Nanotechnology and Cancer PBL Unit

Grade and Subject: Grade 9 Physical Science
School District of Philadelphia Unit: Atoms and the Periodic Table

Unit Overview

This series of 13 lessons highlights the interdisciplinary nature of nanoscience by updating the traditional physical science concepts of atoms and the periodic table with an investigation of a recent major focus of nanomedicine in cancer and biomedical research. Students will learn about characteristics of the atom (e.g., size, properties, subatomic particles), historical information, and how elements are arranged in the periodic table. They will also develop an understanding that one level up from the atomic scale lies the exciting region of the nanoscale where atoms are assembled to create applications that can treat disease and enhance life. 

Lesson Scope and Sequence

Below is a brief outline of the scope and sequence of lessons in this unit and which page you can find them on in this document. 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. 
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Each lesson is presented with the major learning goals and a rationale for why the lesson has been constructed. The lessons can be tailored to include your own common successful instructional strategies such as, opening sets, short quizzes, do nows, exit slips and homework assignments such as textbook readings. In some lessons, space in the curriculum has been made for teachers to use already existing strategies and materials. In those cases, suggestions for how to incorporate nanoscience content are provided.

Lesson 1: Introduction to Google Groups and Cancer PBL Scenario
Lesson Overview

In this lesson, students are introduced to the class Google Groups website where they will access online information and instructions for the unit, record and archive essential learning points, and upload their final problem-based learning report and podcast. Students are also provided with the overarching cancer problem-based learning scenario. 

Part A: Setting up the Google Groups

• Prior to the lesson, students will need to sign up for a gmail account (follow the procedures from the ITEST summer workshop).

• Enter all student’s email addresses.

• Preassign students to groups of four.

• Discuss the Google Groups environment and how students will use it to keep notes from their investigations, share information, and access resources that others may upload.

• Have students work together in their small groups to choose a name for their group, write a short two-sentence profile, and place the information onto their own page.

Part B: Cancer PBL Scenario

• Set the context by asking students questions that solicit prior knowledge about cancer, e.g., What do you know about cancer? What kinds of cancers are there? (leukemia, tumors), How is cancer normally treated? (radiation, chemotherapy, surgery) What is chemotherapy? (treatment of disease through chemical substances) How does it effect the body? Do you know anyone who has gone through it? What happens?

• Discuss that in the next 12 lessons, the class will participate in a series of investigations that focuses on alternative forms of cancer treatment that are enabled by recent research in nanoscience. Explain that they will be doing different kinds of research in order to provide a solution to the following problem.

• On a handout (or electronic document) provide the PBL scenario:

The Pennsylvania State Board of Medicine has been asked to consider a motion to create a new program of study to be adopted by all the medical schools in the state of Pennsylvania. This program is intended to teach about new nanoscience treatments of cancer that are alternatives to current cancer treatment options. In board member teams, it is your duty to thoroughly investigate: 1) What nanoscience is; 2) How it relates to the treatment of cancer and medicine in general; and 3) The risks and benefits of nanoscience cancer treatments compared to traditional methods. Your job in your teams is to produce a written evidence-based report with an accompanying audio podcast that details your investigation and provides a recommendation for or against the creation of the new nanomedicine program of study. Each team’s report and podcast will be reviewed by all the other board member teams and the best one will be selected for adoption. 

• On the same handout, list the assignment parameters in detail. Include assignment length, components that must be included (e.g., summary of results from the NetLogo experiments, results of the ferrofluid tests, web research), information to be included in the podcast.

• Distribute the rubric for grading the assignment (sample found on the flash drive) 

• Show the following two short videos to introduce the topic. The first one provides a short history of the origins of nanoscience as illustrated by Richard Feynman and the second is a short video about nanoscience and cancer research.
Video 1 (2 min 49 sec): http://video.google.com/videoplay?docid=8694473494851941737&ei=ESeCSIikKIWyrgK0xLDuAQ&hl=en
Video 2: (1 min 35 sec):

Access video file on the ITEST-Nano flashdrive called IKNOWNANO Cancer.wmv
• Ask students to jot down what they have learned from the videos and post ideas to their group’s Google webpage for homework

Lesson 2: What is an Atom? Take the Nano Journey

Lesson 3: Atomic Theory
Lesson Overview

Lessons 2 and 3 build from already existing lessons and strategies that teachers have used in introducing the topic of atomic structure, which is covered in the Holt Physical Science textbook on pp. 104-110. These two lessons as well as lessons 4 and 5 that follow are required to provide some baseline understanding of atomic structure, properties, and elemental configurations to assist students in learning about nanoscale concepts in later lessons. Key terms that students cover include: nucleus, proton, neutron, electron, orbitals and electron clouds. In addition to handouts and/or activities that teachers already use to teach this topic, an interactive website investigating comparative sizes of the macro to micro to nanoscale objects provide students with visual digitized images of various atomic structures. At the same time, the interactive website allows students to gain an understanding of how small the nanoscale is.

