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Presentation Notes
Greetings everyone, my name is Tonya Pruitt and I am the Assistant Director of Virginia Tech's NNCI site: NanoEarth. Today I'll be discussing our approach to the integration of nanoscience and technology within Virginia's K-12 science curriculum.



Background
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Presentation Notes
To frame the talk, first I'll provide a little background about Virginia's standards.



Virginia Requirements

• Standards of Learning (SOL)
• Updated after NGSS review

• Transition period between 2010 
and 2018 standards
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Presentation Notes
Virginia, unlike many states, choose not to adopt the Next Generation Science Standards. Instead, we use our own Standards of Learning.In 2018, after a review of NGSS, Virginia revised our 2010 standards and we are currently in the transition period between the 2010 and 2018 standards. With full implementation of the 2018 standards beginning in the 2021-2022 school year.



Nano in the Standards of Learning

• PH.9 (2018) (based on PH.12 (2010))
The student will investigate and understand that extremely large and extremely 
small quantities are not necessarily described by the same laws as those 
studied in Newtonian physics. Topics, such as these listed, may be included.

• a) wave/particle duality;
• b) quantum mechanics and uncertainty;
• c) relativity;
• d) nuclear physics;
• e) solid state physics;
• f) nanotechnology;
• g) superconductivity; 
• h) the standard model; and
• i) dark matter and dark energy.

• Enduring Understandings: The study of modern and non-Newtonian physics 
can be applied in varied technological applications. The intent of this standard 
is not that each are be taught; instead, the teacher should select areas based 
on student interest and their own understandings of physics concepts.
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Unfortunately, nano is only mentioned once in the entirety of the Virginia Standards of Learning.This occurs in PH.9 the very last standard for Physics. As highlighted here, you can see that the mention of nanotechnology occurs among a laundry-list of concepts that are not required. Instead, areas are selected based on student and teacher interest.



Standards Challenge

• Physics = Optional
• High grade level
• Not required to graduate

• Nano = Optional
• Only taught based on interest

Source: https://blog.byjus.com/wp-content/uploads/2016/07/1-22.png
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The standards present a challenge.First, Physics is a high level class that is not required to graduate.Second, nano is entirely optional within the curriculum.This means that there is a very good chance that a student graduating from high school in the state of Virginia has never heard nanoscience or nanotechnology in the classroom.This is absolutely not what we want.



Approach to Nano Workshop 

Three possible approaches:
1. Focus primarily on Physics teachers (Ph.9)
2. Develop SOL-based lesson plans for 

multiple disciplines that include Nano
3. Provide a Nano foundation and let teachers 

choose how to integrate Nano into their 
current lessons
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Considering Virginia’s Standards of Learning, there are three possible approaches that we could take in designing a professional development workshop for high school teachers.Since nanotechnology is mentioned in their standards, we could focus primarily on Physics teachers.Or, knowing that all subjects have a nano component, we could develop SOL-based lesson plans for Chemistry, Earth Science, Biology, etc. that specifically include nano concepts.Instead, we chose to host a workshop that provides the foundations and nano examples that can be incorporated into the lessons the teachers already teach.We felt that this approach would be able to reach the greatest amount of teachers and therefore students.



Professional Development Workshop
In partnership with the Virginia Tech Division of Nanoscience 
undergraduate degree program
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As mentioned previously, our goal in hosting a professional development workshop for high school teachers is to ensure that nanoscience and nanotechnology are not foreign concepts to students in the state of Virginia. Our partners in the Division of Nanoscience are also hoping to increase recruitment into our relatively new nanoscience and nanomedicine undergraduate degree programs.Together, we hosted a pilot workshop in 2018, a full in-person workshop in 2019, and moved our workshop virtual in 2020 due to the pandemic. First I will discuss the details of the two workshop formats before exploring challenges and strategies.



