


THE POWER OF ALGEBRA 

PROGRAM ONE 

INVERSE OPERATIONS 

A. SYNOPSIS 

This program will: 

Explore the nature of variables: how letters, etc., are used as 
placeholders for numbers. 

Introduce the process of solving algebraic equations through forming 
equivalent equations. 

Demonstrate how algebra is used in everyday life to solve problems. 

NCTM STANDARDS ADDRESSED IN PROGRAM ONE 

STANDARD GRADES 6-8, 9-12 
Number and Operation 
 

Students should understand meanings of operations 
and how they relate to one another 
 

Patterns, Functions, & Algebra 
 

Students should represent and analyze mathematical 
situations and structures using algebraic symbols. 
 

Geometry 
 

Students should use visualization, spatial reasoning, 
and geometric modeling to solve problems. 
 



  

NOTE TO THE TEACHER: Every formula is an equation. 

 

B. VOCABULARY 

 

 



E. FOLLOW-UP ACTIVITIES 

1. Balancing the Scale 
For this activity, you will need: a pan balance or a beam balance and appropriate weights (or common 
classroom objects). Show how the weight of two or more objects can be equal to the weight of a single 
object. Write this as an equation. (Example: 2 + 3 = 5) 

Place additional weight(s) on one side so the scale becomes unbalanced. Discuss what must be done to 
balance the scales. Write this as an equation. (Example: 2 + 3 + 1 = 5  + 1) 

2. Using Algebra Tiles 

 
While working in small groups, have the students use algebra tiles to model the following equations, 
and then use the model to solve the equation. After all groups have completed the modeling 
activity, then the students should model the process of solving each equation on the overhead 
projector. Be sure to allow students to show alternative methods of solving, if they modeled 
differently than what was presented on the overhead. 

 



 



 



 

 

 

 



F. STUDENT WORKSHEET 

INVERSE OPERATIONS 

Use inverse operations to solve the following. Be sure to check your answers. 

  

  

  

Write an equation for the following situation and solve. 

A plumber charges $45 for a service call plus $22 per hour. If the bill from the 
plumber was $133, how many hours did he work? 

Name

1. 32.5 + y = 60 2. x / 2 2  =1/2 

3. a-543 = 76 4. 17x = 136 

5. 3y + 2 = 27 6. 2a-3 = a + 2 



 

 



THE POWER OF ALGEBRA 

PROGRAM TWO

 

A.  SYNOPSIS 

This program will: 

Define the order of operations for multiplication, division, addition and 
subtraction. 

Define the order of operations within grouping symbols relative to 
multiplication, division, addition and subtraction. 

Define exponents and the order of operations with exponents and 
grouping symbols. 

Discuss how these rules may be used to simplify algebraic problems. 

NCTM STANDARDS ADDRESSED IN PROGRAM TWO 

 



  

FACTOR...... If two numbers a and b are multiplied together to form a 
product ab, then a and b are called the factors of the product ab. 

POWER........ If the number a is used as a factor n times, the product may 
be written as a". A product of the form a" is called a power. 

In the power a", a is called the base of the power and n is 
called the exponent of the power. 

NOTE TO THE TEACHER: 

a)   In the power a", n is called a superscript. 

b)   b) xn is read "x sub n" where sub stands for subscript and is 
not the same as the power x".   

OPERATION........ Addition, subtraction, multiplication or division of real numbers. 

 

B. VOCABULARY 



 



d)   Fourth, perform addition and subtraction as they occur, starting on the left of the 
expression and moving to the right. 

Ex.   50-2 = 48 

5. Have the students show that a different result would have been obtained in step 4 if a 
different order of operations had been applied. 

 

 

 

 

 

 



E. STUDENT WORKSHEET 

ORDER OF OPERATIONS #1 

Compute each of the following: 

 

 

 

 

 

Pick a problem from the first column and compare it to its partner in the second column. Did the 
answers change even though the problems were using the same numbers and operations? Explain. 

 

 

 

  

  



E. STUDENT WORKSHEET 

ORDER OF OPERATIONS #2 

Simplify the following expressions: 

 

 

Get out your calculator and determine if the calculator follows Order of Operations. Simplify the 
expression below by hand and record your answer. Type the entire expression into your 
calculator before pressing the "=" key. Does your calculator follow Order of Operations? 
Explain. 

