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Lesson Title:  Robo-Ruler
Draft Date: March, 2009
1st Author (Writer): Robert Jensen
Algebra Topic: Measurement, to the nearest 1/8th of an inch.
Grade Level: 4-6
Content (what is taught): 
Use of a standard ruler, to the nearest 1/8th of an inch.

Measurement

Circumference

Context (how it is taught):

Measuring the path a robot drives.

Activity Description:

In this lesson, students will use a piece of string to measure the circumference of the CEENBot’s tire. They will then use the string to estimate how many times the wheel of the robot will go around on a specified coarse.  Using that estimation, they will calculate how far the coarse is.  

Standards: 

· Math –A1, A2, D1, D2, E1
· Science – A1, A2
· Technology -  C2, D3, F1
Materials List: 

· CEENBot

· Masking Tape

· String

· Scissors

· Pencil

· Paper
ASKING Questions (Robo-Ruler)
Summary:  Students will makes predictions of the best way to use tire circumference to estimate the distance traveled on a specified path.

Outline: 

· Demonstrate driving the CEENBot on a course

· Practice measurement with pieces of string
Activity: 
The teacher will demonstrate using the CEENBot to drive from one point to another.  The CEENBot will be dragging a string that can be measured later.

	Question
	Answer

	How can we use the CEENBot to help us measure? 
	Measure the wheel’s circumference and use that to measure the distance it travels. 

	How can a wheel’s circumference be used to tell us how far a specified path is? 
	Each rotation of the wheel is one circumference, find out how many times that wheel will go across and multiply rotation 

	What is the real life use of this experiment?  
	Car manufacturers use this technique when finding the miles per hour on the speedometer. 
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EXPLORING Concepts (Robo-Ruler)
Summary:

Students will discover the relationship between circumference of a tire and length of a string. 
Outline:

· Students will use a string to measure around the tire and find its circumference

· The students will measure the string to the nearest 1/8th of an inch

· Students will use the number of string lengths on a specified path to estimate the length of the course

· The students will measure the course with rulers, to the nearest 1/8th of an inch.
Activity: 

1. Students will begin the lesson by defining circumference using the kids encyclopedia website

2. Students will use a string to measure the distance around the wheel, finding the distance around the wheel.  This measurement is the circumference.

3. Students will take their string and measure it on a specified path.  Once each student finds out how many strings the path with take, they can estimate the total length of the path using the equation (Path = String x Circumference)

4. Students will then drive the CEENBot.  Next, count the number of rotations the tire makes and compare that to the amount of rotations they predicted with the string.  Another student will drive the CEENBot on the path again, and drag a string along its path.  Students will use the yardstick to measure the total distance of the “full path” string and compare this information with the prediction they made using the earlier equation.
Online Resource:

http://encyclopedia.kids.net.au/page/ci/Circumference provides a good definition of circumference with some built in equations



INSTRUCTING Concepts (Robo-Ruler)
Distance = rate * time 

Putting “Distance = rate * time” in Recognizable terms:  Distance = Rate * Time is a formula that is prevalent in algebraic settings.  The formula is a linear equation with the rate serving as slope. 

Putting “Distance = rate * time” in Conceptual terms:  Distance = Rate * time is a formula that shows the relationship between three variables distance, rate, and time.  If two are known the third can be calculated.  The formula is linear and an example of direct variation.

Putting “Distance = rate * time” in Mathematical terms:  The formula give distance as either a function of rate or time with the other serving as a constant of variation.  What this means is if the rate is held constant the distance will increase as the time increases (distance as a function of time) or is the time is held constant the distance will increase as the rate increases (distance is a function of rate).

Putting “Distance = rate * time” in Process terms:  Thus if you know the rate and the time of the object you can calculate the distance.  If you know the distance traveled and either the rate or time you can calculate the one.  The ordered pairs (rate, distance) or (time, distance) are infinite and if graphed will form a straight line.

Of note, is that this modeling situation can be used by students to make predictions about future events and is a concrete way of developing a linear equation that students can apply in other settings. 

Putting “Distance = rate * time” in Applicable terms:  The formula models the real world.  It can apply anytime that an object is in motion at a constant rate or for a constant time.  If you drive a robot faster it will go farther in the same amount of time or if you maintain a constant speed the robot will go farther in a longer time.  To create a situation that models the real world, drive the robot at a constant speed for a determinable length of time and measure both the speed and time.  The distance will be equal to the rate driven times the length of time driven.

ORGANIZING Learning (Robo-Ruler)
Summary:

Students will use a data sheet to record the circumference of the robot’s wheel, predictions, wheel rotations, and actual distances traveled. 
Outline: 

·  Students will collect data throughout the lesson

·  All measurements are to the nearest 1/8th of an inch.

Activity:

Students will use the attached data sheet to record all their learning.  At the beginning of the lesson, students will write the definition in their own words.  Students will use the worksheet to document each step of the way as they work.  This worksheet will be used as an assessment.
Worksheet: RoboRulerWS.doc

UNDERSTANDING Learning (Robo-Ruler)
Summary:  Students will write a paragraph on measurement.  
Outline: 

Formative Assessment of measurement to the nearest 1/8th of an inch.

Summative Assessment of measurement to the nearest 1/8th of an inch.
Activity:

Formative Assessment

As students are working, check for understanding by discussing the following with students:

· Ask about predictions of measurement and ways of using circumference to predict.

· How do you define circumference and its importance?

Summative Assessment

Students will write a “closing paragraph” of the lesson.  In the paragraph they will discuss the following:

· What is circumference and why is it important to know it?

· How can you use circumference to assist you with making predictions on length?

· What are some real world applications where you would need to use your knowledge of circumference?
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