2019 In-Person Workshop

• “2”-day workshop including 
breakfast/lunch & networking

• Continuing education credit
(16 contact hours)

• Focus on experiential learning
• Take-home laboratory supply kit
• Content

• Nanoscience faculty developed
• Adapted from: NNIN/NNCI, 

NISENet, NanoLink, etc.

Day 2, 8:00 am – 5:00 pm

Introduction to Environmental Nanoscience

Gold Nanoparticle Synthesis and Sensor Lab

Heat Transfer, Nano Fabric, Nano Sand, Kinetic Sand

Other Available Resources: NNCI, Nanooze, RAIN

Classroom Incorporation Discussion

Quantum Dot Synthesis and Characterization

Gel Electrophoresis

Encapsulation

Crosslinked Polymer

Ring Polymer

Day 1, 12:30 pm – 5:00 pm

What is Nanoscience?

Size Sorting Activity

Self-Assembly of People

Nanotechnology Products

Memory Metal

Ferrofluid Synthesis

Nanoparticles and Sunscreen

Day 3, 8:00 am – 1:00 pm

Facility Tour & Instrumentation Demo

Brainstorm & Collaborate: Classroom Incorporation
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Our in-person workshop was 16 hours spread over three days including lectures, laboratories, breakfast, lunch, and other networking opportunities.Teachers received 16 hours of continuing education credit which is necessary for their re-licensure.We focused on experiential learning with most of the content being hands-on laboratory activities.Teachers received supplies to perform several of the laboratory activities in their classrooms.The slide shows our schedule of activities during the workshop from a general introduction to nanoscience to gold nanoparticle synthesis and classroom incorporation discussions.Content was developed by faculty in the nanoscience department or by adapting content previously developed by the NNIN, NiseNet, and NanoLink programs.A quick aside to recommend that you attend Nancy Healy’s talk tomorrow where she will be talking about the NNIN developed content which is spectacular.



2019 Integration Survey

• 6 months after the workshop
• 50% response rate (8 of 16 teachers)
• 100% - added nanoscience
• Multiple disciplines & grade levels, both general & advanced 

courses
• Physics, Physical Science, Chemistry, Biology, Biotechnology

Positive Experiences
• “The lesson was well received. The students were actively engaged 

and learned new information about nanotechnology”
• “I think the real-life applications were powerful. It allows students to 

make practical connections and see that there is a real need in the 
area of nanotechnology.”

• “Students were interested in doing something with a connection to 
current technologies.”
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6 months after participating in the workshop, we followed up with the teachers to determine if the workshop was successful in encouraging them to incorporate nanoscience into their curriculum.8 of the 16 teachers responded to the survey and all indicated that they had added nanoscience.The responding teachers were responsible for a wide range of disciplines, grade levels, and both general and advanced level courses.The nano additions were well received with students being actively engaged. The students appreciated the real-life applications and the connection to current technologies.



2019 Integration Survey

Missed Opportunities
• Time

• “Have yet to have time to work more material into the curriculum.”
• “It takes a lot of time to plan and implement these changes and I wish I 

could have done more.”

• Current Curriculum
• “There hasn’t been space in the curriculum” to add new labs
• “Next time I will probably construct more connections between 

main curriculum and nano activities”

Unexpected Outcome: Beyond the attendees
• Colleagues at their school
• During district-wide professional development events
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Even so, teachers lamented that they did not have time to work on their curriculum as they had hoped.And even when they could, they had trouble finding space or connections to other content.However, an unexpected outcome was revealed when teachers described how they had shared the content and laboratory supplies with colleagues at their school and at other professional development events. Demonstrating that the nano content reached beyond those who had physically attended the workshop.



Virtual Workshop?

Image: https://www.npr.org/sections/goatsandsoda/2020/02/11/802352351/new-coronavirus-gets-an-official-name-from-the-world-health-organization

?

Virtual Workshop?

