SCIENCE AND ENGINEERING OF THE 2014 OLYMPIC WINTER GAMES
Building Faster & Safer Bobsleds

INQUIRY GUIDE for HANDS-ON INVESTIGATIONS
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
Building Faster & Safer Bobsleds discusses how the research and design of modern bobsleds changes the speed and safety of Olympic bobsledding. Michael Scully, the creative director for global design at BMW DesignWorks USA, is using innovative techniques and cutting edge technology to optimize the bobsled’s design. The video also highlights the track’s design with Dr. Mont Hubbard, an engineer at the University of California, Davis, describing how the track might be made safer in the future. 

Video Timeline
0:00	0:14	Series opening
0:15	0:54	Introducing bobsledding
0:55	1:08	Engineering improves bobsledding
1:09	1:55	Introducing Scully
1:56	2:51	Bobsledding rules limit design
2:52	3:41	Forces that slow down the sled must be minimized
3:42	4:04	Building the new design
4:05	4:39	Introducing Hubbard—faster bobsleds present safety issues
4:40	5:16	Definition of the fillet and the safety problem it causes
5:17	5:31	Solution to the fillet problem
5:32	5:54	Summary
5:55	6:10	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.
Motion and Stability: Forces and Interactions
MS-PS-1. Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces on the object and the mass of the object.
MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational interactions are attractive and depend on the masses of interacting objects.

Engineering
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-ETS1-3. 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.
HS-ETS1-1. Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and wants.

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
Provide students with photographs or videos of sledding, skiing, snowboarding, and ice skating. Be sure to use photographs or videos of children similar in age to your students. Assign each corner of your room to one of the examples and have students choose a corner they relate to most closely. Give them three minutes to discuss their experiences with the example then have them return to their seats and respond to the following prompts. 
· One experience I have had with sledding/skiing/snowboarding/ice-skating is….
· One way I have seen the sport I chose change over time is….
· One way I think I could change the sled/skis/snowboard/ice skates or to make the design better is….
· Sledding, skiing, snowboarding, and ice skating relate to the Olympic sports of…. 
· When a rider is facing down a hill on a sled/skis/snowboard the force that makes him or her move is….
· Things that affect how fast the rider can go include….
· Things that make the rider slow down are….

Show Building Faster & Safer Bobsleds and encourage students to jot down notes about bobsled and track improvements and the recommendations of experts while they watch. Continue the discussion about bobsled design and track safety using prompts such as the following:
· When I watched the video, I thought about….
· Two considerations the bobsled designers had to address were….
· For track safety, Dr. Hubbard claimed that _____ because….
· The bobsled design team used models to.…

Ask Beginning Questions
Stimulate small-group discussions with the prompt: This video makes me think about these questions…. Then, ask groups to list questions they have about the bobsled design. 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 would you assess how the mass of the bobsled affects the velocity and why do you think that?
· How would you explain the relationship between the mass of the bobsled and its velocity down the track?
·  How does the surface area of the bobsled affect how it moves down the track?
· How would you investigate the optimal mass for a bobsled and what criteria should be used?

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. Students might use a small block of modeling clay, toy cars, model car tracks, craft sticks, marbles, pennies, and vegetable oil (to lubricate the track). Tracks might also be made from pipe insulation, downspout extenders, dryer vent hose, cardboard, or other flexible materials cut in half. Meter sticks, stopwatches, electronic balances, and calculators might also be useful for the investigations. Make sure students understand how to use these tools and measurement devices safely. 

Safety Considerations: To augment your safety procedures, see 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 the relationship of optimal mass or weight distribution to velocity.
2. Have each group of students watch the video to determine the dependent and independent variables they would like to investigate. Check the students' understanding of each variable by having the students generate questions and determine the variables associated with each question or by identifying the variables and then generating a scientifically oriented question that can be answered by collecting data/evidence.
3. Students should brainstorm a plan to follow in order to answer the question, which might include researching background information. Once the students have determined the question they are interested in investigating, provide them with the following prompts to guide the development of their investigation:
· We will change the independent variable in the following ways to see the relationship to the dependent variable….
· The data (dependent variable) we will collect are…. 
· The kinds of evidence we need in order to support our claim include….
4. Encourage students to spend some time working with the materials they have decided to use in their investigations. As they work with the materials, suggest that they write the procedures they intend to follow to collect the data necessary to answer their question.
· Variables we will to keep constant include….
· We will use ___________ as our control, or as our comparison data. 
· We will repeat our test _____ times and determine an average (data point).
· The data we are collecting will help us answer our question because….
· We will record and organize our data using….
· We will represent our data in the following way(s)….
· Mathematical models we will use in our investigation include….
· To conduct our investigation safely, we will…. 
5. Be sure to work with students to develop safe procedures that keep the variables not being tested constant, allowing them to make accurate measurements. Insist that they get your approval of their procedures before they start any investigation.
6. To explore the optimal mass for the bobsled, students would construct a basic physical model of a bobsled to slide down a smooth ramp. The ramp and ramp angle remain constant, as does the starting and stopping point. The students would record multiple trials at each mass, calculating an average velocity for each mass. The mathematical model needed is velocity = displacement/time. The average velocity for each mass will be plotted on a scatter plot to determine the optimal mass for the sled under the given conditions. The discussion about velocity can be modified for varying grade levels by encouraging students to investigate a question related to force (F = ma) or the concept of gravitational force. Additionally, high school physics students can address questions related to coefficient of kinetic friction or net force.

