1).
For thethree questions thedepth of undestanding of the pertinent science content is inferred
based on the observable descriptors described beow each heading.

Question 1: Whatare the top three sources of energy in theworld today?

For this question, the mgjority of studentslisted at
least onecorrect top energy source, fossil fuds
(induding cod, oil, natura gas). Common responss
other than these top three were alterndive energy
sources such as solar power, water (hydrodectric),
and wind. These student responses suggest tha many

. students are aware of some top energy sourcesin use
today, butare not clear asto what extent aternative
J l energy sources (induding al'so biomass, nudear) are

inusein theworld.

"Top Three Energy Sources" Initial Ideas

Number of Students
£

Rubric Score



Schank, SRI Internaiond NSF-IMD Grant#0426319

Question 2: What are some charaderistics of clean energy?

Studentsin general had ahard time listing
characteristics of clean energy sources. Frequent
answers for this question induded alisting of
alternative sources rather than thar characteristics,

* suggesting tha students either misundestoodthe

. question or were not sure wha Qxlean energyO

6 actudly means Inourrevisons we will clarify

. what is meant by Qrlean energyOand Gilterndive
N B

"Clean Energy Characteristics" Initial Ideas

Number of Students

sourcesOand also note that no source is perfectly
clean if you congder the entire manufacturing
process, from cradle to grave. For example, solar

~N

pands may not produe greenhou® gases during
opeation, butgreenhou® gases may bereleased during the process of manufacturing solar
pands.

Question 3: What are some current and future clean energy sources?

Half of the students answering this question had a
clear sense of aternaive energy sources such as
solar, wind, and hydro. In tandem with thefindings
i of Question 2 above we may want to provide more
HE backgroundinformation for students onwha clean
: and aternative energy sources are (solar, wind,

i, J biomass, nudear, and others) and howthey are used.

Rubric Score

"Current and Future Clean Energy Sources" Initial Ideas

Sudent Notecards

As pat of our daa gathering strategy during the classroomimplementation of the Clean
Energy unit, we handed out two kindsof index cardsto students. White cardswere used for
students to write down thingsthey fourd confusng or had questionsaboutduring class; yellow
cardswere used for sharing Qight bulbOor GehaOmoments. Students were asked to fill outthe
cardsat any point during the unit and cardswere collected at the end of each day.

We received atotal of 24 question cardsand 13idea cardsonday 1, and 19 questionscards
and 9 ideacardsonday 2. Note tha cardswith text tha was incomprehensble were | eft out of
theandyss. The questionsand ideas were compiled into categories, shown bdow. (We may also
use such questionsto create a FAQ to accompany the unit.)
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Question Card Topic: Introdudion to Clean Energy (Day 1)
Use of fossil fuds/nonrenewables
How much oil dowe use every year?
Why do we till use nonrenewable sources?
Wow bwe arein trouble!!!
If weuseupal theoil then wha?
How did we start making everything rely on energy?
Why do we have to bum fossil fuds? Wha would happen if we didn@?
Wha would happen if we didn® have renewable resources?
* Can naura gasesbeeiminaed if we useit too much?
| Alternative energy sources
* Wha isan dternaiveto fossi| fud use?
*  Wha are some counties who use turbines and generators to produce electricity?
*  Wha isthescientific name for wind power?
*  Wha isbiomass? Why do we need biomass?

| Solutions
* Canacar beinvented tha uses CO; in theatmospheae and turnsit into energy to runthe
car?

Why don®scientists find away to solve the energy problem?

Wha are some counties who use turbines and generators to produc electricity?

Why can®every building have asolar pand so we can save some energy?

|sthere another way cars could work withoutoil ?

Isthe energy issuegoing to be solved within the next 80 years?

If al of theoil isused, can we use nudear to produwce energy?Isit safe?

Couldn®we use the ocean waves to produce energy?

| read tha thereis a car that was invented tha works with water ingead of gasolineBcan

tha beposible?

* Could it be possible to have someoneturning the turbines? Why or why not?

«  Why doesn®the govenment jus stop usngfossil fuds and start working on less harmful
energy sources (like water or wind)?

| Effects onthe environment/Globd warming

«  Won®it begoodif theworld@fossil fuds get depleted? Won®it save globd warming?

* How can we stop globd warming withoutaffecting our life routines badly?

| Miscellaneous

* Wha if al theanimals die?

Can an idand sink? (6 students asked this Breferring to Hawaii?)

Why is democracy a globd problem? How does ademocracy related to the environment?

If al theanimalsdie, dowe al die?

If we use therainforest to get ourwood then wouldn®tha be resource depletion?

Can you solve energy problems or can they get worse?

Even if we reduce how much energy we use wedl still completely deplete it later. What

will happen then? A depression?

10
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Review of theday 1 questionshighlight studentsOinterest in solutionsto energy issues. More
specifically, even thoughtheday 1 Clean Energy materialsinduderelatively little material on
potential solutionsto globd energy issues, a consderable number of students were interested in
ways to address our energy problems. A fair nunber of students were aso interested in the
guestion of why we are so dependent onfossil fuds. We may indudemore information on these
topic in thefuture.