 

Now use your calculator to simplify the following expression. 

 

Name

 



 



 

 



THE POWER OF ALGEBRA 

PROGRAM THREE 

BASIC PROPERTIES 

A. SYNOPSIS 

This program will: 

Explore the properties of addition and multiplication of numbers and variables. 

Explore a property of multiplication of variables and numbers that 
is linked with the addition of variables and numbers. 

Discuss how these properties may be used to simplify algebraic problems. 

NCTM STANDARDS ADDRESSED IN PROGRAM THREE 

 



 



 



6.   Use an area model to illustrate the commutative property of multiplication. 

 

 

 

8.   How do the commutative, associative, and distributive properties relate to the 
Order of Operations? 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 



 



THE POWER OF ALGEBRA 

PROGRAM FOUR 

THE POSITIVE AND NEGATIVE NUMBERS 

A. SYNOPSIS 

This program will: 

Explain the real number line and the effect of 
directions on the set of real numbers. 

Explore the relationship between positive numbers, negative 
numbers, and zero. 

Demonstrate the need and uses of positive and negative 
numbers. 

Use the real number line to define subtraction of real 
numbers. 

Define subtraction of signed numbers. 

NCTM STANDARDS ADDRESSED IN PROGRAM FOUR 

 



 

 

 



 



D.   STUDENT WORKSHEET 

THE POSITIVE AND 
NEGATIVE NUMBERS #1 

1.   Complete the chart with a signed number to indicate the difference in actual weight and normal 
weight for each child. 

 

 

 

4. Write an inequality to show the relationship between the elevations of 300 feet below sea level and 
of 48 feet below sea level. 

Name



 



 



THE POWER OF ALGEBRA 

PROGRAM FIVE 

USING POSITIVE EXPONENTS  

A.   SYNOPSIS 

This program will: 

Define exponents using positive integers and scientific notation. 

Illustrate the usefulness of exponents. Discover the rules of using 

positive exponents. 

Reinforce the use of exponents in computing square and cubic 
measures. 

NCTM STANDARDS ADDRESSED IN PROGRAM FIVE 

 



 



 

 

 

 

 



 

 



 

 



 

 



 

 



 



THE POWER OF ALGEBRA 

PROGRAM SIX 

POLYNOMIALS AND EQUATIONS 

A.  SYNOPSIS 

This program will: 

Develop an understanding of like terms and unlike terms. 

Develop a definition of polynomials. 

Explore the nature of different kinds of polynomials. 

Present methods for solving two equations in two unknowns. 

Demonstrate ways to solve verbal problems with two unknown quantities. 

 



B. VOCABULARY 

CONSTANT ... a known quantity; a number. 

FACTOR......... if two numbers a and b are multiplied together to form a product ab, then a and b are 

called the factors of the product ab. COEFFICIENT.. in the expression 

5xy, each factor is the coefficient of the other factors: 

5 is the coefficient of xy 

5x is the coefficient of y 

5y is the coefficient of x 

xy is the coefficient of 5 TERM ............. a mathematical expression using numerals, or 

variables, or both, to indicate a product 

is called a term. Terms are joined by plus (+) or minus (-) signs. 

Example: 4x, 7, 2xy, and       x    are all terms. 
x + y 

NOTE TO THE TEACHER: "MONO" means ONE. 
"BI" means TWO. 
"TRI" means THREE. 
"POLY" means MANY. 

MONOMIAL......... a monomial is a term which is either a numeral, such as 5; or a variable, such as x; 

or a product of a numeral and one or more variables, such as 2x3 or -4xy. 

BINOMIAL ........... an expression consisting of exactly two unlike terms, such as x3 - y3. 

TRINOMIAL ........ an expression consisting of exactly three unlike terms. 

Example: ax2 + bx + c 

POLYNOMIAL .... any sum of monomials. 

Example: 5x2 + 3y2 - 3x + 2y 

 



LIKE TERMS.........terms of an algebraic expression with exactly the same variable 
part are called like terms. Example: 3a 
and 6a are like terms. 