Focused Approach (Copy Master pages 14–15)
The following exemplifies how students might investigate the relationship between mass of an object and its velocity in order to make a claim for the optimal mass (based on accepted class criteria, such as bobsleds can be no larger than five inches long or three inches wide) for their model bobsleds to make the fastest run. Understanding how to calculate velocity will improve student understanding of velocity and acceleration. 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. You might include constraints on the design, such as the sled must meet class established minimums and make it to the bottom of a bobsled track that has one turn.
1. Have the class watch the video. Then in small groups have the students identify how their question relates to issues the bobsled design team faced in producing the USA bobled. Ask students questions such as the following to spark their thinking:
· What kinds of evidence can you collect that will be appropriate for supporting your claim(s)?
· What is velocity?
· What does 50 miles/hour mean to you?
· How can you differentiate between the two variables you need to know to calculate velocity?
· What is mass?
· How do you think drag relates to  velocity?
2. Provide students with the materials you have available and allow them to play with the materials in small groups. Assign (or have the student choose) a recorder for each group to write down all statements indicating directions or a procedure. Allow the students approximately 30 minutes to work through their prompts and develop a design for their sled. Encourage students with prompts such as the following:
· We will keep the design criteria in mind when making our model clay sled by....
· One measurement of the sled we will need to make is....
· When attaching the craft sticks to the sled we will need to consider....
· Two questions we have about our sled are....
· We will increase/decrease mass of the sled by ___ we will have to keep ___ constant....
3. Bring the class together as a whole for a discussion around the terms independent variable, dependent variable, constants, and control. Encourage students with prompts such as the following:
· Velocity is related to the question we are investigating in the following way....
· Data needed to calculate velocity are....
· We will change ___ on purpose because....
· We can change ___ about our sled to increase or decrease its velocity because....
· The changes we make to our sled will affect....
· The variables we want to keep constant are....
· In order to have an investigation that tests changes to only a single variable we need to....
4. Make sure students understand the importance of making accurate measurements as well as repeating trials to ensure that their data are reliable by using these, or similar prompts:
· We will measure the time it takes the bobsled to go from start to finish by….
· We will repeat the procedure at least _____ times because….
· To find an average time for each bobsled mass, we will….
5. Allow the students the opportunity to test their bobsleds and collect the necessary data to answer their question.
6. Students might extend their investigations by exploring how the length of the sled runners affects the velocity of the sled, or how the distribution of the weight on the bobsled affects the sled. 

Adapt for High School
Encourage students to investigate a question related to force (F = ma) or the concept of gravitational force. Additionally, high school physics students can address questions related to coefficient of kinetic friction, normal force, or net force.

Make a Claim Backed by Evidence
As students carry out their investigations, ensure they record their observations as evidence that can be cited to support their claims. 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 relating the optimal mass of a bobsled might be:
As evidenced by the velocity of the bobsled weighing 54 grams being at least 4 cm/min faster than all other masses, I claim 54 grams is the optimal mass for a model bobsled because this was enough mass to keep the bobsled on the track but not so much mass that it caused the bobsled to be ejected from the track.

Present and Compare Findings
Encourage students to prepare presentations that outline their inquiry investigations so they can compare results with others. Students might do a Gallery Walk through the presentations and write peer reviews, as would be done on published science and engineering findings and at scientific conferences. Students might also make comparisons with 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 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 my classmates’ in that the data from groups that researched the same question as mine had similar results—bobsleds with more mass had greater velocity. 

