Nanotechnology and Sunscreen PBL Unit

Grade and Subject: Grade 9 Physical Science
 School District of Philadelphia Unit 11: Matter

Unit Overview:

The physical and chemical properties of matter can often give us insight into chemical reactivity and behavior. This unit focuses on the properties and classification scheme used in science to distinguish between different types of matter. We will implement the problem-based learning (PBL) pedagogy to learn about “ Matter” unit through the real-world application of Nanotechnology through the major five elements in the ITEST-Nano curriculum and instruction framework.

Lesson Scope and Sequence

Below is a brief outline of the scope and sequence of lessons in this unit. Each lesson fulfills one or more of the components of the ITEST-Nano curriculum and instruction framework, i.e., i) Real world science and engineering applications ii) Educational technologies to build content knowledge; iii) Information technologies for communication, community-building and dissemination; iv) Cognitively-rich pedagogical strategies; and v) STEM education and careers investigations. 

	Lesson 1 
	Introduction to PBL Scenario

	Lesson 2
	What is “Matter”?

	Lesson 3
	States of Matter / Phases Changes between States

	Lesson 4
	Pressure Volume & Temperature / Boyle’s Law

	Lesson 5
	Physical vs. Chemical Changes

	Lesson 6
	Physical and Chemical Properties

	Lesson 7
	Nanotechnology Applications - Sunscreen

	Lesson 8 
	Google Products Training—Discussion on Nanosunscreen

	Lesson 9
	NetLogo Simulations (Introduction & Observation)

	Lesson 10
	NetLogo Simulation Experiments (Hypothesize – Testing – Modifying)

	Lesson 11
	Web Research to Build an Explanatory Model for the PBL Scenario

	Lesson 12
	Podcasting Training and Creating Podcast

	Lesson 13
	Townhall Meeting & Self and Peer Assessment

	Lesson 14
	Assessment (Post content test, Post research survey)


The lessons can be tailored to include your own common successful instructional strategies (e.g., opening sets, short quizzes, do nows, exit slips) and homework assignments (e.g., textbook readings, google group discussion, podcast). 
Lesson 1: Introduction to Problem-based Learning (PBL) Scenario

What is PBL?

With problem-based-learning (PBL), your teacher presents you with an “ill-structured” problem that has many factors that need to be considered and several possible ways of solving the problem. Since you are not handed the solution, your learning becomes active in the sense that you discover and work with the ideas that are presented in class combined with the research that you conduct individually and in collaboration with peers. Then, you and your peers make important decisions regarding what aspects of the available information are critical for you to solve the problem and craft a solution.

Essential characteristics of PBL (Savery, 2006):

1. Students must have the responsibility for their own learning (self-directed learning). 

2. The problem scenario used in PBL must be ill-structured and allow for free inquiry.

3. Learning should be integrated from a wide range of disciplines or subjects.

4. Collaboration is essential.

5. What students learn during their self-directed learning must be applied back to the problem with reanalysis and resolution.

6. A closing analysis of what has been learned from work with the problem and a discussion of what concepts and principles have been learned are essential.

7. Self and peer assessment should be carried out at the completion of each problem and at the end of every curricular unit.
8. The activities carried out in problem-based learning must be those valued in the real world.

9. Student assessments must measure student progress towards the goals of problem-based learning.

PBL will provide you with opportunities to:
· Use technology to examine and try out what you know  (e.g. with computer simulations)

· Discover what you need to learn (e.g., using Web 2.0) 

· Develop ethical decision-making skills (e.g., through collaborative argumentation)

· Improve your communications and social network skills (e.g., through peer collaboration and evaluation)

· State and defend positions with evidence and sound argument (using scientific skills)

· Present collaborative solution (e.g., in the form of podcasting or wikis)

· Practice skills that you will need after your education (e.g., careers guidance)
The following two YouTube videos further demonstrate the affordances of PBL in learning physics and STEM careers.

Youtube video on “Stimulating Physics: Problem-based Learning”

http://www.youtube.com/watch?v=IHhWWhl1Zd8
YouTube video “Design your future: A career in Engineering”

http://www.youtube.com/watch?v=Qnu12hl_XeE
You may ask your students to have some group discussion on PBL and STEM careers (e.g., to talk about what kinds of STEM careers they have heard of).

