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Grades 7 & 8/Algebra Goals:  Topic: Input and Output

1.  To develop ways of increasing students' exposure to "essential" language and opportunities to use "essential" language.

2.  To understand ways of incorporating choral, pair and individual oral practice into lessons—avoiding the pitfalls of individual, pair and individual practice.

3.  To describe effective research-based practices for teaching English learners. 
4.  If time, to identify relevant websites and share resources.  

Activity 1:  Explaining Terms Using Words and Tips

Explain the term complimentary using words from the Word Bank and the Tip below:

two angles

add up to 90 degrees

right angle

not next to

whose sum is 90 degrees

Tip

Sometimes it's hard to remember the difference between supplementary (adds to 180°) and complementary (adds to 90°). One phrase that may help is   "it's right to give compliments." A right angle is 90 degrees and, yes, 'compliment' and 'complement' are not the same word, but it's a way to remember which is which.
Explain the term vertical angle using the words below:
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Activity 2:  Using a Word Bank to Define Terms

Explain the term adjacent angle using words from the Word Bank:

common vertex

common side

no common interior points

Define the term vertical angle using these words from the Word Bank: 
Word Bank 

opposite 
share vertex 
lines cross

each other 
Define the term equilateral triangle using these words from the Word Bank: 
Word Bank 
equilateral 
congruent 
three sides 
Define the term isosceles triangle using these words from the Word Bank: 
Word Bank 
isosceles 
congruent 
two sides 
 Define the term pentagon using these words from the Word Bank: 
Word Bank 
polygon 
sides 
angles 
Define the term right triangle using these words from the Word Bank: 
Word Bank 
right triangle

contains
right angle
90 degrees

Define the term acute triangle using these words from the Word Bank: 
Word Bank 
acute triangle

contains

all angles
smaller than
Define the term obtuse triangle using these words from the Word Bank: 
Word Bank 
obtuse triangle

contains

one angle
greater than

Define the term line segment using these words and expressions from the 
Word Bank:
part of line

endpoints

two

Define the term ___________ using these words from the Word Bank: 
Define the term ___________ using these words from the Word Bank: 
Activity 3:  Partner Work:  What am I?
One partner describes one of the following shapes and the other partner guesses what it is.

I am a shape.  I am a type of quadrilateral.  I have four sides.  They are all equal in length. I have four vertices.  I have four right angles.  The sum of my angles measure 360 degrees.  What am I?

I am a shape.  I am a type of parallelogram.  I have four sides and four vertices.  All of my sides are the same length.  I do not have four right angles.  What am I?

I am a shape.  I am a type of quadrilateral.  I have four sides and four vertices.  I only have one pair of parallel sides.  The sum of my angles measure 360 degrees.  What am I?

I am a shape. I am a type of quadrilateral.  I have four sides and four vertices. I have four right angles.  I am not a square because all of my sides are not equal in length.  The sum of my angles measure 360 degrees.  What am I?

I am a shape. I have three sides.  They are all equal in length.  All sides are congruent.  What am I?

I am a shape. I have three sides.  Two sides are congruent.  I have three angles. What am I?

I am a shape. I have three sides.  No sides are congruent. What am I?

I am a shape. I have three sides.  I have three angles.  One angle contains ninety degrees.  What am I?

Activity 4:  Writing Clues
Students make their own What am I?  Who am I? puzzles, using the attributes of a particular quadrilateral.  (From enVisions,  Lesson 8-5.)

Activity 5: Partner Work: Drawing
Partner A tells partner B how to draw three different types of polygons.  Partner B explains how the polygons are similar and different, using the following words: bigger than, smaller than, same length, are congruent, parallel  

Sentence Stems:  Using the Language of Comparison (Zandi)

Partner A:  Ask your partner to make comparisons.

1. How are _______________ and _______________ alike?

2. What other similarities do _______________ and _______________ have?

3. What is the most significant similarity between _______________  and _______________?

4. Is there anything else that makes _______________ and _______________ similar?

Partner B: Answer your partner’s questions, using the sentence stems below.