Question Card Topic: Sokr Energy (Day 2)
Making of Solar Cells
*  How much are solar cells? How much do they cog to make? Why is silicon so
expensve?
*  Why are solar cells so hard to make?
| Use/Application of Solar Cells
*  Why arethesolar cellsin Texas mogly?
* Howistheenergy used from solar energy?
* Wha isananoaystalinecell?
«  Why can®we just have solar pands on every hous? Why not cover every roof? How
much would it cog?
*  Why don®we jug cover states with solar pands?
¢ Why don®we putthe phobvoltaic pandsin the desert?
Why don®we make solar powered carsin hotplaces? Carswith phobvoltaic solar cells
to power thecar.
How do solar pandswork?
Can asilicon-based solar cell chargean ipodif placed on the back?
Will solar energy work as efficiently in thewinter asit doesin the summer?
Why can®people use sunlightto drive car and stop using oil to drive cars? | know some
people use sunlightto drive thar car, butnat all people! And people use oil to drive thar
car, itispollutingtheair, butif people use sunlight, it will nat pollute theair.
| Miscellaneous
* If movingair turnstheturbines to create electricity, then is tha howwindmills work?
When wind blows to movethewindmill istha how energy/electricity is made
*  Wha isthylakoid?

Review of theday 2 question cards highlighta handful of interesting student inquiries. First,
students had a consderable number of questionsregarding how solar cells can and are bang
used. In particular students seemed interested in the use of solar cells as pat of an energy
solution. We plan to indudeadditiond suppotsintheday 2 materialsto provide students the
oppotunity during theclass discussion to share these idess.

A few students aso had questionsregarding how solar cells are made and why they are so
expendve and difficult to manufacture. We may add more information on these topic in the
dides, theteacher notes, or both.

One student expressed a misconaeption aroundGolar cells beéing mogly in Texas.OThis
misconaeption was mog likely prompted by a patticular dlidein theday 2 PowerPoint dides tha
shows an example of solar pands beng placed over a percentage of the United States. We will
explore aternative representationsto reduce such confuson.

11
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Thefollowing table shows responses on notecards where students expressed thingsthey
know and/or thingsthey foundinteresting (GhaQ in the Clean Energy unit.

Day 1: Introduction to Clean Energy

Day 2: Solar Energy

Globd issues
* Enegyisthe#1 problem today.
e Enegyistheworld@topissue
* Weareintrouble!
Pollution/Environment
* Fossl fud (buming) cause pollution
* Globd warmingis hgppening
Energy use
* All laptopsand microwaves use up alot of
energy and lightbulbs
* 1000barels of oil every secondisbeang
used.
* Enegy #1 source.
* Microwaves usesalot of energy than a
light bulb.
* A laptop and playstation takes less than
twice thetime than a microwave
General comments
e  (DiseaseOwas number 7.
* Theenegy sourcestha we areusng are
nonrenewable.
* Democracy to berelated to environmental
problems.
* Fissonisnudear power.

Characteristics of solar energy

* Solar energy isenergy fromthesun.

* Clean energy does not pollute.

* Solar pands are expensve.

*  Weget energy directly fromthesun.

* Photovoltaic cells generate
electricity.

Solar cell/pand applications
Solar cells are usd to heat water.

e Put stuff onour backpacksto
geneate our cellphones and stuff
like tha.

* Carswith phobvoltaic solar cellsto
power thecar.

* Put solar pandsonthe Sahaa
Desert.

*  Weshould putsolar cellsonour
backpacksto generate our
cellphones and stuff like tha.

General comments

* TheUnited States use 25% of

world@ energy.

In genera, student comments spanned awiderange But it is somewha surprising that there
were no comments on nanoaystallinesolar cells and/or the specifics of nanotechnology as
applied to energy. Therevised unit indudes more focus on how nanoaystaline and traditiond
solar cells work, througha Flash animation and a new reading. Based on owr May 2007 site visit
with Larry Woolf, we are also revising the unit to better motivate why we want to use
nanoaystalline solar cells and why they are designed theway they are (i.e., incorporating an
engineering design perspective). These changes will hopéully evoke more Geha®0rel ated to the

specifics of solar energy technology.

Sunmary

The use of pretests/podtest, initial ideas worksheets, and student question and unde'standings
notecardsas part of ouwr initia Clean Energy implementation study have provided information on
student learning and a number of ways we can improvethelearning oppotunitiesin theunit.
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Below isalist of changes to the unit we plan to make based on these findings which will be
implemented in the next iteration of the Clean Energy unit.

e Improvethe Genergy issueOparts of theunit.

* Addgreater emphasis ontheneed for efficient and cog-effective ways to harness the
energy from clean energy sources.

¢ Add greater emphasis on the @onveasionCand OnfrastructureOaspects of electrical

energy.

Expand the discussion of the mechanisms of silicon-based and nanoaystalline solar cells

Increase discussion of alternative energy sources besides solar.

Indudesuppots for student discussion and reflection of potential energy solutions

Provide greater enphasis on basic definitionssuch as @lean energyQand Qilternaive

sourcesQ

 Indudeadditiond information on theworld@ dependency on fossil fuds.

* Providemore oppotunities for students to discuss and reflect on how solar cells can and
are currently being used.

* Indudeinformation on how solar cells are made and why they are expensve/difficult to
manufacture.

* Clarify theday 2 dide showing solar pands placed over the state of Texas.

 Indudemore specific information and discussion points on anoQtopics such as the
importance of surface to volumerratio.

Finding 3: Results of the Nanoscience L earning Goals Workshop

Forty-three participants attended the workshop, representing arangeof roles (e.g.,
nanoscientists, nanotechnologists, science educators, informal educators). Over thethree days,
paticipants worked in small groupsto identify and elaborate big ideas and learning gods,
reached conensus within theworking groups and then (with alot of discussion and debate)
reached consensaus across theworking groups Thebig ideas tha emerged from this working
meeting indudethefollowing:

* Size andscale: Conaepts of size and scale form the cognitive framework used to make
sense of nanoxcale phenomena

* Particulate nature of matter: All matter is compased of atoms.

