SPIRIT 2.0 Lesson:

Roller Coaster Robot (Area under a curve)
==========================Lesson Header ==========================

Lesson Title:  Roller Coaster Robot

Draft Date: July 17, 2008
1st Author (Writer): Rachel Neurath  

2nd Author (Editor/Resource Finder): 
Calculus Topic: Approximating the area under a curve using upper and lower Riemann sums
Grade Level: Secondary, College
Cartoon Illustration Idea:  A robot riding a roller coaster
Outline of Lesson 
Content (what is taught): 
· Continuity of a curve

· Differentiability of a curve

· Finding the area under the curve.


Context (how it is taught):

· Students will design and construct a roller coaster for the robot.
· Area under the curve will be found using upper and lower sums.
Activity Description:

In this lesson, students will reinforce the idea of continuity and differentiability.  They will build a roller coaster that the robot can drive on.  In approximating the area under the curve, they will use both upper and lower Riemann sums.  
Standards: (At least one standard each for Math, Science, and Technology - use standards provided)

Math

B1, B3, D2 
Science

E1
Technology
A3
Materials List: 

Classroom Robot(s)


Plastic sheeting (wide enough for robot to drive on)

Wood, other materials to act as roller coaster support structure.

Notebook, graph paper

ASKING Questions (Roller Coaster Robot)
Summary: Students are asked what qualities are necessary for a roller coaster.
Outline:

· Show pictures of various roller coasters
· Ask about qualities in terms of calculus vocabulary

· Determine parameters needed for students’ coasters

Activity: 

	Questions
	Possible Answers

	· Does a roller coaster need to be continuous?
	Yes

	· What would happen if the track had a discontinuity?
	Robot/car would fall off or stop.

	· Does a roller coaster need to be differentiable?
	Yes – curves must be “smooth”

	· What does non-differentiable look like?
	Asymptotes, cusps, sharp peaks

	· Are all roller coasters functions?
	No – loops would fail the vertical line test

	· Does our roller coaster need to be a function?
	Yes – robot cannot drive a loop (It doesn’t go fast enough to “grab” onto the track)


Image Idea:  Roller Coasters – Robot riding a roller coaster.
Lesson Folder File: 
EXPLORING Concepts (Roller Coaster Robot)
Summary:    Students will create a roller coaster that the robot can drive.
Outline:

· Students will be placed in groups of 3 – 4.

· Students will sketch their roller coaster idea on paper.

· Students will experiment will roller coaster design on a website such as www.learner.org/interactives/parkphysics/coaster/.
· Students will build their roller coaster.

· After attempting to drive the robot on their roller coaster, students will make adjustments as necessary.

Activity: 


Students will research and sketch their roller coaster design prior to construction.  A set of axes will be set along the wall and the floor (leaving only Quadrant I).  After the students have constructed their roller coaster, they will attempt to drive the robot along the track.  If the robot cannot drive the track, adjustments will be made.  Students will document their work in a notebook.

Videoclip Idea:  
Lesson Folder File: 
INSTRUCTING Concepts (Roller Coaster Robot)
Note: The instructing concepts section will be provided by the instructional writing team. 
ORGANIZING Learning  (Roller Coaster Robot)
Summary: Once the roller coaster has been built, students will approximate the area under the curve.  
Outline:

· Using the axes on the wall and floor, sketch your roller coaster onto graph paper.  
· Draw a set of rectangles that stay inside the curve to approximate the area under the curve (Lower Riemann Sums).  
· Calculate the area of each rectangle and add to approximate the area under the curve.
· Draw a set of rectangles that go outside the curve to approximate the area under the curve (Upper Riemann Sums).

· Calculate the area of each rectangle and add to approximate the area under the curve.

· Repeat using rectangles of different widths and record data on spreadsheet.
Activity:


Students will sketch their roller coaster into their notebooks (using grid paper).  They will then create a series of rectangles to estimate the area under the curve.  As they progress, they will use more rectangles of smaller widths to create the best estimate.
Worksheet Idea: 
	Number of Rectangles
	Area of each rectangle using lower sums
	Sum
	Area of each rectangle using upper sums
	Sum
	Estimated Interval :  ___ < area < ___

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


UNDERSTANDING Learning (Roller Coaster Robot)
Summary: Students will successfully complete a series of Riemann Sums problems.
Outline:

· Students will complete a set of Riemann Sums problems in preparation for the unit exam.

· Students will write a reflection of the activity in their notebooks.
· After the next lesson (on the definite integral), students will compare and contrast the two methods – Riemann Sums vs The Definite Integral. 

Activity:
Sample of guiding questions for reflection:
1. What parameters did you need to follow in order for the robot to successfully navigate the roller coaster?

2. What aspects of construction did you find needed the most adjustment?

3. What did you notice as you increased the number of rectangles?  

4. What would happen if you had an infinitely large number of rectangles?

5. What would you suggest be done differently with next year’s class?

Formative Assessment

Problem set from textbook, or previous AP Calculus Exam questions. 
Summative Assessment

Standard unit exam on integration – either from textbook or teacher created.
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