1. Both _______________ and _______________ are alike because _______________ .

2. Like _______________, _______________ has _______________.

3. The most significant similarity between _______________ and _______________ is _______________.

4. _______________ and _______________ are/have _______________.

Activity 6:  Choral Practice
Word Bank (examples – some words may be used twice)

forever, sides, rays, degrees, angles, right angle, degrees, acute angle, obtuse angle, scalene angle, faces, edge, vertex, line, endpoint, equilateral triangle, isosceles triangle, vertex

1.        The surfaces of a solid are called its _____.

2. Vertical angles share the same _____.

3. The place where the two surfaces of a solid meet is called an _____.

4. Edges meet at a point called the _____. 

5. A ray is a part of a _____.

6. A ray only has one _____.

7. The sun has many light _____ .
8. A ray extends or goes in one direction _____.

9. A quadrilateral is any polygon with four sides and four ______.

10. When you want to find out what type of a quadrilateral a shape is, you    

                must look at its pairs of sides or measure its _______.

11. An angle with less than 90 degrees is called an _______   _______.

12.  An angle with more than 90 degrees is called an _____ _______.

13. An angle with just 90 degrees is called a _______  _______.

14. A straight line has 180 _______.
Activity 7: Frayer Model:  Complete the Frayer Model below.

POLYGON
	Facts/Characteristics
	Definition



	Examples
	Nonexamples




Answer Key
	Facts/Characteristics

Closed

Simple 

Plane figure (2 D)


	Definition: a simple closed plane figure made up of three or more lines



	Examples

Rectangle

Triangle

Pentagon

Hexagon
	Nonexamples

Circle

Cone

Arrow (ray)

Cube

Letter A




Pythagorean Theorem

A reminder:  To develop language objectives for English learners, these steps are useful: 
1) Identify the content objective.   
2) Determine the language skills the students will need to participate in the lesson and understand it.

3) Craft a specific language objective for the lesson.  You may want students to use specific  words, sentence structures or discourse features. 
Language objectives should be: 
· 􏰀 Stated orally and posted in writing 
· 􏰀 Discussed by the teacher and students at the start of the lesson 
· 􏰀 Reinforced with explicit instruction during the lesson 
· 􏰀 Practiced and assessed during the lesson 
Lesson Activity:  
 Students will use manipulatives to explain the Pythagorean theorem. 
Language Objective:  
  Students will use five essential language features when giving an oral 




 explanation of the Pythagorean theorem. 
YOUR TURN:  
STEP ONE:  
Read the explanations below.  Which explanation would be easiest for English learners of an intermediate level of English proficiency to understand?




Explanation 1?  Explanation 2?  Explanation 3?  Explanation 4?
STEP TWO:   
Identify language features that you would need to teach English learners so that they would understand the explanation.  You may want to use some of the language features from the list below.
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theorem



hypotenuse

the square(s)

is equal to

demonstrate

concern/s

STEP THREE:    Provide a student-friendly explanation of the Pythagorean Theorem in your          own words.  Make sure that you explain language features your students may not understand by giving the students definitions or by demonstrating their meaning graphically, with a picture, or with an object.  You may choose to pre-teach language or teach language in the course of your explanation.
Explanation 1
In a right angled triangle the square of the hypotenuse is equal to
the sum of the squares of the other two sides.  (Remember that the longest side of the triangle is called the "hypotenuse”)
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	So, the square of a (a²) plus the square of b (b²) is equal to the square of c (c²):

a2 + b2 = c2


Let's see if the theorem really works using an example. A "3, 4, 5" triangle has a right angle in it, so the formula should work. 
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	Let's check if the areas are the same:

32 + 42 = 52
Calculating this becomes: 

9 + 16 = 25

Yes, it works! 


Why Is This Useful?

If we know the lengths of two sides of a right angled triangle, then Pythagoras' Theorem allows us to find the length of the third side. (But remember the theorem only works on triangles with right angles!)
How Do I Use it?