* Domnantforces. Theforcestha goven interactionstend to changewith the scale of the
objectsinvolved.

* Propeties of matter: The properties of matter can changewith scale. In paticular, asthe
materials approach the nanoscale in size, they often exhibit uniquefundiondity and
propeties. The source of these unique propeaties may be surface-or bulk-related.

* Modds. Modds hdp usundestand, visudize, predict, hypohesize and interpret data about
naural and manufactured nanoxcal e objects and phenomena, which by ther very naure are
too small to see.

* Tools: Recently developed tools allow theinvestigation, measurement and manipuation of
matter, leading to the development of new undestandingsand creation of new structures.
These tools drive the scientific progress in nano<cal e science and technology.

* Technologyandsodety: Nanotechnology is driven by the processes of science and
engineering to solve problems. The produds of nanotechnology may impact our livesin
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both postive and negdive ways.

* Sdf-assembly: Unde certain conditions some materials can spontneoudy assemble
themselves into organized structures at alower energy state. This process provides a ussful
meansfor manipulating matter at the nanoscale.

Each of these learning gods was elaborated (Why isit abig idea? Wha are the core science
conaepts and prindples behind the big idea?), contentiousissues were recorded, and theideawas
expandal into 5-10 specific learning gods for middle school and high schod. A group Wiki was
created at https//wiki.sri.com:18004display/NanoLearningGoads/Home where each working
group continued elaborating thar learning gods, linking them to naiond standads and
indicating where linksto the standardsdo nat exist. Below we summarize oneexample learning
god onthepropaties of matter:

Big idea: Propeties of matter can changeas you approach the nanoscale [and through
thenanoscale].
Assodated learning gods:

1. By theend of 9-10" grade, all students will know and undestand tha the
characteristic propeties of matter can changewith particle size as you approach
and go throughthe nanosale.

2. By theend of 12th grade students will know and undestand that

a. thesurface area-to-volume ratio increases as particles become smaller. As
aresult, thefraction of theatoms that are on the surface increases, and
surface-related propeties become more important as a paticle@ size
approachesthenanosale.

b. tha uniqueshgpes and structures occur at the nanoscale, leading to unique
propeties.

After thelearning gods (and recurring themes) were vetted by our workshop participants,
they were shared (for feedback) with nanocience educators and middle school and high school
teachers and participants in the 2007WorkshoponK-12 & Informal Nanoscale Science and
Engineering Education. See Krajcik et. a (2007)for an elaborated report on thebig ideas and
learning gods identified from theworkshop. This report will aso bereleased as an NSF
monogph written for teachers, administrators, and policymakers. Future work indudes
developing potential learning progressionsand obtaining research evidence for thelearning gods
and learning progressions

Finding 4: Participant Evaluations of Nanoscience L earning Goals Wor kshop
Participants were asked to complete aworkshop evaluaion survey at theend of the
workshop. Thefull survey is available in the Exhibit 8. Nineteen completed surveys were
collected, and participant respons are summarized bdow. Generaly, paticipants:
* thoughttheworkshopwas very well organized
* thoughttha weidentified thebig ideas in nano<ience, and tha it was a goodfirst
step to bring new science conaepts to the K-12 curriculum
» felt we needed to do more work unpaking theideas and aligning with standads
* redly liked the produdivity of theinterdisciplinary working groupsinterspersed with
whole-groupdiscussion

14
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* wanted even more time (even while the secondday gotabit long)

* wanted more biologists, cogntive scientists, and K-12 teachers there
* suggested next stepstha aligned with our existing plans

* thanked usfor agreat experience

Question 1: Whatis your primary role?

Mog survey respondents were science educators or scientists, butawiderangeof roles was
represented, as shown in Figure 2. (Gende figures are for all paticipants, nat jus thoe who
returned the survey.)

Chart 2: Learning Goals Workshop Participant Demographics

Roles Gender

=
=

Science educator
Nanoscientist
University faculty
Physicist
Chemist
Postdoc
Biologist
High School teacher
Graduate student
Industry representative
Policy maker
Other (science education research/evaluation,
science museum exhibit developer, earth science)

* Note tha participants often reported multipleroles.

Female 18
Male 25

S| INWWww(o N

w

Questions2-10: Rate howstrongly you agree with the following statements

Participants were asked to indicate how strongly they agreed with thefollowing statements,
onascalefrom1, strongly disagree, to 5, strondy agree. Thevast mgjority of ratingswere
postive, asindicated by themean ratingsusudly falling between agree and strongly agree.

Chart 3: Summary of Workshop Ratings

Mean Max Min N
2. The workshop was well organized. 4.61 5 4 18
3. The workshop met my expectations. 4.33 5 4 18
4. Presenters communicated effectively. 4.53 5 3 19
5. The content presented was of value to me. 4.47 5 3 19
6. The working sessions were of value to me. 4.68 5 3 19
7. We identified the big ideas in nanoscience relevant to 4.21 5 3 19
K-12 education.
8. The workshop was a good first step to bring new 447 5 3 19
science concepts into the K-12 curriculum.
9. The workshop was helpful in showing how nanoscience 3.72 5 2 18
ideas relate to current ideas that are in the standards.
10. We made good progress in unpacking all of the ideas 3.83 5 2 18
associated with the big ideas.
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Question 11: Whatdid you like best or find mos useful aboutthe workshop?
The mog common respon related to the produdivity of theinterdisciplinary working
groupsinterspersed with whole-group discussion. All respongs are shown beow.

