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

INTEGRATION GUIDE 
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.



Promote STEM with Video

Connect to Science
Science concepts described in this video include force, mass, acceleration, friction, velocity, surface area, drag, and gravity. The use of models and modeling is made explicit within the design process of the bobsled and the bobsled track. The video emphasizes design considerations related to weight distribution, the materials used to build the bobsled, and the bobsled’s contact with the track with the intent of building the fastest possible bobsled. 

Related Science Concepts
· Force
· Mass
· Acceleration
· Velocity
· Models and Modeling
· Speed
· Weight
· Gravity
· Friction

Take Action with Students
· Use the video as a springboard to have students describe variables affecting the rate at which the bobsled travels down the track. They might also discuss variables designers leverage to increase the velocity of the bobsled. 
· Use the track specifications for length and vertical drop at http://iscibggroup.com/bobsledtracks/sochi-2014-sanki-sliding-center-olympic-track/ to determine the estimated velocity of a bobsled for a given weight. Analyze factors or variables that would influence the calculated velocity of the bobsled. Brainstorm ways to mitigate the variables that reduce the velocity of the bobsled.

Connect to Technology
The video highlights technology used to model both the bobsled design and the design of the track, which allows the scientist to predict outcomes without investing time and money in building a bobsled or bobsled track or putting a bobsled and track testers at risk. Additionally, technology is used to build the precise computer models generated through the design process and aid in the actual construction of the bobsled. 

Take Action with Students
· Play the portions of the video, 3:42 to 4:04 and 4:40 to 4:58 that show the designers and the scientist using computer models to design and test the bobsled and the track. Have students relate computer models to their own experiences (e.g., with computer games that allow design of parts of the game). Have the students discuss benefits and drawbacks of computer modeling. 
· Have students compare and contrast the concept of a 3D printer to the technology they observed in the construction of the bobsled from the video. Prompt the students to discuss the role of technology-based modeling in science and engineering. Resources include: Science of Innovation: 3-D Printing at https://www.nbclearn.com/innovation and http://www.popsci.com/technology/article/2013-07/10-gems-current-3-d-printing?dom=PSC&loc=recent&lnk=8&con=the-10-coolest-things-you-can-3d-print-right-now. 

Connect to Engineering Design
The engineering design process uses human ingenuity to draw from science, math, and technology to solve a problem. In this case, the problem is designing the fastest possible bobsled as well as designing a safe bobsled track. 

Take Action with Students
· Within the context of the big problem (building the fastest bobsled) are many sub-problems to solve. Have the students watch the video and have them list problems to be solved that are mentioned, such as determining the best path a bobsled must take in a curve of the track, or how to optimize the sled design to reduce the influence of the sled making contact with the side of a track. View the video one more time and have the students identify any solutions discussed for the problems. 
· Encourage students to pick a sub-problem and generate a list of ways they could solve the problem. Have students script out how they would solve the problem through an engineering design cycle of research, modeling, fabricating, testing, evaluating results, and then back to research.
· [bookmark: _GoBack]The BMW engineers that designed the two-man bobsleds, had an almost impossible criteria to design for because they were designing a vehicle for a bobsled run that had yet to be built and it was not possible for them to test their design ideas on that track under race conditions. Have teams of students brainstorm ideas that the BMW engineers might have used to work around these limitations.

Connect to Math
While the video discusses in greater detail the technology involved in determining the design of the bobsled and the bobsled track, math calculations (see video 4:14 – 4:24) underlie the technology that delivers the data. The tenets of geometry relate to the shape of the sled and the track, in addition to the calculations for force, acceleration, and velocity. Calculations are also used to determine the impact of friction on the sled on the ice. Further, the overall slope of the track can be determined as well as the slope of sections of the track.

