SPIRIT 2.0 Lesson: 

How Far Am I Traveling?
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Cartoon Illustration Idea: Maybe someone crazy driving a robot? Or someone driving a robot on a measuring stick?

Content (what is taught): 

· Apply the Pythagorean Theorem
[image: image1.wmf].
· Utilize Pythagorean Theorem to find the length of a line between two points.

· Explore Pythagorean Theorem to help discover the distance formula.


Context (how it is taught):

· The robot travels between two points on a Coordinate Grid. 
· Calculate the distance between these two points by using the Pythagorean Theorem.
· Use Pythagorean Theorem to discover lengths of other sides of triangles.
Activity Description:

In this lesson, there will be a coordinate grid on the floor of the room and the students will use the robot to discover the distance between two points. The students will use the robot to travel the distance from one point to another point, but the robot can only travel horizontal or vertical, which is parallel to the axis. The students will record the beginning and ending points on a chart. After the students maneuver from one point to another, they will see that they have created a right triangle and can use the Pythagorean Theorem to find the distance of the hypotenuse created. This information will lead to discovering the distance formula between any two points.

Standards: (At least one standard each for Math, Science, and Technology - use standards provided)

· Math—B2, C1, C2, D2

· Science—E2

· Technology—A4, C1, D3
Materials List: 

· Classroom Robot

· Coordinate Grid

· Graph Paper

· Yarn

· Measuring Tools

· Scissors

ASKING Questions (How Far Am I Traveling?)
Summary: 

Students are asked how they will find the length of a line that connects two points on the floor or table.

Outline
· Show the two points on the floor.

· Drive the robot from one point to the other.

· Tell students that they have a line that connects these two points.

· Determine ways to find the distance.

Activity:

Start by asking the questions below to see if the students understand these prior knowledge topics.

	Questions
	Possible Answers

	How can we determine the length of the line?
	We can use a string, drive the distance, and then measure the length of the string.

	How can we draw a figure to help us find this length?
	We can draw a right triangle using the length of the line as the hypotenuse. (After the students understand this concept, the teacher can point out the use of the Pythagorean Theorem.)

	Do we know how to find the coordinates of the two points? 
	We can use the coordinate plane that we drew to figure out the ordered pair .

	Can we use the ordered pairs to help us find our answer?
	After we know the Pythagorean Theorem, we can use the ordered pairs to determine the distance formula between two points.


Image Idea: Picture of the floor where the coordinate plane is drawn out.

EXPLORING Concepts (How Far Am I Traveling?)
Summary:  

Students use the robot to travel the distance between two points and find the distance between these two points.

Outline:
· The robot travels between the two points.

· The students observe that traveling from one point to the other creates the hypotenuse of a right triangle.

· The teacher will ensure that the robot only travels parallel to the two axes.

· The students will then find the length of the horizontal and vertical lines that connect the two points.

Activity:

The students will split up into groups of four or five students. The students will each have a coordinate plane to work with and many sets of ordered pairs that they will use on the floor. The students will use the classroom robot to travel between these two points and can attach a piece of string to the back of the robot to find the length of the line connecting the two points.  

After they have determined the length of the line created, the students will need to draw the legs for a right triangle that includes the two points. The two legs will be parallel to the two axes, and the original line will be the hypotenuse. Once the students have drawn the triangle, they will need to find the length of the horizontal and vertical lines of the right triangle. After the students determine these lengths, they will use the Pythagorean Theorem to find out the length of the original line (hypotenuse). Once they have calculated the length using the Pythagorean Theorem, the students can determine if their original measure was accurate.  

Once the students have found the length of the hypotenuse, they can use the Pythagorean Theorem in other ways to find the lengths of other sides of triangles. To ensure the students understand the Pythagorean Theorem, ask yourself these questions to assess the lesson.

1.
Did the students use the correct measurement when finding the distance?

2.
Did the students use the Pythagorean Formula correctly?

3.
Can the students use the Pythagorean Formula to find the lengths of other sides of the right triangle?

Videoclip Idea: Have a video with the robot driving around the room and traveling from one point to the other.

INSTRUCTING Concepts (How Far Am I Traveling?)

Pythagorean Theorem

Putting “Pythagorean Theorem” in Recognizable terms:  The Pythagorean Theorem establishes the quantitative relationship between the three sides of any right triangle. It applies to all right triangles.  A right triangle is any triangle that contains one right angle (90 degrees).

Putting “Pythagorean Theorem” in Conceptual terms:  The hypotenuse of a right triangle is the side across from the right angle. The hypotenuse does not touch the right angle. The other two sides, the sides that include the right angle, are called the “legs” of the right triangle. These legs may be called “a” and “b”. The hypotenuse is often called “c”. The sum of the squares of the lengths of the legs of a right triangle is equal to the square of the length of the hypotenuse of that right triangle.

Putting “Pythagorean Theorem” in Mathematical terms:  a 2 + b 2 = c 2. Then by algebraic rearrangement, the following relationships are also true for all right triangles:
1.
c  = SQRT(a 2 + b 2)

2.
a 2 = c 2 – b 2


and 

b 2 = c 2 – a 2
3.
a = SQRT(c 2 – b 2)

and

b = SQRT(c 2 – a 2)

Putting “Pythagorean Theorem” in Process terms:  Due to the Pythagorean Theorem, we can solve for any unknown side of a right triangle if we know the lengths of the other two sides (by simple substitution).

Putting “Pythagorean Theorem” in Applicable terms:  Drive the robot along a straight line from the origin. Stop it at irregular (random) time intervals and estimate its position by looking at the coordinates of its position at rest. Calculate the distance it has traveled by taking the square root of the sum of the squares of the legs of the right triangle formed by the x coordinate, the y coordinate, and the origin.

ORGANIZING Learning (How Far Am I Traveling?)
Summary:  

Students are using triangles made by points on a coordinate plane to find the length of a missing side by connecting the two points.

Outline:
· Use points on a coordinate plane to find the lengths of line segments.

· Find the distance between these two points using a string attached to the robot.

· Calculate distance between these two points using the Pythagorean Theorem.

Activity
Students will drive the robot between two points and determine the length of the line created between these two points. After students determine the length of the line between each set of points, they will chart their data on the worksheet. Students will estimate the length of the string, as well as determine the true length by the Pythagorean Theorem.

Worksheet Idea: A simple chart that has the points and the length of a, b, and c. 

	Point 1
	Point 2
	Estimation
	Leg A
	Leg B
	Hypotenuse C

	(2, 5)


	(7, 4)
	
	
	
	

	(-1, 6)


	(-2, -6)
	
	
	
	

	(4, 7)


	(5, 8)
	
	
	
	


UNDERSTANDING Learning (How Far Am I Traveling?)
Summary: 
Students will complete a short worksheet that will require them to use the Pythagorean Theorem to find the length of a missing side in a triangle.

Outline:

· Summative assessment of Pythagorean Theorem (Worksheet)

Activity:

Students should be able to answer these short questions to verify that they are using the formula correctly.

In Exercises 1 – 6, use the sides given to draw a picture of the triangle created,,,,,,,, and then find the missing side of the right triangle. All measurements are given in cm.
1) a = 4, b = 3

____________
2) a = 2.5, b = 1.5
____________


3) a = 4, c = 10
____________
4) b = 5, c = 8

____________


6) a = 17, b = 21
____________
6) a = 9, c = 15
____________


In Exercises 7 – 10, find each missing length.  All measurements are in centimeters.

7) x = _____________



8) x = _______________


9) x = _____________



10) d = _______________


x





15





10





20





x





5





24





d





10





x





10
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