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:
· 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….
· What I have learned makes me think about bobsledding as….
· 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
Guide a discussion to find out what students know about bobsleds and bobsledding. In warmer climes, students might talk about experiences on slides, either at playgrounds, fairs, or water parks. Use the following or similar prompts to start students talking.
· One experience I have had with sledding or bobsledding (or sliding) is.…
· Factors I think are important to make a bobsled go faster include....
· Some dangers associated with bobsledding include....
· What I know about sledding or bobsledding (or sliding) helps me to better understand....
· Ways the design of a bobsled may reduce the chances of injury include....

Show Building Faster & Safer Bobsleds and encourage students to take notes while they watch. Continue the discussion of how a design team might improve a two-man bobsled using the following or similar prompts:
· When I watched the video, I thought about….
· One problem the design team was trying to solve was….
· The experts in the video claimed that….
· Variables influencing the potential solutions include….
· Our efforts might be limited by.…

Identify Problems
Stimulate small-group discussion with the prompt: This video makes me think about these problems…. Then have small groups list questions they have about improving a bobsled or a bobsled track. 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:
· What factors can be changed that might improve a two-man bobsled?
· How do the rules of bobsledding limit changes that can be made to a bobsled?
· Would increasing/reducing the movement of the athletes inside the bobsled improve performance?
· Is there an optimal path down the track that helps achieve faster times? 
· How could we use weight distribution in the bobsled to improve performance?
· What is the ideal length for a bobsled?
· Which has a greater effect? Improving the bobsled or improving the bobsled athletes performance?
· How can a design team predict how their improvements to the bobsled will work if they don’t have access to the competition track until after the bobsled is built?

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 use a block of modeling clay or small squares of dense wood with foam blocks attached, toy cars, a model car track (perhaps lubricated with vegetable oil), pipe insulation, downspout extenders, dryer vent hose, cardboard, or a large plastic pipe cut in half, craft sticks, pennies, bolts, or washers, and waxed paper or foil. Students might also use hot glue to build their sled. Meter sticks, stopwatches, electronic balances, and calculators might also be useful for the investigations. Make sure students understand how to use these tools and measurement devices safely. 

Safety Considerations To augment your own safety procedures see 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 evaluate different problems and solutions. Some ideas include minimizing the movement of the athletes in the bobsled, optimal mass of the athletes/bobsled, or weight distribution. The Cub Scout Pinewood Derby could serve as a model for this activity. To help students envision their investigations, 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….
· 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 potential solutions are....
3. Collecting evidence to inform design innovations in future iterations encourages students to engage in the design cycle. Have students watch the video to determine the dependent variable they will use to evaluate their design. Check the students' understanding of each variable, such as the bobsled’s velocity, possible ejection from the track, or motion of the athletes. To do this, have the students determine the variables associated with the problem they are trying to solve. Then have them determine what data/evidence they need to collect to evaluate their design.
4. Once students have determined the problem they are interested in solving they should brainstorm a plan for their evidence collection prior to designing their bobsled. Encourage students with prompts such as the following:
· Information we need to understand before we can start our investigation is....
· We will change our bobsled to....
· We will test our prototype or model by….
· We will change the independent variable (design decisions) in the following ways to see the relationship to the dependent variable….
· The data (dependent variable) we will collect are…. 
· We will record and organize our data using….
5. Allow students to spend some time working with the materials they have decided to use in their design. As students work with the materials, instruct them to write the procedure they intend to follow to test their design and collect the data necessary to revise their design.
· Information we need to understand before designing our bobsled includes….
· We will construct our prototype or model by….
· While constructing our prototype we…
· To conduct our investigation safely, we will….
· We will represent our data in the following way(s)…
· Mathematical models we will use in our investigation include…
6. Be sure to work with students to develop safe procedures that keep the variables not being tested constant, allowing them to make accurate measurements. Insist that they get your approval on their procedures before they start any investigation.
7. 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 design the fastest, safest bobsled in light of agreed-upon constraints on the bobsled and track. Give students leeway in determining exactly how they will build and test their bobsled, but insist that they get your approval on their procedures before they start any investigation.
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. For example, the bobsled should look like a sled, navigate one turn in the track, and not eject the athletes. Students might or might not determine size and materials constraints. 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….
· We are designing a solution that will….
· 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 potential solutions are....
· We wil make model bobsledders to....
· Acceptable evidence that would support our claims of success for our design include….
2. Encourage students to think about how they can design a faster bobsled considering variables such as drag, friction, and mass, using prompts such as the following:
· Factors influencing the velocity of a bobsled include….
· We can build a model of a bobsled using…. 
· Our model athletes will be _____ and their compartment will look like....
· One thing we will need to do with the sled is....
· Another thing we will need to do with the sled is....
· We think our changes will increase the velocity of the bobsled because....
3. Students should brainstorm a plan for their evidence collection prior to designing their bobsled. Provide the students with the following prompts to guide how they will collect evidence for evaluating their design:
· We will test our design by….
· We will change the bobsled design in the following ways to see the relationship to the dependent variable….
· The data (dependent variable) we will collect are…. 
· We will record and organize our data using….
· We will use evidence such as _____ to inform additional changes such as.…
4. Students might design bobsleds from clay with craft sticks for runners and compartments lined with waxed paper or foil for athletes . Sleds might also be designed from wood or foam, or a combination of other materials. The athletes might be represented by pennies, bolts, or washers or other student-identified materials. Encourage multiple trials of the bobsleds moving down the track. The track and track angle should remain constant, as would the starting and stopping point.
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 ejection of the athletes on the curve, I claim my compartment was too shallow and roomy because on multiple trials the same thing happened whereas other bobsleds with smaller compartments did not eject the athletes.