UNLIKE TERMS ......terms that do not have exactly the same variable are unlike terms. 
Example: 3a and 6a2 are unlike terms. 

C.   PRE-PROGRAM ACTIVITY 

1.   Discuss what happens if you have 3 apples and 2 oranges and you put them all in the same 
bowl. You have a bowl containing 5 pieces of fruit, but they are still distinguishable as 3 
apples and 2 oranges. The same thing is true if you have 3x and 2y. If you wish to add 
them, all you can do is write 3x + 2y. 

D.  DISCUSSION QUESTIONS 

1.    Summarize the main ideas of the program. 

2.   Can you find any real life applications for two equations in two variables? 

3.   What happens to the solution if you have just one equation in two variables? 
Example: x + y = 6 (Infinite number of solutions.) 

4.   Graph x + y = 6 to see why it is said to have an infinite number of solutions. 

5.   Is 3x2 + 4x - 6 a polynomial? Explain. Are 3x2 and 4x like terms? Explain.   

NOTE TO THE TEACHER: We call this a polynomial in one 
variable. Any equation in the form ax2 + bx + c = 0 is called a 
polynomial equation in the second degree and also a quadratic 
equation.  



E.   FOLLOW-UP ACTIVITIES 

1.   Can you solve 2x + 3y = 5 and 4x + 6y = 10? Graph them. These are called 
dependent equations. 

2.   Can you solve 2x + 3y = 5 and 2x + 3y = 10? Graph them. These are parallel lines. 

3.   Solve 2x + y = 8 and y - x = 2. Graph 2x + y = 8 and y - x = 2. What are the 
coordinates of the point when the two lines intersect? 

4.   In the set of equations, is y = 8 - 2x the same as 2x + y = 8? By using substitution in the 
second equation, then, is (8 - 2x) - x = 2 true? Solve this equation, and compare the 
solution to the solutions in Question 3, above. 

5.   Discuss the three different ways to find the solution to two equations with two 
variables. The first method is called the algebraic method; the second, the graphing 
method; and the third, the substitution method. 

6.   Which method(s) are most reliable for getting the solution set? Which are least 
reliable? Explain. 

7.   Have students work in groups to set up and solve reading problems that require two 
unknowns. 

Example:        If a boat that requires 3 hours to travel 

60 miles downstream needs 5 hours to return, find 

the rate the boat can travel in still water, and the rate 

of the current. 

Remember:    d = rt 

Solution:        Let    r = rate of the boat in still water c = 

rate of the current 



 

 

 

 



 

 

 



 



 



THE POWER OF ALGEBRA 

PROGRAM SEVEN 

FACTORING I 

A.   SYNOPSIS 

This program will: 

Define variable, constant, term, polynomial, monomial, binomial, 
trinomial, factor, multiple, prime factor, divisor, the degree of a 
polynomial, and quadratic equation. 

Develop some techniques for factoring polynomials of the form x2 + 
bx + c. 

Determine solutions for the equation x2 + bx + c = 0. 

NCTM STANDARDS ADDRESSED IN PROGRAM SEVEN 

 



  

VARIABLE .......... a letter of the alphabet used to stand for an unknown quantity. 

CONSTANT ......... a known quantity; a number. 
Example: 6 ,140 , -8 , 3 / 5 , 2.7 

TERM ................... a mathematical expression using numerals, or variables, or 
both, to indicate a product is called a term. Terms are 
joined by plus (+) or minus (-) signs. Example: 4x, 7 , 
2xy , and x / (x + y) are all terms. 

NOTE TO THE TEACHER: In this program, constants will be 
integers. 

  

MONOMIAL ....... a term which is either a numeral, such as 5; a variable, such 
as x; or a product of a numeral and one or more variables. 
Example: -3v2, 2t, 4x3, 5 , 2ab2 

BINOMIAL .......... an expression consisting of exactly two unlike terms. 
Example: 2x - 5 , y2 - y, a - b 

TRINOMIAL ....... an expression consisting of exactly three unlike terms. 
Example: x2 - 5x + 6,3y2 + l0y + 8, a + b - c 

POLYNOMIAL ...any sum of monomials. 
Example: 2x - 5 , 3x2 + 6x - 8 , y2 + 5y + 6, a2b + 2ab + c 

FACTOR ............. if two numbers a and b are multiplied together to form a product 
ab, then a and b are called the factors of the product ab. 
Example: 6 and x are factors of 6x 

2 and (x - 5) are factors of 2(x - 5) 
(x - 2) and (x + 3) are factors of (x - 2) (x + 3). 