?
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And then, of course, the pandemic happened. We knew we would be unable to host our very hands-on workshop this year.We had lots of questions: Would teachers attend a virtual workshop, what content would they want, and how should we deliver that content in an impactful way?A local teacher who had attended our prior workshops was kind enough to serve on the planning committee for the virtual workshop.



2020 Virtual Workshop

• Entire month of July
• Continuing education credit

(16 contact hours)
• Mix of synchronous & asynchronous
• Mailed laboratory supply kits
• Additional focus on virtual learning tools

Weekly Synchronous Meetings

Monday – Lecture or Group Activity
• Size & Scale
• Self-Assembly (of people)
• Nanoscience and the Environment
• Careers in Nano
• RAIN Demo

Thursday – Optional Live Session
• Technology Q&A
• Memory Metal
• Solar Steam Generation

Friday – Breakout Discussions

Asynchronous Modules

Scientific Method

Encapsulation

Self-Assembly (of a monolayer)

Cross-Linked Polymers

Ring Polymers

Ferrofluids

Heat Transfer

Nanoparticles in Sunscreen

Unit Cells and Crystal Structures

Super-hydrophobicity
Technology Platforms

Zoom

Google Meet

Canvas

Slack

Assignments

Weekly Slack Post

W1: Schedule Review

W2: Resource Exploration

W3: Perform Experiments

W4: Curriculum Planning
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We decided to extend the workshop over the entire month of July interspersing synchronous and asynchronous content with weekly assignments and discussion questions.Knowing that there was a very high chance that teachers would have to do at least some online teaching in the fall, we wanted to provide an opportunity for them to experience several technology platforms that they might encounter.A huge portion of the workshop was a timely discussion of how virtual or physically distant classrooms could work for science courses. The month long format gave teachers more of an opportunity to work with each other to develop effective strategiesAnother boon of the longer format was that we were able to give assignments. One of which was related to curriculum planning to encourage the teachers to actually take time to add nano concepts and activities to their lessons.



2020 Pre/Post Survey

Reach: 16 teachers impacting over 1,130 students per year
• I am confident in my ability to teach a nanoscience 

lesson in my classroom. (28% increase)
• I am interested in teaching a lesson on nanoscience in 

my classroom. (8% increase)
• I have the resources needed to teach a nanoscience 

lesson in my classroom. (43% increase)
• I am confident in my understanding of nanoscience. 

(20% increase)
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For this workshop’s assessment, we used a pre/post-test format that was used by other NNCI sites to gauge the impact of the workshop on several metrics. As you can see here, teachers left the workshop feeling more confident and interested in teaching a nanoscience lesson and they also felt that they now had the resources necessary to do so.+1.1, +0.3, +1.7, +0.8, scale Strongly Disagree (0) to Strongly Agree (4)



“The content is excellent for providing 
cross-curricular learning 
opportunities and career 

explorations. I enjoyed how some of 
the lessons related and integrated 

math with science. This is so important 
since we, as teachers, repeatedly hear 
that trite question, "When are we ever 

going to use this stuff?!””

“Learning to navigate these online tools was extremely beneficial, especially 
given our current public health crisis and remote/online instructional plans. 

Experiencing Canvas has been extremely important since I will be having to 
train to use it in my division as well as "move" my online lessons from our 

existing Google platform into Canvas.”

“I think this workshop is a good way to learn a relevant topic in science that is 
only going to continue to become more relevant and the more teachers that 

learn this topic the more opportunities students will have to pursue a career in 
this field.”
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The responses we received to the open-ended questions were also astoundingly positive with the teachers mentioning several things that we had taken particular care to try to include in the workshop including content on careers, current science research, online tools, and the multi-disciplinary focus.



Challenges, Strategies, & 
Lessons Learned
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Though we have received positive feedback after each of our workshops, we have still worked diligently to make improvements and address the challenges teachers face in including nano in their courses.



Challenges & Strategies

Challenge Strategy
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You will recognize several of these challenges from the comments we saw earlier.