Take Action with Students
· Students might calculate the slope of several Olympic bobsledding venues (http://iscibggroup.com/bobsledtracks/sochi-2014-sanki-sliding-center-olympic-track/; look under Freshly Posted on the right of the screen for more venues) and use that information to predict which Olympic track is the fastest. Students can then look at winning times at each venue for additional evidence for their prediction (http://en.wikipedia.org/wiki/List_of_Olympic_medalists_in_bobsleigh).
· Students might calculate the average velocity of an individual country’s bobsleds at each venue by researching the length of the track (http://iscibggroup.com/bobsledtracks/sochi-2014-sanki-sliding-center-olympic-track/) and the time it took for the bobsleds to finish (http://en.wikipedia.org/wiki/List_of_Olympic_medalists_in_bobsleigh). 
· Students could do calculations to determine if it is advantageous to race a bobsled at the lighter or heavier end of the weight limits as established by the rules. (http://www.olympic.org/bobsleigh-equipment-and-history)



Incorporate Video into Your Lesson Plan

Integrate Video in Instruction
As Part of the Day
· Bellringer Play the video, muted, as students are getting settled on a day when the Related Science Concepts noted earlier are a focus. Ask them to reflect on what they think are important characteristics for a competition bobsled and how the bobsled’s design features are involved. 
· Compare and Contrast Replay the video segment from 3:42 to 4:04, which shows designers using computer models to develop and test the bobsled design. Have the students evaluate the computer modeling design process from a cost/benefit perspective.
· Explain Show the video in its entirety. Introduce the idea of models and modeling as a practice of science and engineering. The following description, based on A Framework for K–12 Science Education can be used as an introduction: “Models and modeling are used in both science and engineering. They differ in that in science, models are used to help develop explanations about natural phenomena. In Engineering, models are used to analyze existing systems to identify flaws that might occur, or to test possible solutions to a problem.” (National Research Council, 2012, p. 50). Ask the students to explain two separate events within the video where scientists or engineers use models and modeling to develop explanations, identify flaws in an existing system, or test possible solutions to a problem. Also have them explain the benefits of using models and modeling in the design process.
· Homework Ask students to watch the video then review the following website (http://www.olympic.org/bobsleigh-equipment-and-history) to identify four ways a bobsled could be modified to increase the velocity of the sled without violating the rules and requirements for Olympic bobsledding, which can be found at http://sports.yahoo.com/news/rules-requirements-olympic-bobsledding-200200099.html).

As Part of a 5E Lesson Plan
If you use a 5E approach to lesson plans, consider incorporating video in these Es:
· Explore Use the SCIENCE Inquiry section of Building Faster & Safer Bobsleds Inquiry Guide to support your lessons on forces, velocity, and mass.
· Explain Use the information in the video and students’ results from the ENGINEERING DESIGN Inquiry section of Building Faster & Safer Bobsleds Inquiry Guide to support your lessons on forces, velocity, and mass.
· Elaborate Use the video to encourage students to learn more about the process of design, including how to use models and modeling and how data are used as evidence to support design decisions. Students can identify tangible and intangible costs and benefits.

Connect to … Art
Art Critique An art critique is an evaluation of a work of art. The design of the bobsled can be considered a work of art because it not only functions as vehicle in a sport but it also conveys an intended message. Show students the video and then provide them with a picture of the bobsled. Have the students describe what they see. Then have them explain how the artwork’s (sled’s) color, shape, and texture contribute to the mood, meaning, and aesthetics, followed by a description of what message the designers were trying to convey through the color, shape, and texture. The following link provides nice images as well as more background on the sleds designed by the BMW team:
http://www.popularmechanics.com/outdoors/sports/news/the-ultimate-sledding-machine-team-usa-bmw-bobsleds-15903866.

