SCIENCE AND ENGINEERING OF THE 2014 OLYMPIC WINTER GAMES
Stability & Vibration Damping in Alpine Skiing

INQUIRY GUIDE for HANDS-ON INVESTIGATION
Middle School Focus / Adaptable for Grades 4–12 
Lesson plans produced by the National Science Teachers Association.
Video produced by NBC Learn in collaboration with the National Science Foundation.
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Background and Planning 

About the Video
Stability & Vibration Damping in Alpine Skiing discusses the methods and importance of damping vibrations in alpine skiing. Featured athletes are Iraq war veteran and Paralympian Heath Calhoun and three-time Olympic medalist Julia Mancuso, both of whom will be competing in the 2014 Winter Olympics in Sochi. Also featured are Kam Leang, Associate Professor of Mechanical Engineering and carbon nanotube expert at the University of Nevada, Reno, and Tom Watson, an off-road motorcycle engineer who helped design the shock absorption mechanism for Heath Calhoun’s mono-ski. The video points out that vibrations cause skis to intermittently lose contact with the snow surface, which results in a loss of control and speed. The carbon nanotube technology, which is incorporated into the construction of skis, and the fluid-based shock absorber in Calhoun’s mono-ski both allow enhanced damping of vibrations and therefore more consistent contact with the snow, allowing skiers to go faster. 

Video Timeline
0:00	0:14	Series opening
0:15	0:58	Introducing Mancuso and Calhoun
0:59	1:43	Why vibrations matter to alpine skiers
1:44	2:02	Introducing Leang
2:03	3:12	Explaining how skis are constructed using nano-materials
3:13	3:34	Calhoun’s mono-ski and vibration
3:35	4:17	Introducing Watson who designs a shock absorber for Calhoun
4:18	4:52	Explaining how Calhoun’s shock absorber works
4:53	5:16	Summary
5:16	5:32	Closing credits

Language Support: To aid those with limited English proficiency or others who need help focusing on the video, click the Transcript tab on the side of the video window, then copy and paste the text into a document for student reference.

Next Generation Science Standards
The following inquiry investigations might be part of a summative assessment for these performance expectations. See NGSS documents for additional related Common Core State Standards for ELA/Literacy and Mathematics.
Matter and Its Interactions
MS-PS1-1. Develop models to describe the atomic composition of simple molecules and extended structures.
MS-PS1-2. Analyze and interpret data on the properties of substances before and after the substances interact to determine if a chemical reaction has occurred.
MS-PS1-3. Gather and make sense of information to describe that synthetic materials come from natural resources and impact society.

Engineering Design
MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions. 
MS-ETS1-2. Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem. 
MS-ETS1-3. Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success. 
MS-ETS1-4. Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such that an optimal design can be achieved. 

Common Core State Standards Connections: ELA/Literacy 
RST.6-8.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks. 
WHST.6-8.1 Write arguments focused on discipline-specific content



Facilitate SCIENCE Inquiry
Encourage inquiry using a strategy modeled on the research-based science writing heuristic. Student work will vary in complexity and depth depending on grade level, prior knowledge, and creativity. Use the prompts liberally to encourage thought and discussion. Student Copy Masters begin on page 13.

Explore Understanding
Show students examples of objects that are made of composites, for example, a piece of plywood, a multilayered sponge, or the sole of most any running shoe. If you cannot use real examples in class, show students photographs of familiar composite objects (fiberglass tub or shower enclosure, plywood, laminated countertop, laminated skis, baseball bats). Use the following prompts to help students recognize that each object is a composite that is made of two or more materials and that the materials give the object certain beneficial properties.
· A composite is….
· Plywood is formed from distinct layers of wood because…. 
· A composite sponge is more useful because….
· The sole of the running shoe has different layers because….
· A composite is sometimes better than a single material alone because….