All theworking sessions 5-8 people in each groupis the pefect amounb®ery
produdive.

My collaborative working groupswere great. We accomplished a great deal and because
they were interdisciplinary | really learned alot.

| liked the debates that occurred amongthewhole groupthat really shed lightonthe
important chadlenges that exist to really incorporate nanostience into K-12 curricula
Interacting with a stimulating mix of persongbackgrounds

Colleagues.

| founddiscussion with professionds from variousdisciplines ussful in clarifying key
concepts for size and scale as it applies to nanoscience.

The chance to spend enoughtime dealing with atopic to get somewhere.

Jo Ellen was in our group and hdped usgroundconaepts to standadsfromthe
beginning. Diversity of thesmall group. Havinglong time intervals to braingorm.
Exchangeof idess.

Connetions| madewith othe scientists and educators.

Workingin small groups

Cross-discipline representation.

The extengve small-groupwork interspersed with whole group discussion. Particularly
hdpful was thevariety of perspectivesin my small group.

| thoughtthe free exchangeof ideas was oneof the conference highlights. Workingin
groupsaso encouraged debae and exchange

Thediscussion®ioth small groupand large group.

Thewideinteraction with people from different fields

Question 12: What changes would you make to theworkshopto make it better next time?

Common responses induded inviting more cognitive scientists, biologists, and K-12
teachers, and even more time (more than our 3 days) for workshop activities. Participants were
so engaged tha they voluntarily stayed after the official end of theday in order to participaein
whole- and small-groupdiscussions All respongs are shown bdow.

More time? Better strategy for followup and completion of theworkshop tasks.
Indudecognitive scientists and K-12 teachers.

| think having groupsthat were more diverse in the sense of having ascientist, a
cognitive expert, an educator, a teacher, etc. Thismay assist in making tackling the
problem more cohesive and inputfrom different fields (in a structured way) should be
more successful.

Indudecognitive scientists.

Invite cognitive scientists, invite master teacher(s).

| would have liked to have been more involved in other groupgdiscussions Maybe more
time to report, discuss, get feedback on each others results on the second and third days.
First day report outwas enoughtime since we only had the big idea at tha point.

If it would be possible to do the braingorming before the meeting, we might be able to do
some additiond preparation and be more focused.

Follow-up procedures to refine statements based on feedback from large group.
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*  We needed more timeto discuss the variousconcepts that we identified as small groups
We also needed more time to discuss them as alarge groupand try to reach aconsensus
on condensng conaepts to 2-3 key conaepts.

More focus

Projectors or printers on hand to see immediate versionsof our working doauments.
Invite cognitive scientists. Invite K-12 teachers! Students to get ther voice.

Could indudescience teachers and cognitive scientists as participants.

Theentire workshopwas very well organized. Theonly comment | had was to maybe
have students invited next time for more diversity.

Question 13: Whatwould you suggest that we do with the outcomes of this workshop?What next
stepswould you like to see?

Common respongs for this question aligned with our intended next steps which indude
summarizing our work, vetting it with the group, and then vettingit with a broader audience,
induding K-12teachers. All responses are shown bdow.

* Full writeup. More discussion and vetting of learning gods.

* Get feedback/inputfrom teachers, others.

* | think tha some of theideas presented are good,but many are still primitive. The
paticipants made tremendouseffort in developing big ideas and we should take it upon
ourselves to finish thework here. Thenext step isusng our work to modify or write new
benchmarks/standards

* Shaewith theparticipants for feedback. Share with larger community of interested
people, induding classroomteachers. Solicit interested individuds for collaboration on
research on pieces of interest. Design and test curriculum for different aspects.

e Compile and vet to this group. Massage and vet to colleagues. White paper. Use to guide
curriculum development nat only for 7-12 but bridge to undergrad courses (progression).

| would like to get copies of al of the group<big idess and learning gods.

* Conolidae and definetheresults and do some give and take with participants online

* | think the next stepsaready described are ambitiousand will bevery valuable to the
field.

* Findizethevariousconoepts and open it to thewhole community to reach some
agreement on the key concaepts to incorporate in middle and high school education.

* Get buy-in from other nano groups

* Vetting, reworking, publishing/dissemination.

* Runthese standadsby K-12 teachers and/or students to see wha they thinkbi.e,, initial
reactions

*  Present doaumentsto other content experts and teachers for critique Get feedback and
then publish.

* | would like to see/have a copy of the Word doauments of each of the break-out sessions
Maybe available throughCLTNet web site?

Question 14: Any additional comments or suggestions?
Mog responges thanked usfor theworkshop experience. All respongs are shown beow.
* Dynamic, engaging discussionstha were fruitful.
* Thankyoul!
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* Maybeyou could throw some handson activities into the workshopjud for fun, andto
mix it up a bit.

This was a great experience. Thanksfor induding me.

Not clear how the partsfit together or whether there are holes between thefind topics.
Thanks

Secondday was too long (esp. when expected to work throughlund).

There was an absence of biologists. | think that indusonin further meetingsis necessary.
Nice job with hotels, meals. Could focus on @vorkOwithoutcares aboutlogistics!

| really enjoyed theworkshop | don®have strongcontent knowledgeat al andlearned a
great deal duringthe course of theworkshop.I thoughtthe whole groupinteracted well
togdher and | realy enjoyed working with members of my small workgroup.