Presenting an "Ill-structured" Problem:

The Project on Emerging Nanotechnologies at the Woodrow Wilson International Center for Scholars has just put up a new Web site with a searchable list of 212 commercially available nano-products. Thirty-one of those products are cosmetics, which contains tiny nano-capsules full of chemicals. These products claim to be effective in protecting skins from sunshine and aging. But some experts wonder about the safety of highly engineered nanostructures like these. That's because when particles get small, they tend to develop new chemical properties. That might mean unexpected risks. Now your group is contacted by the center to help with their investigation on determining whether the nano-cosmetics should be on market.

Hint:

Traditionally, scientists believed that the skin is pretty impervious to particles. But Tinkle's lab, along with some other labs, has found that at least some nano-particles can slip through the skin's tough outer layer. That means they could potentially interact with the immune system or get into the bloodstream. 

Lesson 2: What is “Matter”

Guiding questions to make connections between matter and nano scale science:

1. What is “Matter?” Give two examples of matter and two examples of non-matter.

Matter is everything that takes up space and has mass. Matter has different forms / phases: Solid, liquid, gas, plasma, and Bose-Einstein condensates. All matter is made up of small particles (atoms).

2. What is nanotechnology?

Nanotechnology is an anticipated manufacturing technology giving thorough, inexpensive control of the structure of matter on a nanometer scale. 

3. How small is a nanometer, compared with a hair, a blood cell, a virus, or an atom?

Nanoparticle: Particle with one or more dimensions of the order of 100 nm or less.

The Viz Lab Image Scaler presents nano and other images in a scaled context, allowing the viewer to zoom from human scale to nano scale and back again. This is a prototype currently under development by the Exploratorium's Visualization Laboratory.

http://www.nisenet.org/viz_lab_image_scaler
4. How nanotechnology affect the properties of matter? 

Because nanoparticles exist at a scale smaller than that of human cells, nanoparticles exhibit different chemical and biological properties than the same materials in larger size.

In tandem with surface-area effects, quantum effects can begin to dominate the properties of matter as size is reduced to the nanoscale. These can affect the optical, electrical and magnetic behaviour of materials, particularly as the structure or particle size approaches the smaller end of the nanoscale. Materials that exploit these effects include quantum dots, and quantum well lasers for optoelectronics.

For other materials such as crystalline solids, as the size of their structural components decreases, there is much greater interface area within the material; this can greatly affect both mechanical and electrical properties. For example, most metals are made up of small crystalline grains; the boundaries between the grain slow down or arrest the propagation of defects when the material is stressed, thus giving it strength. If these grains can be made very small, or even nanoscale in size, the interface area within the material greatly increases, which enhances its strength. For example, nanocrystalline nickel is as strong as hardened steel. Understanding surfaces and interfaces is a key challenge for those working on nanomaterials, and one where new imaging and analysis instruments are vital.

Introduction to Elements, Compounds, and Mixtures

Discuss the difference between elements, compounds, mixtures, suspensions, solutions

(Physical Science Core Curriculum: p. 404 – 405)

Introduction to Nanoscience (Nano 101 introduction to basic nano concepts)

Group Exploration:

1. Interactive Nano-visualization in Science and Engineering Education http://invsee.asu.edu/invsee/invsee.htm
2. Explore the scale ladder to visualize the nanoscale http://www.nisenet.org/viz_lab_image_scaler
3. Nanomedia Finder: http://nanomediafinder.net/mos/index.htm
What is Nanoscience? (ask students to think about “nano” concept)

Nanoscience is the name given to the wide range of interdisciplinary science that is exploring the special phenomena that occur when objects are of a size between 1 and 100 nanometers (10-9m) in at least one dimension. This work is on the cutting edge of scientific research and is expanding the limits of our collective scientific knowledge.

Lesson 3 & 4: States of Matter / Phases Changes between States

Pressure Volume & Temperature (State Changes) / Boyle’s Law
You may ask your students to read the content from “Chem4Kids”:

http://www.chem4kids.com/files/matter_states.html
There are five main states of matter. Solids, liquids, gases, plasmas, and Bose-Einstein condensates are all different states of matter. Each of these states is also known as a phase. Elements and compounds can move from one phase to another phase when special physical forces are present. One example of those forces is temperature. The phase or state of matter can change when the temperature changes. Generally, as the temperature rises, matter moves to a more active state.