Present and Compare Findings
Encourage students to prepare presentations that outline their inquiry investigations so they can compare results with others. Students might do a Gallery Walk through the presentations and write peer reviews, as would be done on published science and engineering findings. Students might also make comparisons with material they find on the Internet, 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 discussed in the video in that the USA bobsled was designed with a tight-fitting compartment for the athletes, a design feature supported by the ejection of athletes from my shallow, roomy one.

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….
· My ideas changed in the following ways….
· When thinking about the claims made by the experts, I am confused about....

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


COPY MASTER: Open Choice SCIENCE Inquiry Guide for Students

Building Faster & Safer Bobsleds
Use this guide to investigate a question about optimal mass of a model bobsled. 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 science we are investigating is....
· 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

Building Faster & Safer Bobsleds
Use this guide to investigate a question about how the mass of a bobsled affects how fast it travels down a track. Write your report in your science notebook.

Ask Beginning Questions
· What is the relationship between the mass of the bobsled and how fast it travels down the track?
· What information from the video helps to understand the investigation?
· What are some connections I can make based on reasoning?

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.
· The variable we will test is….
· The responding variable will be….
· The variables we will control, or keep the same, are….
· The materials we will use are….
· The steps we will follow include….
· We will repeat our test _____times to make sure that….
· To conduct our investigation safely, we need to….

Record Data and Observations
Organize your observations and data in tables or graphs as appropriate. The table and graph below are examples you can use to organize your data.

Bobsled Trials
	Sled #
	Mass
(g)
	Distance (m)
	Trial 1 (sec)
	Trial 2
(sec)
	Trial 3 (sec)
	Trial 4 (sec)
	Average
time
(sec)
	Velocity =
displacement/time
(m/s)

	Sample
	50.0
	1.5
	4.2
	3.8
	3.7
	4.1
	3.9
	0.38
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Ideas for Analyzing Data
· How did the average time change as mass increased?
· What is the relationship between the mass of your bobsled and velocity?

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

Building Faster & Safer Bobsleds
Use this as a guide to design and test a bobsled according to criteria and constraints established by the class. 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 bobsled. 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 data and observations from your tests using tables and/or graphs.

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 experts, I am confused about....
· One part of the investigation I am most proud of is….
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Building Faster & Safer Bobsleds
Use this as a guide to design and test a bobsled according to criteria and constraints established by the class. Record all of your notes and observations in your science notebook.

Identify Problems
How can we make a faster bobsled?
How can we make a safer bobsled?
Why are we considering changing the factors we have chosen?
How can we be certain that the bobsled we design will be an accurate model of a real bobsled?

Design Investigations
Discuss with your group how you might make a bobsled from the materials available. 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…
· Our model athletes will be _____ and their compartment will look like....
· We think these changes will increase the velocity of the bobsled because....
· We will represent our data in the following way(s)….
· To conduct our investigation safely, we will….

Test Your Model
Record and organize your observations and data in tables such as the one below. In the “Design Changes” column describe the changes you made to your bobsled that were intended to decrease the time it takes for your sled to complete the track. 

	Design Iteration
	Describe Changes
	Distance
(m)
	Time (sec)
	Velocity
(m/sec)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	



Ideas for Analyzing Data
· Describe how the changes you made to your bobsled design impacted how fast the sled completed the track.
· Describe how your data helped you make decisions to change your bobsled design.
· What changes made the greatest impact on velocity of your bobsled?

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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