Show Stability & Vibration Damping in Alpine Skiing and encourage students to jot down notes while they watch. Continue the discussion about composites using prompts such as the following:
· When I watched the video, I thought about….
· The experts in the video explained that _____ happens because….
· People use composites because....
· Skis are built of composites because....
· Carbon nanotubes are….
· Nanotubes are used in composites because….
· Nanotubes help vibration damping in skis by….
· To make skis stronger you would need to….
· Composites are different than the constituents from which they are made because…

Ask Beginning Questions
Stimulate small-group discussion with the prompt: This video makes me think about these questions…. Then, ask groups to list questions they have about alpine skiing and the use of composite materials. Ask groups to choose one question and phrase it in such a way as to be researchable and/or testable. The following are some examples:
· How does the bumpiness of a slope affect the speed of a skier?
· How do the vibrations of a model ski made of one material compare to the vibrations of a model ski made from a composite?
· How do the properties of a composite compare with the properties of the materials that make up the composite?

Design Investigations
Choose one of the following options based on your students’ knowledge, creativity, and ability level and your available materials. Actual materials needed would vary greatly based on these factors as well.
Possible Materials Allow time for students to examine and manipulate the materials that are available. Doing so often aids students in refining their questions or prompts new ones that should be recorded for future investigation. In this inquiry, students might build model skis using tongue depressors, wood splints, plastic rulers, polystyrene foam sheets, foam core board, or cardboard. Students might build a model ski slope using a board wrapped in a blue plastic tarp for a slick surface. To study the properties of a composite, students might mix different substances into plaster of Paris or glue that is used to form the laminate. Students might also need various measuring tools. Meter sticks and stopwatches are needed if students are measuring speed. Spring scales might be used to measure the force of a vibration. Make sure students understand how to use these tools and measurement devices safely. 

Safety Considerations: Augment your own safety procedures with NSTA’s Safety Portal at http://www.nsta.org/portals/safety.aspx. 

Open Choice Approach (Copy Master page 13)
1. Groups might come together to agree on one question for which they will explore the answer, or each group might explore something different. Some ideas include finding how the bumpiness of a slope affects the speed of a skier, comparing the vibrations of model skis made of different composite materials, comparing the strength of model skis made of different composite materials, or comparing the properties of two constituent substances alone with the properties of a composite made from those substances.
2. Give students free rein in determining how they will explore their chosen question. To help students envision their investigations, such as one pertaining to the properties of a composite, use prompts such as the following:
· The reasons we are selecting these materials to use are….
· The properties that we will compare are….
· We will measure or observe the properties by….
· We will repeat our test _____ times and vary the amounts of the substances mixed to….
· The kinds of evidence we need in order to support our claim include….
3. Students should brainstorm to form a plan they would have to follow in order to answer the question, which might include researching background information. Work with students to develop safe procedures that control variables and enable them to make accurate measurements. Insist that they get your approval on their procedures before they start any investigation. Encourage students with prompts such as the following:
· Information we need to understand before we can start our investigation is….
· The variable we will test is….
· The variables we will control are….
· The steps we will follow are….
· We will measure our results….
· We will record and organize our data using….
· To conduct our investigation safely, we will….
4. To compare the vibrations of model skis made from different materials, students might construct several model skis, cause them to vibrate, and then determine how much they vibrate. Students will need to find a way to hold the skis while they are vibrating and determine how to measure the vibrations. For example, students could use a stopwatch to find the amount of time needed for the model skis to stop vibrating.
5. After testing, students might make connections between their results and information gleaned from the video and elsewhere to make recommendations for which of their skis would perform the best on the slopes. 