Part A: Introduction to Atomic Structure

• Introduce the topic in the manner that you would normally teach it.

• The website in Part B also includes an investigation of the history and models of the atom so there only needs to be a short introduction to this topic.

Part B: Take the Nano Journey 

• This activity is best completed in teams of two. Partners can be chosen within their board member teams.

• Ask students to access http://www.nanoreisen.de/english/index.html and click on the [image: image1.wmf] (travel info) symbol. Here they will read about the goals of the interactive website

• Next, click on the [image: image2.wmf] (check in) symbol to begin the journey.

• Students must click on the pulsating rectangles to access information. For this journey they will drill down into the man’s arm on the left side of the screen. Note that each click of the mouse decreases the scale of the images by a magnitude of 10, which is tracked on the bottom right corner. On each page, there is also at least one section that has interesting hidden facts that can be accessed by rolling the cursor over the transparent rectangle.

• There are many opportunities to discuss technological advances that are embedded in these images. For example, at 10-3 there is an image of a hair shaft taken by a scanning electron microscope (http://en.wikipedia.org/wiki/Scanning_electron_microscope). You might take this opportunity to discuss with students the difference between this and the compound light microscope that they normally use at school.

• More detailed information can also be found by clicking on the suitcase icon and then the question mark icon. Once there, scroll down to read all the interesting facts.

• At any point in the journey, in order to go back to certain stages, you can click on the [image: image3.wmf] (route planner) icon and travel back to a specified destination.

• You may wish to create a worksheet for students to complete while traveling on their journey that summarizes some or all of the information they discover. For example, 10-8 or 10 nm is the size of the DNA double helix (scanning electron microscope image can be seen)*.

• Students should pay close attention to what they are observing at 10-10 and downwards. This is getting into the atomic scale where electrons are spinning around the nucleus. At this stage, have students click on the question mark icon and read this important information beginning with a description of the element of carbon. In the next chapter, you can use this information about the atom to teach atomic structure as well as ionic, covalent and metallic bonding in subsequent chapters.

• At 10-12 or 1 pm (picometer), students learn about the “nothingness” nature of matter and reviews both the Rutherford and Bohr models.

• The journey ends at 10-15 after experiencing stages in between that investigate subatomic particles and their characteristics.

• There is a large amount of information to cover on this website therefore lessons 2 and 3 are meant to cover two class periods.

• Make sure to have students record what they have learned on their group’s Google webpage. Students can also post questions for further investigation. Should some groups finish the activity early, they can go on other journeys from the opening page (the woman’s computer or the car).

Lesson 4: Periodic Table—Guided Tour

Lesson 5: Families of Elements
Lesson Overview

Lessons 4 and 5 are also meant to build from already existing lessons and strategies. A Guided Tour of the Periodic Table is covered in the Holt Physical Science textbook on pp. 111-119 and Families of Elements on pp. 120-128. There is a great deal of information to cover in just two short class periods however, as traditional lessons covering these concepts typically require students to research an element and provide a detailed report, time can be saved by eliminating this activity. Also, as students will see in the video in Part B, while elements and the atomic scale are important to learn for foundational purposes, research and applications at the nanoscale are far more interesting and useful to investigate and reflect current scientific progress and applications. 

Part A: Focus on the periodic table and family of elements

• Introduce the topics of the periodic table and the family of elements in the manner that you would normally teach it. This can be done over 1.5 periods.

• Where ever possible, build on the information students have learned from their nano journey in lessons 2 and 3. In particular, stress that carbon, a nonmetal is an important element that is used a great deal in nanoscience as it is non reactive, biocompatible and comes in structures that can package materials economically for processes like drug delivery (you can demonstrate economy of shape using the buckeyball model provided in the nanobox). This information can also be aligned with text on p. 125 in Holt.

• Next while discussing the families of elements, stress the importance of the use of transitional metals in nanoscience. Students will be investigating at least two kinds, gold and iron in this unit. Discuss the properties that make metals and transition metals good materials for making products and tools (see p. 123 in Holt).