Challenges & Strategies

Challenge Strategy

Busy Teachers &
Packed Curriculum
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Teachers are swamped and this year especially they have even less available free time. Beyond that, their curriculums are full and they can find it difficult to find the space for a full nano lesson or activity while still covering everything required by the Virginia Standards of Learning.



Challenges & Strategies

Challenge Strategy

Busy Teachers &
Packed Curriculum

• Build time in the workshop for curriculum planning
• Instead of full nano lessons, add nano examples to current 

lessons
• Invigorate “old lessons” with new ideas and activities
• Share prepared lesson plans & content
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Our strategy has been to build time in the workshop for teachers to spend actually working on their lessons while surrounded by colleagues and nanoscience experts. They can ask questions, seek feedback, and toss around possible ideas to see what they want to include. Additionally, we encourage teachers to invigorate their current lessons with nano nuggets. This reduces the time and space needed to add nano and can often be that exciting hook that makes a lesson more applicable to the real world which feeds right in to Student Engagement.



Challenges & Strategies

Challenge Strategy

Busy Teachers &
Packed Curriculum

• Build time in the workshop for curriculum planning
• Instead of full nano lessons, add nano examples to current 

lessons
• Invigorate “old lessons” with new ideas and activities
• Share prepared lesson plans & content

Student 
Engagement
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If we can get teachers excited about nano, they’ll pass that excitement on to their students. 



Challenges & Strategies

Challenge Strategy

Busy Teachers &
Packed Curriculum

• Build time in the workshop for curriculum planning
• Instead of full nano lessons, add nano examples to current 

lessons
• Invigorate “old lessons” with new ideas and activities
• Share prepared lesson plans & content

Student 
Engagement

• Real world examples
• Career paths/options
• Hands on activities
• Guest speakers/field trips
• Teacher excitement
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We’ve included real world examples, current research, a careers talk, and lots of hands-on activities in our workshop. We also provide resources for teachers to host our faculty and staff as guest speakers or visit our facilities with their classes for field trips. 



Challenges & Strategies

Challenge Strategy

Busy Teachers &
Packed Curriculum

• Build time in the workshop for curriculum planning
• Instead of full nano lessons, add nano examples to current 

lessons
• Invigorate “old lessons” with new ideas and activities
• Share prepared lesson plans & content

Student 
Engagement

• Real world examples
• Career paths/options
• Hands on activities
• Guest speakers/field trips
• Teacher excitement

Lack of Funds for 
Lab Supplies
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It can be difficult to include new lab activities in lessons due to the costs associated with buying the needed laboratory supplies.



Challenges & Strategies

Challenge Strategy

Busy Teachers &
Packed Curriculum

• Build time in the workshop for curriculum planning
• Instead of full nano lessons, add nano examples to current 

lessons
• Invigorate “old lessons” with new ideas and activities
• Share prepared lesson plans & content

Student 
Engagement

• Real world examples
• Career paths/options
• Hands on activities
• Guest speakers/field trips
• Teacher excitement

Lack of Funds for 
Lab Supplies

• Instead of stipends we provide lab supplies (bulk purchase 
discount)
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By purchasing in bulk, we can get these supplies at a cheaper rate and then distribute to teachers to take back to their classes. As we don’t offer stipends to attend our workshop, the take home lab supplies is the big perk for attending.



Challenges & Strategies

Challenge Strategy

Busy Teachers &
Packed Curriculum

• Build time in the workshop for curriculum planning
• Instead of full nano lessons, add nano examples to current 

lessons
• Invigorate “old lessons” with new ideas and activities
• Share prepared lesson plans & content

Student 
Engagement

• Real world examples
• Career paths/options
• Hands on activities
• Guest speakers/field trips
• Teacher excitement

Lack of Funds for 
Lab Supplies

• Instead of stipends we provide lab supplies (bulk purchase 
discount)

Multidisciplinary
Engagement
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One of the most difficult aspects of our workshop is the multidisciplinary nature. It can be really difficult to teach a lesson that an 8th grade Earth Science teacher and a 12th grade advanced Physics teacher will both find interested and engaging. 