Focused Approach (Copy Master pages 14–15)
The following exemplifies how students might investigate the question of how the properties of a composite compare with the properties of the materials that make up the composite. 
1. Give students leeway in determining how they will explore their chosen question, but insist that they get your approval on their procedures before they start any investigation. Ask students questions such as the following to spur their thinking:
· What kinds of evidence can you collect that will be appropriate for supporting your claim(s)?
· What is a composite?
· Why would someone use a composite of several materials instead of a single material?
· What are some properties of a material (or a composite) that you can measure or observe?
· What materials can be used to make a composite?
· How does the composite material act similarly/differently than the individual materials from which it is made?
2. Students should brainstorm to form a plan they would have to follow in order to solve the problem, which might include researching background information. Work with students to develop safe procedures that enable them to collect data. For example, to find how different composites damp vibrations, students might use the materials at hand to make three different composite skis of uniform size. Then, to measure a composite’s ability to damp vibrations, students can cause each ski to vibrate and measure the time it takes for each ski to stop vibrating The shorter the time required for the cessation of all vibrations, the better the composite damps the force. To help students envision this particular investigation, use prompts such as the following:
· Real skis are made of more than one material because….
· Wood might be used in real skis because….
· Fiberglass might be used in real skis because….
· Epoxy is used in real skis to….
· Carbon nanotubes are used in real skis to….
· We can model a ski using _____ because….
· Materials we can add to our model ski to create a composite ski are….
· We can attach materials to our model ski using….
· We are not going to use _____ because we think it/they will….
3. After students have made their composite, they should compare the properties of the composite with the properties of their constituent materials. As students carry out their investigations, have them connect what they observed in their composite with what the video states about the properties of composites. Use prompts such as:
· Information we need to understand before we can start our investigation is….
· We will construct our composite skies by….
· We will test process by….
· We will record and organize our data using….
· To conduct our investigation safely, we will….
4. Students might continue their investigations by experimenting with how changing the length of the model skis affects vibration. Guide students with these, or similar, prompts:
· The length of the ski affects the way it vibrates by….
· Short and longer skis can vibrate at the same frequency if….
· Different composites affect short and long skis….
· The advantages and disadvantages of longer/shorter skis are….
5. After testing, students might make connections between their results and information gleaned from the video and elsewhere to make recommendations for which of their skis would perform the best on the slopes. 

Adapt for High School
As an alternative for more advanced students, groups might try build the lightest model ski that optimizes control of vibration. Students should reexamine the video segment from 2:03 to 3:12 in which skis are strengthened with nano-materials. While nano-materials likely are not available in your classroom, students can brainstorm to identify materials that have not been used previously that would replicate or mimic nano-materials. Groups should give attention to the long, thin nature of nanotubes and might consider making strips of their constituent material to add to their composite model. Combining strips to make the composite model skis will require students to give some thought to the matrix they use to join the layers together. At this level, heightened expectations for recording and analyzing data should be established and implemented.

Make a Claim Backed by Evidence
As students carry out their investigations, ensure they record their observations. As needed, suggest ways they might organize their data using tables or graphs. Students should analyze their data and then make one or more claims based on the evidence their data shows. Encourage students with this prompt: As evidenced by… I claim… because….

An example claim about composites might be:
As evidenced by the data collected from my model skis, I claim that wrapping a ski in duct tape is the best way to reduce vibrations in the ski because the ski wrapped in duct tape vibrated significantly less then skis modified in other ways.

Present and Compare Findings
Encourage students to prepare presentations that outline their inquiry investigations so they can compare their ideas with others—such as classmates who investigated the same or a similar question, material they found on the Internet, or an expert they chose to interview. Remind students to credit their original sources in their comparisons. Elicit comparisons from students with prompts such as the following:
· My ideas are similar to (or different from) those of the experts in the video in that….
· My ideas are similar to (or different from) those of my classmates in that….
· My ideas are similar to (or different from) those that I found on the Internet in that….

Students might make comparisons like the following:
My ideas are similar to those of the experts in that my composite had different properties from the materials that were combined to make it. 

Reflect on Learning
Students should reflect on their understanding, thinking about how their ideas have changed or what they know now that they didn’t before. Encourage reflection, using prompts such as the following:
· I claim my ideas have changed from the beginning of this lesson because of this evidence…
· My ideas changed in the following ways…
· I wish I had been able to spend more time on….
· Another investigation I would like to try is….