Part B: From the Atomic Scale to the Nanoscale

• In the second half of the second period, have students watch a small portion of a lecture by Horst Stormer, Professor of Physics and Applied Physics and Nobel Laureate at Columbia University. This lecture can be found at: 

http://video.google.com/videosearch?q=STORMER&hl=en&sitesearch=#q=nano%20stormer&hl=en&sitesearch
• It is entitled Small Wonders-The World of Nanoscience. Begin at 9:10 and run the video to 29:10. 

• Ask students to take jot notes of the main points of the video. There are a number of main points you can stress in a follow-up whole group discussion, e.g., difference between the atomic scale and the nanoscale, why the nanoscale is more interesting and the interdisciplinary nature of nanoscience research. Have students continue to add what they have learned to their group’s Google webpage.

Lesson 6: Nanomedicine Readings and Research
Lesson Overview


In lesson 6, students apply their fundamental knowledge of atoms and elements to the PBL scenario presented in the introductory lesson. By now students should have an understanding of how knowledge of the atom and different elements assist scientists in conducting nanoscience research. They should also have some understanding of size, applications, reasons to use, and importance of current nanoscience research. In this lesson students will do some direct reading about nanoscience and its applications in nanomedicine and cancer. 

Part A: Nanomedicine Context

• Remind students of the PBL scenario introduced to them in the first lesson

• To focus their attention show the following Youtube videos of news stories that report breakthrough research on the treatment of cancer using nanoparticles (upload the links to the class’s Google Group’s website so that students can access these at a later time) http://www.youtube.com/watch?v=AzX0Vx4Aibk 

http://www.youtube.com/watch?v=jUh1gHG2jns&feature=related
• Discuss in the large group that the methods are different in each of the videos but the common features of the methods include: nanoparticles being small enough to enter tumor cells, nanoparticles having certain physical properties to enable efficient delivery or targeting of cancer cells, and normal healthy cells and tissue being saved from destruction through nanotechnology processes. 

• Distribute a copy of pp. 125, 126, and 129 from the book Nanoscale Science (2007). These books were given to you along with the ITEST-Nano binder and nanobox. 

• Ask students to work in their small groups to read about the different kinds of nanomedicine research. Remind students that they are continually trying to collect information that will help them make a recommendation to the Pennsylvania State Board of Medicine. 

• Ask students in groups to create drawings or diagrams that juxtapose traditional vs. nanomedical cancer treatments on p. 129. This will help students envision treatment processes that will be experienced in a later lesson using a computer simulation.  

Part B: Careers in Nanoscience

• Talk to students about the fact that in all the past electronic and print resources they have reviewed, many different science and engineering subjects and careers have been presented. Ask students for homework to list all the different subject areas they have seen and heard about that involve nanoscience. 

• Next ask students to review the following websites on careers in nanotechnology:

http://www.nnin.org/nnin_careers.html and http://www.workingin-nanotechnology.com. Ask them to identify some commonalities amongst the job descriptions that they read about on the second website. Were there any that interested them? Which ones and why?

• Hold a discussion with students at the beginning of the next class. 

Lesson 7 and 8: Experimenting with Nanotechnology and Cancer Simulations
Lesson Overview

Recall that NetLogo is free open source software that can be downloaded at:
http://ccl.northwestern.edu/netlogo/download.shtml. Watch the YouTube video on how to download the software at http://www.youtube.com/watch?v=bYHuYG-Odzc.
In the next two lessons, students will be able to observe and experiment with a tumor simulation in NetLogo. This simulation can be found in the Nanotechnology and Cancer PBL Resources folder on your ITEST-Nano flash drive. As you have learned simulations and models of phenomena are important scientific tools for prediction, data collection, manipulation, and dissection. Simulations can enable multiple runs of an experiment without needing to prepare physical materials over and over again. They allow scientists to investigate certain procedures on the computer instead of a living organism when the procedure is new or before it has been perfected. Multiple forms of data or outputs can be collected such as graphs of interactions and cell counts that are time-consuming and tedious to collect manually in hands-on experiments. Often micro-level (or nano-level) interactions of variables produce macro-level patterns of behavior that cannot be seen from a bird-eye holistic perspective for which computer simulations are capable of assisting. A major affordance of simulations is the ability to cover enormous timescales of events such as hundreds of years of forest succession or multiple generations of species adaptation. It is important to point out all these affordances to students both in the introduction and during the lessons so that they can appreciate the power and utility of computer simulations in studying science. 

Part A: Introduction to NetLogo (first class)

• You should select a few NetLogo simulations for students to explore. Choose ones that simulate phenomenon that may be familiar to your students e.g., of concepts that you have already addressed in previous classes. The NetLogo models library is fairly extensive so you should be able to find a few models that you can work with. 