Challenges & Strategies

Challenge Strategy

Busy Teachers &
Packed Curriculum

• Build time in the workshop for curriculum planning
• Instead of full nano lessons, add nano examples to current 

lessons
• Invigorate “old lessons” with new ideas and activities
• Share prepared lesson plans & content

Student 
Engagement

• Real world examples
• Career paths/options
• Hands on activities
• Guest speakers/field trips
• Teacher excitement

Lack of Funds for 
Lab Supplies

• Instead of stipends we provide lab supplies (bulk purchase 
discount)

Multidisciplinary
Engagement

• Not focus too much on any one discipline
• Provide multiple views of each activity with focused examples
• Discussion groups (inter & intra discipline)
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This takes the most time and preparation to consider multiple viewpoints for each activity. Thankfully, nano topics are often very scalable in that we can talk about them in a very basic way or in an extremely detailed way. Providing examples from research and current events has been an excellent way to do this.Beyond that, we rely on discussion groups where we break teachers up into groups either with those in their same discipline or in groups with a mix of disciplines.



Multidisciplinary Example: 
Earth & Environmental Nanoscience

Credit: F. M. Michel

Crystal Structure & Chemistry

https://youtu.be/AQ3lRXH1OvI

Structural Color

39,000 tons of waste, 3rd largest 
coal ash spill recorded in U.S.

Nanoparticles in Sunscreen
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I wanted to provide an example of this multidisciplinary approach I keep mentioning. One of the components of our workshop is Earth and Environmental Nanoscience. In this section we cover a wide variety of disciplines and topics including:Chemistry discussions with Crystal Structures with a simple ball stacking activityPhysics discussion with the electromagnetic spectrum, pigmentation and the biology of structural colorHow different types of sunscreen work and their environmental impactsIntroducing current events including the Saharan dust storm from June to illustrate that natural nanoparticles are everywhere and open a discussion for how they are an important part of Earth cyclesAnd then this Virginia Tech research example is really loved by the teachers. Not only is it bursting with nano concepts that fit in with multiple disciplines, it’s based on a coal ash spill that occurred locally and was covered extensively in the news.It gives a clear example of science in action as researchers moved from gathering samples in the field to using advanced technology to discover an extremely rare nanoparticle. Subsequent research involved using that nanoparticle as a tracer and also investigations of its toxicity



Other Lessons Learned

• Networking & learning from each other
• Professional development beyond nanoscience
• Continuous curriculum discussion
• Online format 
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So I’ll end with a few other lessons we learned along the way.First, our biggest take-away is that the teachers learn so much just from sharing thoughts and ideas with each other. Just putting them in the same room together either in-person or virtually is one of the biggest successes of these sorts of workshops. They make connections; they share lessons, and benefits extend well beyond just learning about nanoscience.Another lesson is that in every activity we do, we include time for discussion about how the activity could be included in their curriculum. Teachers frequently move from, “This doesn’t really fit with my class” to “that’s such a great idea I had never thought of it that way”, just by thinking through it and talking with their colleagues.Finally, I was really shocked at how well the online format worked for our workshop. Since our in-person workshops are predominately hands-on, there was real concern that the virtual format would be a total flop.But, it allowed teachers who would not previously have been able to attend due to distance to join us. Spreading the content and interactions out over the month built stronger connections between us and the teachers and amongst the teachers. Teachers were more easily able to share resources online. Teachers had more time for reflection and we were able to give small assignments to keep the teachers engaged and help them actually include nano in their classrooms.We are seriously considering hosting our workshop, at least partially virtual next year.



Thanks!

ANY QUESTIONS?
NanoEarth@vt.edu
www.NanoEarth.ictas.vt.edu
@NanoEarthVT
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I’ll turn it back over to Yves to lead the panel discussion.
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