Inquiry Assessment
See the rubric included in the student Copy Masters on page 19.




Facilitate ENGINEERING DESIGN Inquiry
Encourage inquiry using a strategy modeled on the research-based science writing heuristic. Student work will vary in complexity and depth depending on grade level, prior knowledge, and creativity. Use the prompts liberally to encourage thought and discussion. Student Copy Masters begin on page 16.

Explore Understanding
Composite materials are created to have improved properties over the constituent materials from which they are made. Great efforts have gone into creating composite materials that are both lighter and stronger. Have students brainstorm to identify stronger, lighter materials they have had experience with, such as those in tennis racquets and baseball bats. Encourage students to research this topic as homework on the day before you discuss and share images they find with the class. Use the following prompts to help students understand that how composite materials are different from their constituents.
· Composite materials might be stronger than their constituents because….
· A composite that is lighter but not stronger than its constituents might be desired because….
· The number of layers in a composite material….
· The matrix in a composite….
· The constituent that reinforces the composite….
· Other sports use composite materials in….

Show Stability & Vibration Damping in Alpine Skiing and encourage students to take notes while they watch. Continue the discussion of composites and their properties. Also begin discussing what vibration damping is and why it is important for alpine skiers. Use the following or similar prompts:
· When I watched the video, I thought about….
· The experts in the video explained that….
· Skis are made stronger when....
· A composite is….
· Carbon nanotubes make skis stronger because….
· Engineers want lighter, stronger materials because….
· A stronger, lighter ski helps skiers….

Identify Problems
Stimulate small-group discussion with the prompt: This video makes me think about problems such as…. Then have small groups list questions they have about the ways in which composite materials can lighten and strengthen a model ski, while still giving it some ability to vibrate. Ask groups to choose one question and phrase it in such a way as to reflect an engineering problem that is researchable and/or testable. Remind students that engineering problems usually have multiple solutions. Some examples are:
· How can we make a stronger ski?
· Should the weight of the ski be a concern?
· How can design choices be justified when creating composite materials?
· How well do different composites damp strengthen skis?
· Does the order in which layers are arranged impact how strong a composite is?
· What glue will yield the strongest composite model ski?

Design Investigations
Choose one of the following options based on your students’ knowledge, creativity, and ability level and your available materials. Actual materials needed would vary greatly based on these factors as well.
Possible Materials Allow time for students to examine and manipulate the materials you have available. Doing so often aids students in refining their questions or prompts new ones that should be recorded for future investigations. In this inquiry, students might build model skis using tongue depressors, wood splints, plastic rulers, polystyrene foam sheets, foam core board, or cardboard. Students might use glue, tape, or other adhesives to fasten two materials together to make a composite model ski. They might even mix materials, such as sand, into an adhesive and coat the model ski in the composite adhesive. Students might need tools to measure strength. Students might use a video camera (or cell phone camera) with slow-motion capabilities to record the skis as they fail. Make sure students understand how to use these tools and measurement devices safely. Students may also devise their own measuring devices.

Safety Considerations Augment your own safety procedures with NSTA’s Safety Portal at http://www.nsta.org/portals/safety.aspx. 