• In the introduction, discuss what simulations are and why they are important to scientific research (see notes in the lesson overview). Ask students whether they have seen other kinds of simulations or imaging tools (students will likely talk about their favorite computer game, SimCity, Second Life, Google Earth). Talk about the similarities and affordances of these tools.

• Next introduce the NetLogo environment (you can select some pedagogical strategies/activities that you learned about during the NetLogo sessions during the first week of the summer workshop).

•  Point out all the different features of your selected models, e.g., number of ticks, population monitors, graphing tool (use your cursor to show students how numbers on the graph can be revealed or extracted), information tab that explains the purpose and nature of the simulation.

• Ask students to run their models a few times using different initial conditions. Ask them to describe what happens when conditions change. What kinds of conclusions can they make about the system(s) they are investigating? 

• Below is an example of a lesson sequence you can use:

· Open the models library from the File menu; choose "Wolf Sheep Predation" from the Biology section and press "Open". 

· 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 and ask students to observe and explain what happens.

Part B: Cancer Simulation (Second class)

• Now that students are familiar with the NetLogo modeling platform, students can learn more about how traditional and nanotechnology cancer treatments can affect a simulated tumor and surrounding healthy tissue. 

• Open the tumor simulation. Represented on the screen are veins (red), healthy tissue made up of many cells (pink) and larger cancer cells (grey). 

• Ask students to run the model to see what happens to the cancer cells.

• They should already be familiar with the two types of cancer treatments represented in the simulation, i.e., chemotherapy and nanoparticles. These particular nanoparticles are meant to be made of gold that migrate toward the tumor and affix themselves. Once the irradiate button is pressed, the gold particles heat up and burn the cancer cells in the tumor.

• There is some randomness built into the system in that depending on how long and the cancer cells are allowed to survive and replicate, both cancer treatments will have more or less affect. For example, if the tumors are large, many rounds of chemotherapy will need to be administered decimating the healthy cell count in the system.

• Help students design an experiment that will hold certain variables constant (e.g., time) and will allow for a fair comparison between the treatments. Since every run of the simulation has slight variation to simulate real life variability, it is strongly advised that students run 5-10 experiments for each treatment. There are many opportunities to build into the lesson data collection and data reporting techniques such as building charts and tables. Stress that data and evidence will be important to collect and report for the final written and podcast presentation. 

• Of particular importance to point out is the fact that some nanoparticles will remain in the system and it is unknown what the effects within the body will be since this is a new technology. Highlighting this fact will put a realistic perspective on these new nanotechnology advancements and is intended to illustrate the uncertain and ethical nature of cutting edge scientific research (addressed in more detail in lesson 10).

Lesson 9: Experimenting with Ferrofluids

Lesson Overview

This lesson will require some preparation and assembly of materials beforehand. The activity that it is based on can be found in the article entitled Nanomedicine Problem Solving to Treat Cancer (found in the Nanotechnology and Cancer PBL Resources folder on your ITEST-Nano flash drive under the file name NSTA_nanomedicine_ferrofluids.pdf). Read this short article in detail and use the scientific information outlined to structure an introductory discussion on the topic of ferrofluids and cancer drug delivery. During the summer workshop, you will have participated in at least one other ferrofluid activity from the ferrofluid kit in your Nanobox. Activities from the ferrofluid kit can be substituted here while keeping the general problem solving method provided in the article in tact. As the article suggests, it is best to create reusable packages for groups of students to use. Syringes, tubes and iron filings can be found in your Nanobox. 

Part A: Summary of Information and Introductory Discussion 

• Prepare a presentation for students that includes a summary of activities and information students have investigated throughout the course of the unit.

• Remind them that they are continuing to collect data in order to produce a report and podcast which will be presented to the other Board members and evaluated on the last day. 

• Link some of the scientific information about ferrofluids and iron-based materials to previous lessons about the periodic table and transition metals. Discuss why ferrofluids might be particularly useful in cancer treatments. Summarize the cancer treatments students have investigated to now. 

Part B: Experimenting with Ferrofluids

• The article Nanomedicine Problem Solving to Treat Cancer provides two handouts for students to use in their investigation. You may use these directly or create your own handout for students to work from. 

• Ask students to work in their usual board member teams to investigate the properties of ferrofluids and construct a solution for cancer treatment. 

• You may wish to specify a particular data collection technique (e.g., charts, diagrams) for all students to complete during their investigation(s). 