Finding 5: Evaluation of Dec 2, 2006 Wor kshop for High School Teachers

Participants were asked to complete aworkshop evaluaion survey at theend of the
workshop. Thefull survey is available in the Exhibit 9. Twenty-two teachers pre-registered, 18
teachers attended, and 17 completed surveys were collected. Participant responss are
summarized bdow. Virtudly al of the participants reported tha the workshopwas worthwhile
and well organized, tha the NanoSense materials were relevant to the classes they teach and they
plannal to use thematerialsin thar classes, and that they wanted learn aboutfuture NanoSense
professiond development oppotunities.

Teache Demographics and Badkground

Eighteen teachers from 15 different schools attended theworkshop. All of theteachers were
from the San Franasco Bay Area, mog within 20 miles, but some came from as far away as
Marin and Santa Cruz. Eleven attendess were women, and 7 were men. All but oneparticipant
taughthigh school, onetaughtgrades 7 and 8. Physics, chemistry, biology, and integrated
science were the mog frequently taughtsubjects, but earth science, science research, and
physology were also represented (see Chart 4).

Chart 4: Teacher Demographics

Grade Level Taught Courses Taught Gender
Number of
Grade Teachers* Biology 5 Female 11
7 1 Physics 6 Male 7
8 1 Chemistry 7
9 9 Integrated/Gen Science 5
10 12 Earth Science 2
11 11 Science Research 2
12 13 Physiology 2

* Note tha teachers often taughtmultiple gradelevels.

Participants had, on average 8 years of teaching experience, ranging from 0 yearsfor one
participant who was currently in school to get his credential to 26 years for a high school physcs
teacher. Mog participants had no previousexperience with nanosience. Thethree teachers who
reported some backgroundmentioned (1) reading Prey by Michael Criton, (2) takingamiddle-
school workshopfrom the Center for Probing the Nanoscale at Stanford, and (3) attending two
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workshopsat the Exploratoriumin San Frandsco. The mos common college majors represented
were biologylife science, chemistry/biochemistry, engineering, physcs, and psychology,
respectively (see Chat 5).

Chart 5: Teacher Background

. Previous Experience with .

Years of Teaching Nanosgience? College Major
Mean 8 Yes 3 Chem/Biochem 5
Median 6.5 No 14 Biology/Life Sci 8
Min 0 Physics 2
Max 26 Engineering 4
Psychology 2

Workshop Feedbadk

Overall, paticipants liked theworkshop,foundit interesting and a gooduse of thar time. A
breakdown of responss to specific questionsis shown in Chat 6, and written responsgs are
summarized bdow.

Chart 6: Summary of Workshop Feedback

Yes Somewhat No No Response
Did you find the workshop worthwhile? 16 1 0 0
Was it well organized? 16 1 0 0
Was the content of value? 15 2 0 0
Were there ideas or concepts that were
confusing or needed further explanation? 1 6 9 1

Regarding what ideas or concepts needed further explanation, participantsQresponses
induded arangeof logistical and content topics, but a couple of teachers specifically mentioned
wanting more explanaion aboutnanofiltration and the nanogol colloids Ideas mentioned
induded thefollowing:

- Quantum mechanics was mentioned and |n barely familiar with it.

- Basic background,buttheinformation provided was hd pful.

- How exactly dothefilterswork (ceramic); dothey really get rid of heavy metals? Will
we someday see a patern to Brownian motion?How are the colloidsprodued and would
all GubsancesOdisplay this propaty of scattering light differently when findy
dispersed?

- Would like more time to discuss clean energy, clean water.

- Better idea of nandfiltration.

- We probably nesd more time on every part.

- Labd theclassroomstation, give therotation, have time for short breaks.

- Wha keepsthegold (or silver) nanopaticlesin the colloidd sugpensonfrom clumping
together? Are Van der Waal & forces too weak?

What did you learn todayaboutnanosale science that you didn® know before?

Teacher responses ranged widdy, butinteresting, relevant applicationsand nanoscale
properties were often mentioned:
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1t@ used for physologyN ddivering drugs findingtumors. | foundthesize scale of
familiar objects to beinteresting: it left much potential to manipulate objects and
microorganisms on anano-level.

Pretty much everything.

| learned that | could use nanotience concepts to make the physcs content that | teach
more interesting to my students by providing visuds and demondrations

Nanogience isanew frontier of investigation with applicationstha will impact every
individud.

The 4 reasonsfor propety changes: SA/V ratio, quantum effects, EM effects, Brownian
motion.

| learned aboutnanoscale-related technologies tha affect our sodety at levels highly
relevant to our students, such as clean energy.

| have to modify descriptionsfor elemental propetiesto address propety changes of
nanopaticles.

That GtuffObehaves differently onasmall scale as compared to bulk amount.
Sunscreen lotionsare molecular screen blocking UV. Scanning probemodd.

Pretty much everything :) Scales, uses and specific activities for the classroom

Where and what areas of research that can be made QangibleOfor teaching high school
students.

Changesin behavior/interaction with light changes with size of particle of materials such
asgold. Thegeneral conaepts were familiar to me but it@ goodto bereminded and to
have information organized aroundthis particular theme.

Perhaps more awareness of the effect of arearedudion as a nano effect and how it can be
carried into truly nano size situaions

Applicationsin so many different areas. Activities| can doin class.

| didn®realize tha there is some topics that | (we) teach in biology that is hanostienceO
such asDNA, etc.