Write it down as an equation:
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	a2 + b2 = c2



Now you can use algebra to find any missing value, as in the following examples: 

Example: Solve this triangle.
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a2 + b2 = c2 

52 + 122 = c2 

25 + 144 = c2
169 = c2 

c2 = 169

c = √169 

c = 13 


Example: Solve this triangle.
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a2 + b2 = c2 

92 + b2 = 152 

81 + b2 = 225 

Take 81 from both sides: 

b2 = 144 

b = √144 

b = 12 


Example: What is the diagonal distance across a square of size 1?
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a2 + b2 = c2 

12 + 12 = c2 

1 + 1 = c2 

2 = c2
c2 = 2

c = √2 = 1.4142...


It works the other way around, too: when the three sides of a triangle make a2 + b2 = c2, then the triangle is right angled. Example: Does this triangle have a Right Angle?
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	Does a2 + b2 = c2 ?
(√3)2 + (√5)2 = (√8)2
3 + 5 = 8

Yes, it does!

So this is a right-angled triangle


Explanation 2:  The Pythagorean theorem deals with the lengths of the sides of a right triangle.

"The sum of the SQUARES of the two SHORTER sides of a RIGHT triangle will equal the square of the LONGEST side."

It is often written in the form of the equation:

a2 + b2 = c2 

The theorem states that:
The sum of the squares of the lengths of the legs of a right triangle ('a' and 'b' in the triangle shown below) is equal to the square of the length of the hypotenuse ('c').


When would I use the Pythagorean Theorem?

The Pythagorean Theorem is used any time we have a right triangle, we know the length of two sides, and we want to find the third side. For example:

I was in the furniture store the other day and saw an entertainment center on sale at a good price. The space for the TV set measured 17" x 21". I didn't want to take the time to go home to measure my TV set, or get the cabinet home only to find that it was too small.

I knew my TV set had a 27" screen, and TV screens are measured on the diagonal. To figure out whether my TV would fit, I calculated the diagonal of the TV space in the entertainment center using the Pythagorean Theorem:

172 + 212 = 289 + 441 = 730 

So the diagonal of the entertainment center is the square root of 730, which is about 27.02".

Sounds like my TV should fit, but the 27" diagonal on the TV set measures the screen only, not the housing, speakers and control buttons. These extend the TV set's diagonal several inches, so I figured that my TV would not fit in the cabinet. When I got home, I measured my TV set and found that the entire set was 21" x 27.5", so it was a good decision not to buy the entertainment center.

Explanation 3: Pythagorean Theorem 
	"In any right triangle, the square of the length of the hypotenuse is equal to the sum of the squares of the lengths of the legs."


	
This relationship can be stated as:
[image: image9.png]



for any right triangle
and is known as the
 Pythagorean Theorem.
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a, b are legs.
    c is the hypotenuse
(c is across from the right angle).


	[image: image11.png]



	There are certain sets of numbers that have a very special property in relation to the Pythagorean Theorem.  Not only do these numbers satisfy the Pythagorean Theorem, but any multiples of these numbers also satisfy the Pythagorean Theorem.  


For example:  the numbers 3, 4, and 5 satisfy the Pythagorean Theorem.  If you multiply all three numbers by 2  (6, 8, and 10), these new numbers ALSO satisfy the Pythagorean theorem.   

  The special sets of numbers that possess this property are called 
Pythagorean Triples.

The most common Pythagorean Triples are:

3, 4, 5

5, 12, 13

8, 15, 17

Example 1:
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Find x.
Answer:  10 m
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	This problem could also be solved using the Pythagorean Triple 3, 4, 5.  Since 6 is 2 times 3, and 8 is 2 times 4, then x must be 2 times 5.


Example 2:
	A triangle has sides 6, 7 and 10. 
Is it a right triangle?
Let a = 6, b = 7 and c = 10.  The longest side MUST be the hypotenuse, so c = 10.  Now, check to see if the Pythagorean Theorem is true.

