C3i Thinking Lesson Plan: RUBE-GOLDBERG
LESSON #1
	PART A: Overview of the Challenge

	Grade/Course Code:

SPH 4U1
	Strand: 
Energy and Momentum

	Overall Expectations:
A1, C1, C2, C3, C2.3, C2.4

	Topic:
Energy
	Issue:
Devices that use energy transformations and conservation

	STSE Opportunities:
Analyse, and propose practical ways to improve, a technology or procedure that applies the principles of energy transformation and conservation.

	Learning Goals:

(SIS; key concepts/understandings)
· Through the collaborative process, construct their device that uses different forms of energy transfers, as required.
· Engage effectively in a collaborative problem solving process, building on others’ ideas and expressing their own clearly.
· Document their construction and learning in a Learning Log.


	Critical Inquiry Question:

What are some practical devices that use energy transformations and how can an understanding of these devices allow us to construct the Rube-Goldberg apparatus?

	Critical Challenge:
Construct their Rube-Goldberg device, ensuring at least 8 transfers of energy from one body to another and 4 transfers from one form to another. 

	Nature of the Inquiry:

· Critique – evaluate the success/failure of the different design features during the construction phase
· Judge – from the design elements choose those that need to be modified, added or removed
· Rework – during the construction phase, modify the design based on its performance
· Decode – decode the key ideas of energy transfers and how they are present in practical devices.
· Design – keep track of the construction of the device and behavior of the design features within the Learning Log
· Perform – video record the final operation of the Rube-Goldberg machine


	Safety Inquiry:

· All design elements are to receive approval by the teacher prior to the construction of the device.

· Students are to wear impact glasses during the operation of the Rube-Goldberg device.
· Any elements that involve heat energy or chemical energy are to be closely supervised and minimized for risk, according to board policy.
Criteria for ensuring safety:

· A review of safety rules and safety criteria with students prior to design.

· Teacher approval of design prior to construction.
·  Substitution of hazardous elements with less hazardous elements where possible.



	Intellectual Tools to Support Inquiry
	Assessment opportunities: 

· for and as learning 
· peer and self-assessment



	Background Knowledge:

· How does energy transform from one type to another?
· What factors can affect the transfer of energy from one body to another?
· What are some examples of devices that use these energy transfers?

	- self assessment of thinking using the thinking rubric

- teacher feedback (using the thinking rubric) in the group and individual learning log
- teacher providing descriptive feedback through conferencing with the group ongoing throughout the design phase 

- ranking of components based on practical use

- reflecting on and defending an opinion to others

- assessing strengths and needs of peer suggestions

- compare and contrast student work against the product rubric

- use of exemplars to anchor student generated design



	Criteria for the construction:

·   Students clearly communicate their own ideas and respect other ideas
·   Construction planning and procedure is documented in the Learning Log along with the responsibilities of each member
·   Types and transfer of Energy concepts discussed in class are included in the design

	

	Criteria for Rube-Goldberg device:

· Once the device is started, it must run without intervention. Each intervention results in a mark deduction

· Cascading dominoes, series of pulleys/ramps within the same section count as only 1 energy transformation
·  The energy required to start the task does not have to be input at the beginning. Sources of energy such as batteries, mousetraps, falling weights, candles, etc. may be preloaded/activated before the start of the machine
· No live (or dead) animals
· See attached Rubric for more detailed criteria

	

	Critical Thinking Vocabulary:

· Analysis
· Concept

· Opinion

· Design

	

	Thinking Strategies:

· Problem Solving
· Hypothesizing and Testing
· Learning Log

	

	Habits of Mind:

· Applying past knowledge to new situations
· Thinking Interdependently

· Communicating clearly
	


	PART B: Steps for teaching to the Challenge

	Introduction:
1. Establish the time-lines with students (1-2 weeks dedicating about 3-4 periods within that time span should be sufficient. However, students will probably have to use time beyond just these periods to complete the task). 

2. Introduce the Learning Log and the expectations regarding the need to document the design, construction and revision process, along with the thinking process.
3. Teacher will lead a discussion regarding forms of energy and energy transformations, connecting with the concepts of kinetic, potential and heat energy taught in the previous course (SPH 3U1). An effective way to do this is a group activity, focusing on what they remember. Students put their ideas on post-it notes and then add their notes with those of other groups under the headings such as: “Kinetic Energy”, “Potential Energy” and “Kinetic Energy” and “Energy Transformations”, with the teacher summarizing each category and adding additional information that might have been missed. The teacher will then extend this to add the category “Elastic Energy” with some basic concepts about that form of energy. If facilities permit, this could also be done as a collective google document.
4. Teacher will lead a class discussion, expanding on the Critical Thinking Vocabulary from above:

· What does the vocabulary word mean? 

· What does it look like in practice, specifically in terms of the design phase of the device? 
The Smarter Science vocabulary chart can be used as a resource for this discussion.
5. Review video examples of Rube-Goldberg devices from the web. Use a focused observation approach when watching the support videos (more than one viewing by the students may be required):

· What are the different forms of energy they are using?
· How do they incorporate these different forms?
· How do they transfer between the different forms?
6. Within their groups, students begin brainstorming the different energy forms they can include in their device and how it can be incorporated.

7. Students will rank their component ideas based upon

· Practicality

· Ease of Use

8. Students will begin organizing their components in a logical sequence, with consideration given to how energy can be transferred between each component.
9. Establish the roles for each member (who will be responsible for what).
10. Students will complete the reflection questions in the learning log.




	PART C: Supporting resources

	1. Ok Go Rube-Goldberg Video on YouTube: https://youtu.be/qybUFnY7Y8w
2. 2013 AP Physics Rube-Goldberg Video on YouTube: https://youtu.be/_vacNFcN0is
3. http://coolmaterial.com/roundup/rube-goldberg-machines/
4. Learning Log Black-Line Master


	PART D: Tying back to Line of Inquiry/Overarching Challenge

	1. What are some common practical devices that use different forms of energy? How can they be incorporated into the Rube-Goldberg machine?
2. What are some possible energy losses in the machine and how can they be overcome?


	PART E: Future connections/directions

	1. In the design phase, students really  need to consider equipment that can reasonably be used or obtained. This needs to be considered early or it could result in a massive design overhaul later on.