Open Choice Approach (Copy Master page 16)
1. Groups might come together to agree on one problem for which they will design a solution, or each group might explore different problems, such as finding the optimal way to strengthen a model ski using composite materials, or finding the weight to speed ratio for a model ski. Give students free rein in determining how they will design their solutions, but insist that they get approval before building and testing. To help students envision their investigations, such as one pertaining to finding the ideal way to construct a stronger model ski, use prompts such as the following:
· The problem we are solving is….
· The materials we could use are….
· We are designing a solution that will….
· A composite material will solve this problem better because….
· Acceptable evidence for our solution would include.…
2. Lead whole-class or small-group discussions to establish the criteria and constraints within which solutions will be designed. Remind students that criteria are factors by which they can judge the success of their effort and that constraints are limitations to the effort and are often related to materials and time.
· We think we can solve the problem by....
· Our criteria for success are... and we will determine them by….
· Constraints that might limit the range of potential solutions are....
· We need to know about _____ before....
· Not having access to carbon nanotubes....
3. Students should brainstorm to form a plan they would have to follow in order to solve the problem, which might include researching background information. Work with students to develop safe procedures that enable them to collect data. For example, to find how different composites strengthen skis, students might use the materials at hand to make three different composites skis. Then, to measure a composite’s ability to make stronger materials, students measure the strength to its weight ratio. The lightest model ski that supports the greatest weight will be made of the strongest composite. Encourage students with prompts such as the following:
· Information we need to understand before we can start our investigation is….
· We will construct our composite skis by….
· We will test our process by….
· We will record and organize our data using….
· To conduct our investigation safely, we will….
4. After communicating information to the class about their solution and reflecting on their own solution as well as those of other groups, allow the class or small groups to go through a redesign process to improve their solutions.

Focused Approach (Copy Master pages 17–18)
The following exemplifies one way students might build a model ski and then find a solution to the problem What is the optimal way to strengthen a model ski using composite materials while keeping it a light as possible? Give students leeway in determining exactly how they will design and build their composite model skis, but insist that they get your approval on their procedures before they start any investigation. The class should come to a consensus on a uniform size for all model skis.
1. Allow time for groups to examine all of the materials available to them. Guide whole-class or small-group discussions to identify the problem they are solving and then to identify criteria and constraints within which their solution will be developed. Remind students that criteria are factors by which they can judge the success of their effort and that constraints are limitations to the effort and are often related to materials and time. Use prompts such as the following:
· The problem we are solving is….
· The materials we could use are….
· The science concepts that we will need to use in creating our design include….
· A composite material will solve this problem better because….
· We are designing a solution that will….
· We think we can solve the problem by....
· Our criteria for success are... and we will determine them by….
· Constraints that might limit the range of potential solutions are....
· We can determine when each composite fails by....
· Acceptable evidence that would support our claims of success for our design include….
2. Encourage students to think about how they will construct their model skis to be as strong as possible, yet still retain a certain amount of flexibility. Use prompts such as the following in your discussion.
· Real skis are made of more than one material because….
· Wood might be used in real skis because….
· Fiberglass might be used in real skis because….
· Epoxy is used in real skis to….
· We can model a ski using _____ because….
· Materials we can add to our model ski to create a composite ski are….
· We can attach materials to our model ski using….
· We are not going to use _____ because we think it/they will….
· We will keep our model ski as light as possible by….
3. Ensure students understand that they are making something to break it on purpose. This is a particular focus of engineers and they actually spend a lot of time breaking things, or conducting failure analyses. Students should include a failure analysis when communicating about their composite model ski to the class with drawings, photos, or videos to show how/where the model skis failed.
4. Students might build model skis using tongue depressors, wood splints, plastic rulers, polystyrene foam sheets or cardboard with glue, tape, or other adhesives to fasten the materials together. They might even mix materials, such as sand or long thin strips of constituent material, into an adhesive and coat the model ski with it. Students could then secure one end of the model ski over the edge of a table so that the model ski sticks out a uniform distance. (See the video at 1:57, or students can use a block or brick that will support the model ski until it fails.) Students should devise a way to place weights (in a logical manner) either on the ski itself or hung below it until each ski fails. For example, students can use braided nylon string to suspend a pan that will hold weight one inch from the end of the over hanging model ski and record video as weight is added to the pan until the ski fails. Help students visualize this procedure using these or similar prompts:
· Our model ski will be made from….
· We will measure the strength of the model ski by….
· We will measure the strength of the ski _____ times because….
· We will modify our model ski by….
· Determining the strength to model ski weight will help us understand….
· Our failure analysis indicates that….
5. After communicating information to the class about their solution and reflecting on their own solution as well as those of other groups, allow the class or small groups to go through a redesign process to improve their solutions.