	[image: image15.png]C=a+h
10°?26* +7°
100?36+49
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	Since the Pythagorean Theorem is NOT true, this triangle is NOT a right triangle.


Example 3:
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	A ramp was constructed to load a truck.  If the ramp is 9 feet long and the horizontal distance from the bottom of the ramp to the truck is 7 feet, what is the vertical height of the ramp to the nearest tenth of a foot?

	Since the ramp is described as having horizontal and vertical measurements, a right angle is implied.  Solve using the Pythagorean Theorem:

	[image: image17.png]c=a*+b

P =x*+7
81=x"+49
32=x

NENA

5.66=x




	The height of the ramp is 5.7 feet.  The ramp will allow packages to be loaded into an area of the truck that is too high to be reached from the ground.


 

4) Pythagorean Theorem
The theorem that relates the three sides of a right triangle:
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 where c is the hypotenuse and a and b are the other two legs of the triangle. 

Pythagorean theorem and right triangle facts
A right triangle has one angle equal to 90 degrees. A right triangle can also be an isosceles triangle--which means that it has two sides that are equal. A right isosceles triangle has a 90-degree angle and two 45-degree angles. This is the only right triangle that is an isosceles triangle. This version of the right triangle is so popular that plastic models of them are manufactured and used by architects, engineers, carpenters, and graphic artists in their design and construction work.
Another interesting right triangle is the 30-60-90 degree triangle. The ratio of this triangle's longest side to its shortest side is "two to one." That is, the longest side is twice as long as the shortest side. It too is manufactured in plastic and widely used in design, drawing, and building applications. 
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You can find an endless number of examples of right triangles. One of the most famous is the "3, 4, 5 triangle." 
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3-4-5 right triangle




The Egyptians used this triangle for land surveying. Some believe that they also used it to help design their pyramids. Whether they did or not, the 3-4-5 triangle is still used by surveyors. Carpenters and woodworkers also use it to make their corners square. 
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Pythagoras was a Greek mathematician who lived about 2500 years ago, and who developed the most famous formula in geometry, possibly in all of mathematics! He proved that, for a right triangle, the sum of the squares of the two sides that join at a right angle equals the square of the third side. The third side--the side opposite the right angle--is called the hypotenuse of the right triangle. The two shorter sides are usually called "legs." 
This formula is called the Pythagorean Theorem in honor of Pythagoras. It is usually written as the equation below, where a and b are the measures of the legs of the triangle and c is the measure of the hypotenuse. 
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Let's try out the Pythagorean Theorem using this right triangle with sides of 5 and 12 cm, and a hypotenuse of 13 cm. We can verify that the Pythagorean Theorem is true by substituting in the values. The square root of 169 is 13, which is the measure of the hypotenuse in this triangle. 
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The Pythagorean Theorem has many uses. You can use it to verify whether or not a triangle is a right triangle. Or you can use it to find the missing measures of sides. Let's use the Pythagorean Theorem to find the missing measure of the leg of the right triangle SAM. 
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Substitute the values into the formula and perform the calculations, like this. We find that the square of the hypotenuse, or c squared, is equal to 400. To find c, we take the square root of 400, which is 20. This is the value we're looking for, the missing measure of the leg, 
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5) In a right triangle, the square of the hypotenuse is equal to the sum of the squares of the other two sides. 
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Find the hypotenuse

If we know the two legs of a right triangle we can solve for the hypotenuse using the formula: 
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where a and b are the lengths of the two legs of the triangle, and
h is the hypotenuse. 


Find a leg

If we know the hypotenuse and one leg, we can find the other leg using the formula: 
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where a is the leg we wish to find
b is the known leg
h is the hypotenuse. 

The Converse of the Pythagorean Theorem

The converse of this theorem is also true. That is, if a triangle satisfies Pythagoras' theorem, then it is a right triangle. Put another way, only right triangles will satisfy the theorem.
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