Phase describes a physical state of matter. The key word to notice is physical. Things only move from one phase to another by physical means. If energy is added (like increasing the temperature or increasing pressure) or if energy is taken away (like freezing something or decreasing pressure) you have created a physical change.

[image: image1.wmf]
One compound or element can move from phase to phase, but still be the same substance. You can see water vapor over a boiling pot of water. That vapor (or gas) can condense and become a drop of water. If you put that drop in the freezer, it would become a solid. No matter what phase it was in, it was always water. It always had the same chemical properties. On the other hand, a chemical change would change the way the water acted, eventually making it not water, but something completely new.

[image: image2..pict]All matter can move from one state to another. It may require very low temperatures or very high pressures, but it can be done. Phase changes happen when certain points are reached. Sometimes a liquid wants to become a solid. Scientists use something called a freezing point to measure when that liquid turns into a solid. There are physical effects that can change the freezing point. Pressure is one of those effects. When the pressure surrounding a substance goes up, the freezing point also goes up. That means it's easier to freeze the substance at higher pressures. When it gets colder, most solids shrink in size. There are a few which expand but most shrink.

Now you're a solid. You're a cube of ice sitting on a counter. You dream of becoming liquid water. You need some energy. Atoms in a liquid have more energy than the atoms in a solid. The easiest energy around is probably heat. There is a magic temperature for every substance called the melting point. When a solid reaches the temperature of its melting point it can become a liquid. For water the temperature has to be a little over zero degrees Celsius. If you were salt, sugar, or wood your melting point would be higher than water. 

The reverse is true if you are a gas. You need to lose some energy from your very excited gas atoms. The easy answer is to lower the surrounding temperature. When the temperature drops, energy will be sucked out of your gas atoms. When you reach the temperature of the condensation point, you become a liquid. If you were the steam of a boiling pot of water and you hit the wall, the wall would be so cool that you would quickly become a liquid.

Finally, you're a gas. You say, "Hmmmm. I'd like to become a plasma. They are too cool!" You're already halfway there being a gas. You still need to tear off a bunch of electrons from your atoms. Eventually you'll have bunches of positively and negatively charged particles in almost equal concentrations. When the ions are in equal amounts, the charge of the entire plasma is close to neutral. (A whole bunch of positive particles will cancel out the charge of an equal bunch of negatively charged particles) A plasma can be made from a gas if a lot of energy is pushed inside. All of this extra energy makes the neutral atoms break apart into positively and negatively charged ions and free electrons. They wind up in a big gaseous ball.

Introduction to NetLogo

· NetLogo is a programmable modeling environment for simulating natural and social phenomena. 
· NetLogo is particularly well suited for modeling complex systems developing over time. Modelers can give instructions to hundreds or thousands of "agents" all operating independently. This makes it possible to explore the connection between the micro-level behavior of individuals and the macro-level patterns that emerge from the interaction of many individuals.
· However, a simulation model is a simplified representation of the real thing, and does not include everything. 

· NetLogo is a free open source. It can be downloaded through the following link:
http://ccl.northwestern.edu/netlogo/download.shtml
Here is a YouTube video on how to download NetLogo:
http://www.youtube.com/watch?v=bYHuYG-Odzc

Demonstrate NetLogo  “Gaslab Heat Box” simulation:

· Let's try a biology model: Wolf Sheep Predation, a predator-prey population model

· Open NetLogo software

· Go to “File” and click “Models Library”

· Go to “Sample Models” -> “Chemistry & Physics” -> Gas Lab -> “Unverified” –> “GasLab Heat Box”

· The Interface tab includes buttons, switches, sliders and monitors. These interface elements allow you to interact with the model. Buttons are blue; they set up, start, and stop the model. Sliders and switches are green; they alter model settings. Monitors and plots are beige; they display data.

· To begin the model, you will first need to set it up by pressing the "setup" button; then press the "go" button to start the simulation.

· Ask students:

· What do you see appear in the view?

· As the model is running, what is happening to the wolf and sheep populations?