B. VOCABULARY 

 



NOTE TO TEACHER 
a) If a and b are the factors of ab, then ab is said to be a multiple of a 
and a multiple of b. 
b) a is called a prime factor of the product ab if the only divisors of a 
are 1, - 1, a, and -a. 

  

If p(x) is a POLYNOMIAL, then q(x) and h(x) are called FACTORS or DIVISORS of p(x) if 
p(x) = q(x) • h(x). 

Example:     x - 3 is a factor of x2 - 5x + 6 since 
x2 - 5x + 6 = (x - 2) • (x - 3). 

q(x) is called a PRIME FACTOR of p(x) if p(x) = q(x) • h(x), and if the only FACTORS of q(x) 
are q(x), -q(x), 1 , and -1. In the example above, x - 3 is a PRIME FACTOR 
ofx2-5x + 6. 

The DEGREE of a MONOMIAL is the sum of the EXPONENTS of the VARIABLES. Example:     

xy2 is a MONOMIAL of DEGREE THREE. a is a MONOMIAL of DEGREE 

ONE. 5 is a MONOMIAL of DEGREE ZERO. 

The DEGREE of a POLYNOMIAL is the highest degree of the monomials of which it is 
composed. 

Example:      x - 5 is a POLYNOMIAL of DEGREE ONE. 

2x2 - 5x + 11 is a POLYNOMIAL of DEGREE TWO. 3x2y + 2xy 

+ 5 is a POLYNOMIAL of DEGREE THREE. 

A polynomial of second degree or degree two is called a QUADRATIC POLYNOMIAL. 

Example:     3x2 - 12x + 18 x2-16 

An equation in one variable, with that variable appearing in degree two, but no greater 
degree, is called a QUADRATIC EQUATION. 

Example:     x2 + 8x + 16 = 0 x2 - 

25 = 0 

 



C. FOLLOW-UP ACTIVITIES 

1. Using the distributive property of multiplication with respect to addition, show that 
(x - 5) • (x + 7) = x2 + 2x - 35. What other property of the real numbers must be used to 
show this? 

2.   If a • b = 0 , what does this tell us about either a or b? Is this also true for x - 2 and x + 
7if(x-2)(x+7) = 0? 

There are various methods for factoring different kinds of polynomials, but the method 
used to factor polynomials of the form x2 + bx + c is referred to as "factoring by trial and 
error, or factoring by observation." For example, which of the following is the correct 
factorization of the trinomial x2 - 8x + 16 into a product of two binomials? 

 

Obviously, the last choice is the correct factorization. Notice that the first term x2 of the trinomial 
x2 - 8x + 16 is the product of the first terms of the two binomials, and the last term +16 of the 
trinomial is the product of the last terms of two binomials. The second term of the trinomial is 
the sum of two products: the product of the first term of the first binomial and the second term of 
the second binomial, and the product of the second term of the first binomial and the first term of 
the second binomial. 

In this example, x2 - 8x + 16 factors into (x + p) (x + q) where 

 



Therefore, to factor x2 - 8x + 16 into (x + p) (x + q), we must find p and q such that 
p • q = 16 
p + q = -8 

The possibilities for p and q such that p • q = 16 are: 

 

NOTE TO THE TEACHER: Many students have trouble 
writing down  ALL of the factors of a number. A simple method 
is to begin with 1 ; in this example, 1 • 16 and (-1) (-16). Then try 
2 : 2 . 8  and (-2) (-8). And so on, until you begin repeating. This 
will occur with the factors 4 • 4 and (-4) (-4). 

However, only when p = -4 and q = -4 do we have p + q = -8. The possibilities for p and q 
may be narrowed by noting the signs of the trinomial. If the sign of the constant term is "+" 
then only two possibilities exist: 

Either both p and q are positive, or 

both p and q are negative. 