Make a Claim Backed by Evidence
As students carry out their investigations, ensure they record their observations and measurements. Students should analyze their observations in order to state one or more claims. Encourage students with this prompt: As evidenced by… I claim… because…. or I claim our design (was/was not) successful because….

An example claim might be:
As evidenced by the videos of my model ski, I claim that embedding thin strips of aluminum in the resin that made up the composite ski is the best way to strengthen the ski because the ski constructed of the aluminum/epoxy combination supported significantly more weight than skis modified in other ways. 

Present and Compare Findings
Encourage students to prepare presentations that outline their inquiry investigations so they can compare results with others such as classmates who built similar models, material they find on the Internet, the information presented in the video, or an expert they chose to interview. Remind students to credit their original sources in their comparisons. Elicit comparisons from students with prompts such as:
· My findings are similar to (or different from) those of the experts in the video in that….
· My findings are similar to (or different from) those of my classmates in that….
· My findings are similar to (or different from) those that I found on the Internet in that….

Students might make comparisons like the following:
My results were similar to those of my classmates in that any ski that had thin strips of material embedded in the matrix resin held more weight than skis that were modified in other ways. 

Reflect and Redesign
Students should reflect on their understanding, thinking about how their ideas have changed or what they know now that they didn’t before. They should also evaluate their own designs in light of others’ presentations and propose changes that will optimize their designs. Encourage reflection, using prompts such as the following:
· My ideas have changed from the beginning of this lesson because evidence showed that….
· My design would be more effective if I _____ because I learned that….
· When thinking about the claims made by the experts, I am confused about....
· One part of the investigation I am most proud of is….
· I was amazed with class findings that said….

Inquiry Assessment
See the rubric included in the student Copy Masters on page 19.



COPY MASTER: Open Choice SCIENCE Inquiry Guide for Students

Stability & Vibration Damping in Alpine Skiing
Use this guide to investigate a question about composites and vibration damping. Write your report in your science notebook.

Ask Beginning Questions
My class discussion and the video encouraged me to think about these questions….

Design Investigations
Choose one question. Brainstorm with your teammates to come up with ways in which you might be able to answer the question. Look up information as needed. Add safety precautions. Use the prompts below to help focus your thinking.
· The variable we will test is….
· The variables we will control are….
· The steps we will follow are….
· We will record and organize our data using….
· To conduct the investigation safely, we will….

Record Data and Observations
Record your observations. Organize your data in tables or graphs as appropriate. 

Make a Claim Backed by Evidence
Analyze your data and then make one or more claims based on the evidence your data shows. Make sure that the claim goes beyond summarizing the relationship between the variables.

	My Evidence
	My Claim
	My Reason

	


	
	



Present and Compare Findings
Listen to presentations of other groups and create a peer review as scientists do for one another. You might also compare your findings with those of experts in the video or that you have access to, or material on the Internet. How do your findings compare? Be sure to give credit to others when you use their findings in your comparisons.
· My ideas are similar to (or different from) those of the experts in the video in that….
· My ideas are similar to (or different from) those of my classmates in that….
· My ideas are similar to (or different from) those that I found on the Internet in that….

Reflect on Learning
Think about your results. How do they fit with what you already knew? How do they change what you thought you knew about the topic?
· My ideas have changed from the beginning of this lesson because of this evidence….
· My ideas changed in the following ways….
· One idea/concept I am still working to understand involves….



COPY MASTER: Focused SCIENCE Inquiry Guide for Students

Stability & Vibration Damping in Alpine Skiing
Use this guide to investigate a question about composites and vibration. Write your report in your science notebook.

Ask Beginning Questions
How can we use the properties of a composite material to damp the vibrations in a model ski?