· Change the value of one variable in the model at a time and ask students to observe and explain what happens

Note: First demonstrate and explain the variables included in this model. Ask your students to change the values of temperature and number of particles to see how the graphs change accordingly (e.g., invite one student to the hot spot and do the setups). Particularly ask the class to explain what they observe.

Lesson 5: Physical vs. Chemical Changes

During this session, you will have an opportunity to build understanding to help you:

· Refine and extend the particle model to develop an atomic model of matter, and become familiar with some of the history of the evolution of this model.

· Recognize that chemical changes alter particles by rearranging their component atoms into different combinations.

· Recognize that matter is not created or destroyed during chemical changes.

· Recognize that the total number of atoms of each element is conserved during chemical changes.
It is important to understand the difference between chemical and physical changes. The two types are based on studying chemical reactions and states of matter. We admit that some changes are obvious, but there are some basic ideas you can use. Physical changes are about energy and states of matter. Chemical changes happen on a molecular level.

You may ask students to go the following URL and follow the instructions there to complete this lesson:

http://www.learner.org/channel/courses/essential/physicalsci/session4/closer1.html
Lesson 6: Physical and Chemical Properties
Properties of Nanoparticles

The properties of nanoparticles depend on their shape, size, surface characteristics and inner structure. They can change in the presence of certain chemicals.

The transition from microparticles to nanoparticles can lead to a number of changes in physical properties. Two of the major factors in this are the increase in the ratio of surface area to volume, and the size of the particle moving into the realm where quantum effects predominate.

At this point, you may go back to the problem presented in Lesson 1, and ask students to identify the problems of using NanoCosmetics or NanoSunscreen. 

Ask students what are the chemical and physical properties of the NanoSunscreen.

This will guide searches that may take place on-line, and in other out-of-class searches.

Ferrofluids Experiment (Use the Ferrofluid kits in the Nanobox)

You may find the physical properties lab materials (one for students and one for teachers) under the folder “NanoSunscreen PBL Unit and Resources” in PBL Units folder.
Lesson 7: Nano Applications - Sunscreen

Physical and chemical properties of the nanoparticles in nanosunscreen

http://www.vvv.com/healthnews/dsunscre.html
This online article leads to the ethical issues in using NanoCosmetics or NanoSunsreen. The linked paper provides some knowledge between Sunscreen and Skin Cancer. This article points out that “DO NOT rely on the use of sunscreens to protect you against skin cancer”.
Background Knowledge about Sunscreens

Sunscreens are designed to protect against sunburn (UVB rays) and generally provide little protection against UVA rays. They come in two forms:

CHEMICAL SUNSCREENS contain chemicals such as benzophenone or oxybenzone (benzophenone-3) as the active ingredient. They prevent sunburn by absorbing the ultraviolet (UVB) rays.

PHYSICAL SUNSCREENS contain inert minerals such as titanium dioxide, zinc oxide, or talc and work by reflecting the ultraviolet (UVA and UVB) rays away from the skin.

A sunscreen with a SPF of 15 filters out approximately 94% of the UVB rays. One with a SPF of 30 filters out 97%. The SPF applies for UVB rays only. The protection provided against UVA rays in chemical sunscreens is about 10% of the UVB rating.

Lesson 8: Google Products Training—Discussion on Nanosunscreen
· Why use Web 2.0 and Google Products? (YouTube Video)
http://www.youtube.com/watch?v=DmbyBxdaSwc
· Use the Google Tools Help Menu included in the ITEST Binder.

· Subscribe students to different google groups and ask groups to discuss how properties of nanoparticles are applied in the nanosunscreen?

· Share NanoSense Sunscreen Lessons using Google Tools: http://nanosense.org/activities/clearsunscreen/index.html
Lesson 9: NetLogo Simulations (Introduction & Observation)

Students Open and Play with the NanoSunscreen Model
· Divide the students into small groups

· Ask students to follow the demonstrated steps of setting up and running the NanoSunscreen Model in lesson 4

· Ask students to change the value of variables and record the observed patterns

Lesson 10: NetLogo Simulation Experiments (Hypothesize – Testing – Modifying)

Please find the file “Nanotechnology Sunscreen Final.nlogo” under the folder “NanoSunscreen PBL Unit and Resources” inside the “PBL Units” folder