Varying colors of gold and silver, dependent uponsize. Wha nanotubes are. Differences
of behavior between macro vs. nano particles.

What questions if any, do you have aboutteaching or unde standing nanoale science?
Mog teacher responses focused on howto fit nanoscience into the current curriculum,
communicate with other teachers, and to get additiond materials and equipment:

None | think it can beintegrated into many of the CA science standads

How can | get in toudh with phydcs teachers that are usng the nanoscience conaepts tha
were introduced today?

How to make it interesting/relevant to younge (7"-8" grade) students. How to hep
students undestand the scale.

Seems like agreat urit to tie other concepts togetherN more of an application of
technology than science?

| would like to have seen comparisonsto cotton fibers, human har, and spider webssince
nanofibers are topical items for discussion.

My greatest concern is availability of thematerials and equipment required (some stuff is
expendve)N also time, given the present NCLB condraints.

Noneat the moment, but®n anxiousto try it out in my classroomand 1Gn sure @ have
lots of questionsthen. How do | make space in thecurriculumtofitital in?
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Since | am new to high school teaching, how and where/when incorporate into the
curriculumisaquestionfor me.

Isit possible to get copies of PowerPoints for clean water and clean energy components?
Am wrestling with questionsof where to fit nanocience into current curriculum or
should | try to develop a stand-alonecourse.

| would like to know information on the solar cell kit.

Whatdid you like best or find mos ussful aboutthe workshop?
Teachers genealy liked the presentationsand activities, and having interesting examples of
nanoscience tha they can usein ther classroom

PowerPoint presentationswere great. Mini-labsand activities were fun, and students
would really enjoy them.

Magnétic domeins of refrigerator magneN especially the magneo-opiical film for
visudizingfields[Kyle Cole@ |ab station].

Wha was mog ussful to me aboutthis workshopwas the demondrationson UV light
and magndic fieldsthat | could useto gain my studentsOinterest.

Applicationsof nanoxcience, like clean water, UV sun protection.

Thehandson activities, geting curriculum materials to take and use in classroomright
away.

Getting ideas for activities/lessons

| liked theinter-science and inter-culture disciplines covered by the workshop.
PowerPoints and information.

Handson.

Increased awareness (enthusasm) of/aboutnanoscience.

Themodulesthat are available to bringinto the high school teaching are fantastic.

| foundmog interesting and highly relevant to teaching abouthugdy important globd
issuetheunitsin development on clear water (nanofilters) and clean energy (solar cells).
| also liked thedemo of the surface scanne sengtive to magndic fields | aso appreciate
tha this addresses reality of new science, applicationsand questionsfor which answers
may notyet be available. Findly, it@ also goodto bereminded of shifting relevant forces
ad different scales. Thankd Great topics!

It was dll great. Asaphyscist, | was particularly interested in Kyle® two magneism
works.

All theactivities. Thingswe can do in our own classroom

Thevarioushandson itemg/small labs

Got me thinking and questioning. Reminded me of demosor experiments | have doneor
know aboutalready.

What changes would you make to the workshopto make it better next time?

Teachers wanted more time or follow-up workshopsto go in-depth on some of the materials,
and made some minor logistical recommendaions(like lab rules, having ready kits, more Q& A
time, and coffeel):

(Ready kitsO have thesimple, inexpensive items for the labs given to theteachers so they
can use themin theclassright away. (Scale cards, film canisters, UV beads sticks, etc.).
More in-depth general introdudion presentation.

Make theworkshoplonge and provide more interesting physcs demondrations
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* Thankyou!
* If everythingisondisk maybe provideless pgper for us (butthen | know others would
want both)

 Althoughl liked the workshopvery much, perhagps establishing Gab rulesOamong
patners/teams to modd theteaching style mightbe useful.

* It would benice to have adifferentiated unit on nano<ience that tiesto state standads A
class project typething.

* Even thoughwe are suppo®d to be mature adults, animating the PowerPoints makes
them more fun. Jug a crazy suggestion. Otherwise, it was grezat!

e Moretimefor Q&A for lab Gtation)

e Some suggestionson possible areas (units) that would work well with GnjectingOnano.

* Break it down to several workshopsso that we can really work on each pat and know
exact wha we can use when we go back.

* Coffee, please!

* Demo thesolar cell procedure and show oneset up. For another workshop, gointo how
thesolar cellswork. | need more info abouthow solar cells work in order to know howto
implement solar cellsinto my curriculum.

Materials Feedbadk

Overall, paticipants thoughtthe materials were relevant to the classes they teach, expressed
plansto use thematerialsin ther classroom and welcomed more contact with the project. One
paticipant said that shewould like to do some lessonsas afield test, especialy making nano-
phobvoltaics, and tha shecould field test any other ones.

A breakdown of respongs to specific questionsregarding the materialsis shown in Chart 7,
and written responges are summarized beow.

Chart 7: Summary of Materials Feedback

Yes Maybe No No Response

Are the NanoSense materials relevant to the

classes you teach? 13 4 0 0
Do you plan to use the NanoSense materials in
any of your classes? 12 5 0 0

Would it be okay for us to contact you about
experiences you have using NanoSense
materials in your classroom? 15 (n/a) 1 1
Would you like us to contact you with
information about other NanoSense
professional development opportunities? 17 (n/a) 0 0
Yes Maybe

I would like to attend NanoSense teacher
meetings (about every 6 weeks, after school) 4 1
| would like to join the NanoSense group in
Tapped In to share ideas online with other
educators 13 0
| would like to be added to the nanosense-

announcements mailing list to hear about

updates to the NanoSense curriculum materials
and future events by email 17 0
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Arethere particular materials that are more relevant to your classes than others?