Design Investigations
Brainstorm with your teammates to come up with ways in which you might be able to answer the question. Decide on one idea and write a procedure that will allow you to safely explore the question. Use the prompts below to help focus your thinking.
· We will use composite materials because….
· The class will keep _____ the same because….
· We will measure our time of vibration by….
· The properties that we will compare are….
· We will measure or observe the properties by….
· We will repeat our test _____ times and vary the amounts of the substances mixed to….
· The kinds of evidence we need in order to support our claim include….
· To conduct our investigation safely, we need to….

Record Data and Observations
Organize your observations and data in tables or graphs as appropriate. Below is an example of a table that could be used to record your observations. 

Vibration Damping with Composite Materials

	
	Time Required for Vibrations to Stop

	Ski Design
	Trial 1
	Trial 2
	Trial 3
	Average

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Ideas for Analyzing Data
· What were the similarities /differences for the three model skis? 
· How do you think the composite might be different than skis made from a single material?
· Which modifications affected the ski’s vibrations the most?

Make a Claim Backed by Evidence
Analyze your data and then make one or more claims based on the evidence your data shows. Make sure that the claim goes beyond summarizing the relationship between the variables.

	My Evidence
	My Claim
	My Reason

	




	
	



Present and Compare Findings
Listen to presentations of other groups and create a peer review as scientists do for one another. You might also compare your findings with those of experts in the video or that you have access to, or material on the Internet. How do your findings compare? Be sure to give credit to others when you use their findings in your comparisons.
· My ideas are similar to (or different from) those of the experts in the video in that….
· My ideas are similar to (or different from) those of my classmates in that….
· My ideas are similar to (or different from) those that I found on the Internet in that….

Reflect on Learning
Think about what you found out. How does it fit with what you already knew? How does it change what you thought you knew?
· I claim that my ideas have changed from the beginning of this lesson because of this evidence….
· My ideas changed in the following ways….
· One concept I still do not understand involves….
· One part of the investigation I am most proud of is….
· Something that surprised me the most was….
· A challenge that I (we) had to overcome was….


COPY MASTER: Open Choice ENGINEERING DESIGN Inquiry Guide for Students

Stability & Vibration Damping in Alpine Skiing
Use this as a guide to solve an engineering problem about the strength of composites. Record all of your notes and observations in your science notebook.

Identify Problems
Our class discussion and the video make me think about problems such as….

Design Investigations
Choose your materials and brainstorm with your teammates to discuss how you will make and test your composite. Take notes on your discussions. Use these prompts to help you:
· The materials we will use include….
· Our criteria for success are….
· Acceptable evidence for our solution would include….
· The constraints within which we will work are….
· We will record and organize our data using….
· To conduct our investigation safely, we will….

Test Your Model
Record and organize your observations and data in tables such as the one below.

Make a Claim Backed by Evidence
Analyze your results and make one or more claims based on the evidence your data shows. Make sure that the claim goes beyond summarizing the relationship between the variables.

	My Evidence
	My Claim
	My Reason

	

	
	



Present and Compare Findings
Listen to presentations of other groups and create a peer review as scientists do for one another. You might also compare your findings with those of experts in the video or that you have access to, or material on the Internet. How do your findings compare? Be sure to give credit to others when you use their findings in your comparisons.
· My findings are similar to (or different from) the experts in the video in that….
· My findings are similar to (or different from) my classmates in that….
· My findings are similar to (or different from) what I found on the Internet in that….

Reflect and Redesign
Think about what you learned. How does it change your thinking? Your design?
· I claim that my ideas have changed from the beginning of this lesson in that….
· My design would be more effective if I _____ because I learned that….
· When thinking about the claims made by the expert, I am confused about....
· One part of the investigation I am most proud of is….
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Stability & Vibration Damping in Alpine Skiing
Use this guide to build a model ski. Then, modify your model to determine the best way to strengthen it. Record your notes and observations in your science notebook.

Identify Problems
What is the best way to use composite materials to build a stronger ski?