Connect to … Social Studies/Economics
Cost/Benefit Analysis Show the students the video and then provide them with websites related to BMW and the bobsled. Have student read the articles below related to BMW’s investment in the US bobsled team. Then have student evaluate and infer how the company’s investment in the bobsled and the athletes may yield financial benefits. In contrast, have the students infer potential financial downsides for BMW. Also, inferences can be made about to what extent other sports or areas will benefit from the knowledge gained from this bobsled research.
· http://www.forbes.com/sites/hannahelliott/2014/01/03/world-debut-bmws-new-bobsled-for-olympic-team-usa/
· http://www.forbes.com/sites/joannmuller/2014/01/04/bmw-designed-bobsled-barreling-toward-first-olympic-gold-for-u-s-in-78-years/
· http://www.deseretnews.com/article/765644824/BMW-US-bobsled-collaboration-turned-into-film.html
· http://www.carprousa.com/bmw-sponsors-2014-olympics-car-pro-news

Use Video as a Writing Prompt
Show the students the video and then provide them with a picture of the bobsled. Engage them in an authentic writing activity by providing the students with a choice from the following prompts.
· Imagine you are in the bobsled as it travels down the track. Describe the experience as if you were there.
· Consider the phrase “controlled violence” (video 0:48–0:53) the athlete used to describe the experience of bobsledding. Describe, in your own words, what the athlete meant by “controlled violence.”
· Take on the role of art critic for the local newspaper. After reviewing several photographs, write a critique of the bobsled as a piece of art.



Connect Video to Common Core ELA
Encourage inquiry via media research. Student work will vary in complexity and depth depending on grade level, prior knowledge, and creativity. Use prompts liberally to encourage thought and discussion. 

Common Core State Standards Connections: ELA/Literacy –
RST.6-8.1 Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions
WHST.6-8.1 Write arguments focused on discipline-specific content.
WHST.6-8.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused questions that allow for multiple avenues of exploration.
WHST.6-8.8 Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.

Facilitate Inquiry through Media Research 
Show Building Faster & Safer Bobsleds and encourage students to jot down notes while they watch. Elicit questions and problems from class members and help them determine which are better explored using print media or online resources. Then, students should brainstorm to form a list of key words and phrases they could use in Internet search engines that might result in resources that will help them answer a question or solve a problem. Review how to safely browse the Web, how to evaluate information on the Internet for accuracy, and how to correctly cite the information found. Suggest students make note of any interesting tangents they find in their research effort for future inquiry. Encourage students with prompts such as the following:
· Words and phrases associated with our question are….
· The reliability of our sources was established by….
· The science and math concepts that underpin a possible solution are….
· Our research might feed into an engineering design solution such as….
· To conduct the investigation safely, we will….

Related Internet Resources 
· http://articles.latimes.com/2013/feb/22/business/la-fi-himi-autos-scully-20130224
· http://www.livescience.com/6122-bobsled-team-high-tech-edge.html
· http://www.popularmechanics.com/outdoors/sports/news/the-ultimate-sledding-machine-team-usa-bmw-bobsleds-15903866
· http://www.olympic.org/bobsleigh-equipment-and-history

Make a Claim Backed by Evidence
As students carry out their media research, ensure they record their sources and findings. Students should analyze their findings in order to state one or more claims. Encourage students with this prompt: As evidenced by… I claim… because….

Present and Compare Findings
Encourage students to prepare presentations that outline their inquiry investigations so they can compare findings 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. 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….

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 that my ideas have changed from the beginning of this lesson because of….
· My ideas changed in the following ways….
· When thinking about the claims made by the experts, I am confused about....
· One part of the investigation I am most proud of is….

Inquiry Assessment

Assessment Rubric for Inquiry Investigations
	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.

	References cited
	Group incorrectly cited all of the references used in the study.
	Group correctly cited some of the references used in the study.
	Group correctly cited all of the references used in the study.

	Claim
	No claim was made or the claim had no evidence to support it.
	Claim was marginally supported by the group’s research evidence.
	Claim was well supported by the group’s research evidence.

	Presentations
	Groups neither effectively nor cooperatively presented findings to support their stance.
	Groups effectively or cooperatively presented findings to support their stance.
	Groups effectively and cooperatively presented findings to support their stance.

	Findings comparison
	Only a few members of the group constructively argued their stance.
	Most members of the group constructively argued their stance.
	All members of the group constructively argued their stance.

	Reflection
	None of the reflections were related to the initial questions.
	Some reflections were related to the initial questions.
	All reflections were related to the initial questions.
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