All of materials and activities were mentioned, induding al of theNanoSense curriculum
units tha focuson applications(Clear Sunsreen, Clean Energy, FineFilters), and the
introdudion to tools (probes) and undelying conapts (related to scale, surface areato volume
ratio, uniquepropeties at the nanoxcale) in the Size Matters unit:

* Inintegrated science, all the materials are relevant. In biology, phobsynthesis andogy

with UV beadsNl phobvoltaics, surface area and nanoscale.

* NanoSense curriculum [Size Matters?] is more relevant to my classes than the Clear
Sunsgcreen curriculum because | can better link the NanoSense curriculum to the content
that | need to teach.

* | foundit fascinaing how propeties of materials changewhen moving fromthe
macroscal e to the nanocale.

* SA/V, clean water, clean energy.

* Nanopaticles and the correspondng information is mog relevant to my classes, such as
theintroductory ideas of how paticles behave at different sizes (surface areato volume
ratio, etc.).

 Lecture materias. Need more handson stuff that is less supeficia. |3l beableto use the
Size Matters stuff but need something a bit more involved.

Thesungreen, UV stuff.

Sunsreen/UV beads Magndic probe

ScalingN number line activity with cards

Clean energyN solar/phobsynthesis, water and filters, UV, general concepts (surface area
to volume ratio).

Magndism, UV.

All theactivities are relevant.

Surface area, electron probes (microscopg).

Particle size, magnds andogy to sensng poles.

If you donotplanto use the NanoSase materials in any of your classes, what are your
coneerns?

Available time and money were the only reported conaerns by three teachers:

* Time (as aways).

* Findingthetime to inject this area

* Theactud congraints of time and money.

How can the developea's make the NanoSease materials better or more useful for your classes?
Teachers mog often mentioned having free Qeady kitsOavailable, making adaptationsand
fitting nanointo the current curriculum, and mapping to standards
e Have small Geady kitOavailable (cog less than $15)to get teachers started onusing
lessonsin theclass.
At this point, | can®answer this question because | haven®had a chance to thoroughly
go throughthe NanoSense materials. But, @ keep in touch and give you more feedback.
* Makekitsavailable. Make them free!
* Suggest adgptationsfor large-classroomimplementation or different learning modules.
* Moreformal lesson planswith objectives, materials, and assessments [these are induded
in the units butwe didn® point them out explicitly so perhaps she missed them].
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* Make them more available to cash-strapped teachers!!

* Fix thedidere: energy and combudion of cod. Give me a bit of time to practice in my
classroomthen | should have some suggestions

e Some suggestionson possible areas (units) that would work well with OnjectingOnano

* Very goodstart. Booklets, CDs, etc. are agoodresource. Guides to cheap materials and
kits when possible are good.Have time for teachers to braingorm alterndive materials or
versionsat theend of day or end of each lab component?

* If wecan ge oneset of materialsfor each activity. It will get usstarted more easily.

* Make sure they relate to CA science standards Also, need to make sure to start theidea
very smple, because many of the students will only know limited idess.

* | prefer activities tha can beinserted into current curriculum. That way | keep on
touching back on theidea of nano throughouttheyear, notjus in onelobO

If you are interested in integrating some nanogale science congepts and materials into your
classroom, what kind of suppoit would you like to have fromthe NanoSase teant?

Teachers mog often indicated tha they would want materials (e.g., kits, poders) and
someoneto cal or email if they have questions they also mentioned field trip and guest speaker
contacts, and ideas on how to incorporate the conaspts into thar curriculum:

* Jud someoneto call if | am confused aboutsomething. Maybe have introdudion

PowerPoints on DVD or video mog of usdon®have in focus projectors.

* | would liketo beableto cal or email someoneif | have questionsaboutthe materials. |
would like contacts for arranging field tripsrelated to nanoscience (companies, academic
research facilities, etc.).

* | would like to have information such as lesson plan ideas on how to incorporate these
conaptsinto my physcsclass. | would aso like to be kept informed on educationd
materials tha | could use to demongrate physcs conaepts.

Email suppot with questions

Materials? Everything else aboutlessonsseems to be providedN cool!

Material/kits provided is best. Guest speakers? Pogers:)

Lesson plans activities and experiments.

|dQike to borrow some of the expensve material.

It would begreat to have an GxpertOwhom| could call or email with specific questions
Providing materials for demog/lab?

Free kits? (In my dream world).

Where to fit nanocience into current curriculum or should | try to develop a stand alone
course.

* Email contact, we can ask questionsdown theroad. Thanks

* Info onhow solar cellswork. Info on wha the UV beadsare sengtive to.

Finding 6: Web Statistics

The NanoSense Web site has received over 100000 requests since it opened in February
2005. On average, the site receives about 125requests per day. The overwhdming majority of
referring URL s are from Google searches. Thetop search terms (often used in combinaion with
each other) are: propaties, nanoience, nano, electrical, sunsreen, nanotechnology, nanoense,
lesson, application, nanorobot introdudion, light, magneic sugpenson, materias, solar,
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absorption, powerpoint, pdf. NanoSense also appearsin thetop ten search results for
hanoscience educationQon Google (as of May 2007, isit the sixth result).