· Ask groups to report what patterns they have observed to construct hypotheses

· Ask groups to go back to simulations and test their hypotheses:

· Students need to record the data from the simulation and graph the relations between variables

· Students need to use the data to decide whether they should accept or reject the hypotheses

· Ask groups to check if their hypotheses are correct. If not, ask them to modify their hypotheses and repeat step 2

Lesson 11: Web Research to Build an Explanatory Model

Technology-rich and Cognitive Rich Problem Solving

· Ask the students to make connections between the simulation they did in the last two periods and the problem scenario at the beginning of the unit

· What knowledge they learned in the Matter Unit can be used to explain the observed patterns in the simulation? 

· Ask students to research on web to find theoretical evidences to explain the patterns they observed in the NetLogo simulation. 

· Combining the theoretical and experimental evidences to construct an explanatory model for their observed patterns. Then they can rerun NetLogo simulation to test their explanatory model.

· Encourage students to consider the ethical issue in using NanoSunscreen and ask them to make decision on picking the solution based these considerations. You may ask the students to search online to collect information. However reminder them that as a real scholar, they need to judge the online sources.
Lesson 12: Podcasting Training and Creating Podcast

Podcast Task for Students:

As part of closure, teachers may require students to communicate, orally and/or in writing, their findings and recommendations. The product should include the problem statement, questions, data gathered, analysis of data, and support for solutions or recommendations based on the data analysis. Each group need provide a solution they conclude for the Nanotechnology problem on the safety of Nanosunscreen.

In summary, the podcasting content may include:

1. Scientific investigation results for the PBL problem as a group

2. Summarize the group problem-solving process (record metacognitive process, i.e., how the conclusions were drawn; record ethical decision making process)

Learn how to use Audacity:

You may use the following online manual to have a brief introduction to some basic functions. You may leave the options to students to search for the advanced applications of the software;

http://audacity.sourceforge.net/manual-1.2/
Note: Students may opt to use other podcast software (such as, GarageBand) to produce the podcasting product.
Lesson 13: Upload the Group Solution to iTuneU & Self and Peer Assessment
Ask the students present their podcast product and upload their podcast product onto iTuneU. In addition, they need vote for the best one through google groups. Each group will also self evaluate their final explanatory model.

Video intro to iTuneU:

http://www.apple.com/education/itunesu_mobilelearning/landing.html
Please download the iTuneU manual through the following link:

http://images.apple.com/support/itunes_u/docs/iTunesU_Admin_Guide_1S.pdf
Lesson 14: Assessment (Post content test, post research survey, PBL assessment)

National Assessment Program Science Literacy (2006):

The five elements of scientific literacy, including concepts and processes, used in PISA 2000 (OECD PISA 1999) include:

· Demonstrating understanding of scientific concepts,

· Recognizing scientifically investigable questions,

· Identifying evidence needed in a scientific investigation

· Drawing or evaluating conclusions, and

· Communicating valid conclusions.

The following criteria may be included to assess students’ PBL learning process:

1. Formulating or identifying investigable questions and hypotheses, planning, investigations and collecting evidence: 

Elaboration: This process domain includes: posing questions or hypotheses for investigation or recognising scientifically investigable questions; planning investigations by identifying variables and devising procedures where variables are controlled; gathering evidence through measurement and observation; and making records of data in the form of descriptions, drawings, tables and graphs using a range of information and communication technologies.


2. Interpreting evidence and drawing conclusions, critiquing the trustworthiness of evidence and claims made by others, and communicating findings:

Elaboration: This process domain includes: identifying, describing and explaining the patterns and relationships between variables in scientific data; drawing conclusions that are evidence-based and related to the questions or hypotheses posed; critiquing the trustworthiness of evidence and claims made by others; and, communicating findings using a range of scientific genres and information and communication technologies.


3. Using science understandings for describing and explaining natural phenomena, making sense of reports about phenomena, and for decision making.

Elaboration: This process includes demonstrating conceptual understandings by being able to: describe, explain and make sense of natural phenomena; understand and interpret reports (e.g., TV documentaries, newspaper or magazine articles or conversations) related to scientific matters; and, make decisions about scientific matters in students’ own lives which may involve some consideration of social, environmental and economic costs and benefits.