Design Investigations
Choose your materials and brainstorm with your teammates to discuss how you will make and test your composite. Use these prompts to help you.
· The science concepts that we will need to use in creating our design include….
· We think we can solve the problem by....
· Our criteria for success are....
· Constraints that might limit the range of potential solutions are....
· Acceptable evidence that would support our claims of success for our design include…
· Real skis are made of more than one material because….
· Wood might be used in real skis to….
· Fiberglass might be used in real skis to….
· Epoxy is used in real skis to….
· We can model a ski using _____ because….
· Materials we can add to our model ski are….
· We can attach materials to our model ski using….
· We are not going to use _____ because we think it/they will….
· To be safe, we need to….

Test Your Model
Record and organize your observations and data in tables such as the one below.

	Ski Design
	Distance Ski Vibrated
	Vibration Time

	

	
	

	

	
	

	

	
	



Ideas for Analyzing Data
· How did your ski modifications affect the strength of each ski?
· Can you analyze if the composite materials always strengthened the ski?
· [bookmark: _GoBack]Which kinds of modifications affected the ski’s strength the most?

Make a Claim Backed by Evidence
Analyze your data and then make one or more claims based on the evidence your data shows. Make sure that the claim goes beyond summarizing the relationship between the variables.

	My Evidence
	My Claim
	My Reason

	



	
	



Present and Compare Findings
Listen to presentations of other groups and create a peer review as scientists do for one another. You might also compare your findings with those of experts in the video or that you have access to, or material on the Internet. How do your findings compare? Be sure to give credit to others when you use their findings in your comparisons.
· My findings are similar to (or different from) those of the experts in the video in that….
· My findings are similar to (or different from) those of my classmates in that….
· My findings are similar to (or different from) information I found on the Internet in that….

Reflect and Redesign
Think about what you learned. How does it change your thinking? Your design?
· I claim that my ideas have changed from the beginning of this lesson in that….
· My design would be more effective if I _____ because I learned that….
· When thinking about the claims made by the expert, I am confused about....
· One part of the investigation I am most proud of is….
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	Criteria
	1 point
	2 points
	3 points

	Initial question or problem
	Question or problem had had a yes/no answer or too simple of a solution, was off topic, or otherwise was not researchable or testable.
	Question or problem was researchable or testable but too broad or not answerable by the chosen investigation.
	Question or problem was clearly stated, was researchable or testable, and showed direct relationship to investigation.

	Investigation design
	The design of the investigation did not support a response to the initial question or provide a solution to the problem.
	While the design supported the initial question or problem, the procedure used to collect data (e.g., number of trials, or control of variables) was not sufficient. 
	Variables were clearly identified and controlled as needed with steps and trials that resulted in data that could be used to answer the question or solve the problem.

	Variables (if applicable)
	Either the dependent or independent variable was not identified.
	While the dependent and independent variables were identified, no controls were present.
	Variables identified and controlled in a way that resulting data can be analyzed and compared.

	Safety procedures
	Basic laboratory safety procedures were followed, but practices specific to the activity were not identified.
	Some, but not all, of the safety equipment was used and only some safe practices needed for this investigation were followed.
	Appropriate safety equipment used and safe practices adhered to.

	Observations and data
	Observations were not made or recorded, and data are unreasonable in nature, not recorded, or do not reflect what actually took place during the investigation. 
	Observations were made, but were not very detailed, or data appear invalid or were not recorded appropriately.
	Detailed observations were made and properly recorded and data are plausible and recorded appropriately.

	Claim
	No claim was made or the claim had no relationship to the evidence used to support it.
	Claim was marginally related to evidence from investigation.
	Claim was backed by investigative or research evidence.

	Findings comparison
	Comparison of findings was limited to a description of the initial question or problem.
	Comparison of findings was not supported by the data collected.
	Comparison of findings included both methodology and data collected by at least one other entity.

	Reflection
	Student reflection was limited to a description of the procedure used.
	Student reflections were not related to the initial question or problem.
	Student reflections described at least one impact on thinking.
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