Requests for the NanoSense homepage accountfor amog 10% of web site activity, followed
by requests the overview of activities (3%), workshops(3%), and pgpers (2%). The mgority of
requests are for specific NanoSense lessonspoded onthesite, as showin Chart 8. Note tha
requests from SRI staff and web indexing robot are excludad from these andyses; that is, the
reported site statistics aim to reflect requests from legitimate third parties.

Chart 8: Top 15 most frequently downloaded materials, as of May 1, 2007

Top Downloads (SM = Size Matters; CS = Clear Sunscreen)

Material Downloads (% site hits)
SM One Day Introduction — Teacher Materials 3204 (3.5%)
SM Lesson 3: Unique Properties — Teacher Materials 3120 (3.4%)
SM Lesson 5: Applications of Nanoscience — Student Materials 2891 (3.2%)
SM Lesson 1: Introduction to Nanoscience — Student Materials 2338 (2.6%)
SM Lesson 1: Introduction to Nanoscience — Teacher Materials 2255 (2.5%)
SM Lesson 5: Applications of Nanoscience — Teacher Materials 2073 (2.3%)
SM Lesson 2: Size and Scale — Student Materials 1993 (2.2%)
SM Lesson 3: Unique Properties — Teacher Materials 1746 (1.9%)
SM Lesson 2: Size and Scale — Teacher Materials 1352 (1.5%)
SM Full unit 1990 (1.3%)
SM Lesson 4: Tools of the Nanosciences — Student Materials 1009 (1.1%)
SM Lesson 4: Tools of the Nanosciences — Teacher Materials 905 (1%)
CS Lesson 2: All About Sunscreens — Teacher Materials 873 (.9%)
CS Lesson 1: Introduction to Sun Protection — Teacher Materials 826 (.9%)
ChemSense Animator Guide 756 (.8%)
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Exhibit 7. Datafrom sunsreen experiment.

Light Reflected by Three Sunscreens
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Exhibit 8. Evaluation survey for Nanostience Learning Gods workshop.

Please help us evaluate the effectiveness of the Nano Learning Goals Workshop. Responses

are voluntary, but greatly appreciated.

Name (optional):

1. My primary role(s) are...

High school teacher
Community college instructor
University faculty

Graduate student

Postdoc

Learning scientist

Science educator

@ "0 o0 T o

2. The workshop was well organized.
3. The workshop met my expectations.

4. Presenters communicated effectively.

5. The content presented was of value to me.

6. The working sessions were of value to me.

7. We identified the big ideas in nanoscience
relevant to K-12 education.

8. The workshop was a good first step to
bring new science concepts into the K-12
curriculum.

9. The workshop was helpful in showing how

nanoscience ideas relate to current ideas that

are in the standards.

10. We made good progress in unpacking all
of the ideas associated with the big ideas.

h.Chemist
i. Biologist

j- Physicist

k. Nanoscientist

I. Industry representative
m. Policy maker
n.Other:

Strongly Disagree Unsure Agree Strongly

Disagree Agree
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5

11. What did you like best or find most useful about the workshop?

12. What changes would you make to the workshop to make it better next time?

13. What would you suggest that we do with the outcomes of this workshop? What next steps

would you like to see?

14. Any additional comments or suggestions?
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Exhibit 9. Evaluaion survey for teacher workshopat SISU.

NanoSense Workshop Evaluation for Teachers
December 2, 2006

Your feedback will help us improve our materials and future workshops. Please help us by
answering the following questions about yourself and your thoughts about the workshop.

Background
1. Your school:

2. Grades and courses you teach:

3. Number of years teaching:

4. College Major:

5. Have you had previous experience with nanoscience? Yes No
If yes, please describe:

Workshop Feedback

6. Did you find the workshop worthwhile? Yes Somewhat
7. Was it well organized? Yes Somewhat
8. Was the content of value? Yes Somewhat
9. Were there ideas or concepts that were confusing or needed Yes Somewhat

further explanation? If yes, which parts?

10. What did you learn today about nanoscale science that you didn’t know before?

11. What questions, if any, do you have about teaching or understanding nanoscale science?

12. What did you like best or find most useful about the workshop?

13. What changes would you make to the workshop to make it better next time?
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Materials Feedback
14. Are the NanoSense materials relevant to the classes you teach?  Yes Somewhat No

15. Are there particular materials that are more relevant to your classes than others?
If so, which ones?

16. Do you plan to use the NanoSense materials in any of your Yes Maybe No
classes?

17. If you circled “Maybe” or “No”, what are your concerns?

18. How can the developers make the NanoSense materials better or more useful for your classes?

Integration of Materials into your Classroom
19. If you are interested in integrating some nanoscale science concepts and materials into your
classroom, what kind of support would you like to have from the NanoSense team?

Future Events
20. We are interested in hearing about any experiences you have using NanoSense Yes No
materials in your classroom. Would it be okay for us to contact you about this?

21. Would you like us to contact you with information about other NanoSense Yes No
professional development opportunities for teachers?

22. If you answered “Yes” to either question above, please tell us your email address:

and check any of the following that apply (from high to low level of involvement):

____l'would like to attend NanoSense teacher meetings (about every 6 weeks, after school) at SRI
International in Menlo Park, CA. (You will be added to the nanosense-teachers mailing list.)

____l'would like to join the NanoSense group in the Tapped In community to share ideas online with
other educators. (You will receive an invitation by email.)

____l'would like to be added to hear about updates to NanoSense curriculum materials and future
events by email. (You will be added to the nanosense-announce mailing list.)

Thank you for your help! We hope you enjoyed today® works hop.
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