• Ask them to also think about how such materials or processes might present risks to humans. This will set them up for the next lesson in which ethical considerations for nanoscience research will be considered. 

Lesson: 10: Web Research—Focus on Risks and Benefits

Lesson Overview

As nanoscience research is a new burgeoning field, questions arise as to the safety and future effects of unknown and untested inventions, procedures and products. Numerous organizations and universities have focused a great deal of attention and research on investigating and promoting public awareness of the risks involved in nanoscience. Here are some websites where you can find further detailed information on the topic:

http://www.nsec.wisc.edu/NanoRisks/NS--NanoRisks.php
http://www.greenpeace.org.uk/media/reports/future-technologies-todays-choices
http://www.nanotechproject.org/index.php?id=44&action=intro
You have reviewed the importance of ethical decision-making during the summer workshop. This lesson is designed to help students understand that scientific research and applications have an ethical component that should be considered along with the exciting new advances. 

Part A: Investigating Risks

• As an introduction to the topic, ask students to visit and read the information on the following websites. The first is more general from the Consumer Reports site.

http://www.consumerreports.org/cro/health-fitness/nanotechnology-7-07/overview/0707_nano_ov_1.htm
• The second is more specifically about biomedical applications.

http://science.howstuffworks.com/nanotechnology5.htm
• They are both short and can be read out loud as a whole group. Use them to spark a whole group discussion. 

•  For a more detailed look at the issues, your students can access the report entitled Nanotechnology & Society: Ideas for Education and Public Engagement (found in the Nanotechnology and Cancer PBL Resource folder on your ITEST-Nano flash drive). This report published by The Center for Nanotechnology in Society at Arizona State University is a comprehensive account of many ethical issues related to nanoscience research. It is a long document but the reading level is suitable for grade 9 and 10 students. Instead of asking students to read the entire document, you may choose to scaffold the learning experience in a number of ways that include:

· Reviewing the document yourself and summarizing the main ideas in a one-two page document

· Assigning sections of the document to groups of students in a jigsaw configuration

· Assigning only sections of the document to review (although all the information is important to know)

• Ask students to keep notes on what they have learned. You may wish to provide them with a graphic organizer such as a risks/benefits chart presented below. This is a helpful organizer for all the information they have studied about cancer and nanotechnology to this point and can help to structure their activities in the next two lessons. 

Individuals


       Risks








Benefits

Society

Part B: Summarizing for Homework

• This will not be an in-class activity as all the other Part B’s have been throughout the unit. However this homework activity will be important for students to complete in order to be prepared for the next two lessons. Students will review all their notes on the their Google Groups webpage. It may also be advisable to put the risks/benefits chart online so that it can be interactive. Ask students to come to the next class prepared with a summary of ideas to contribute to the group report and podcast. 

Lesson 11 and 12: PBL Recommendation—Group Report and Podcast

Lesson 13: Group Presentation and Evaluation
Lesson Overview

In the next three lessons, students will work toward creating a final written report and podcast of their nanotechnology and cancer investigation. It will be important to remind students of the outline (given to them in lesson 1) that details the sections, data/evidence, and structural parameters to include in the report (e.g., report and podcast length, screen shots of NetLogo simulations, graphs). Each of the team’s reports will be uploaded to the main Google Groups website so that other teams can review and vote on the best solution. 

Part A: How to Podcast

• Review the podcasting workshop you participated in during the summer workshop. 

• Design a short lesson that will introduce students to the mechanics of creating a podcast. 

• You will likely find that most students will already know how to do this or will pick up the process very quickly. 

• Something to consider beyond the mechanics however would be to provide some instruction on the tone, use of vocabulary, and attention to audience that should be considered in making the podcast. Remind them of their role as a board member. 

Part B: Group Report and Podcast Construction

• Students will use this time (~1.5 classes) to construct their report. You may find that students will want to stay after school to work together so making available your class or the computer lab for collaboration will be important. Students will also spend a good deal of time at home working on the report. 

• Ask students to upload their group’s final recommendation to the class’s Google Group and prepare a 5 minute presentation to deliver in the next class. Parameters for the presentation should be provided up front as well as a peer evaluation rubric to evaluate the final report and podcast. Sample PBL assessment forms can be accessed in a file entitled PBL Assessment found in the Nanotechnology and Cancer PBL Resource folder on your ITEST-Nano flash drive.
Part C: Group Presentation and Evaluation 

• After the presentations allow students to read the reports and listen to the podcasts in more detail both during the rest of the class and for homework. 

• At the beginning of the next class, ask students to privately vote on the recommendation to adopt. 
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