 



If the sign of the middle term in the polynomial is negative, and if the constant term is positive, 
then both p and q are negative. If the sign of the constant term is negative, then one of p or q is 
positive and the other negative. 

In our example, x2 - 8x + 16, the sign of the constant sign is "+" and the sign of the middle 
term is "-", so our chart of values for p and q can be reduced to the following: 

 

4.   Use algebra tiles to model factoring as the process of translating the product of area into the 
factors of length and width. 

 

 



 

 

 



 

 



 



 

 



THE POWER OF ALGEBRA 

PROGRAM EIGHT 

FACTORING II 

A.   SYNOPSIS 

This program will: 

Review the vocabulary from Program Seven. 

Develop techniques for factoring the quadratic 
ax2 + bx + c = 0. 

NCTM STANDARDS ADDRESSED IN PROGRAM EIGHT 

 



 



 

 

 



 

 

 



The possibilities for m, p, n, and q are as follows: 

 

 

 

 



 



D. DISCUSSION QUESTIONS 

1.   Can the technique discussed in Section C be applied to factoring the quadratic 

x2 - 36 = 0 ? 

2.   Can the technique discussed in Section C be applied to factoring the quadratic 

3t4 + 20t2 + 32 ? 

3. Students should work in groups to prove that if ax2 + bx + c 

factors as ax2 + bx + c = (mx + n) (px + q), 

that                   x = - m / n     and     x = - q / p 

are solutions of the quadratic equation                ax2 + bx + c = 0 . 



D. DISCUSSION QUESTIONS 

1.   Can the technique discussed in Section C be applied to factoring the quadratic 

x2 - 36 = 0 ? 

Can the technique discussed in Section C be applied to factoring the quadratic 

3t4 + 20tz + 32 ? 

3. Students should work in groups to prove that if ax2 + bx + c 

factors as ax2 + bx + c = (mx + n) (px + q), 

that                   x = - m / n     and     x = - q / p 

are solutions of the quadratic equation                ax2 + bx + c = 0 . 



 

 



 

 

 

 

 



 



 



THE POWER OF ALGEBRA 

PROGRAM NINE 

FRACTIONS 

A.  SYNOPSIS 

This program will: 

show the relationship between arithmetic fractions and algebraic 
fractions. 

reduce algebraic fractions by dividing out common factors, add, 

subtract, multiply, and divide algebraic fractions, solve 

equations involving algebraic fractions. 

NCTM STANDARDS ADDRESSED IN PROGRAM NINE 

 



 



C. PRE-PROGRAM ACTIVITY 

Students should work in groups to review the four basic operations on fractions and the following 
terminology: numerator, denominator, term, factor, common factor, simplest form, least 
common multiple, lowest common denominator, and reciprocal. Each group should illustrate 
these terms and operations in the following problems: 

 

Explain that today the students will see a program that does these very operations on 
problems that include variables. Tell them that the rules are similar to the ones they followed 
to complete the pre-program activity. 

D. DISCUSSION QUESTIONS 

1.   How would you compare operations with numerical fractions to operations with algebraic 
fractions? 

2.   Why is it important to recognize when a variable is in the denominator? 

3. Why can you reduce [(x +1) / (x +1)] to 1, but not reduce [(x) / (x +1)] to 1? 

4. Identify and explain the mistake made in these problems. 

 

 



E. PROBLEMS FROM THE PROGRAM 

 

 

 

 



 



 

 

14.   How long will it take to fill a pool with a garden hose alone if it takes five 
hours to fill it with a fill pipe alone and three hours to fill it with both a fill 
pipe and a garden hose? 

 

 



15.  How fast should Morianty's canoe go to get from the top of the falls to his barrel and back if 
he needs to complete the trip in five hours? His barrel is located 40km upstream from the top 
of the falls and he is facing a current of 6km/hr. 

 

 

Moriarity's speed can not equal -2 km/hr. So his canoe speed should be 18 km/hr. 



F.   STUDENT WORKSHEET 

Name__________________ 

  

 

FRACTIONS 



F.   STUDENT WORKSHEET (Page 2) 
Name________________ 

 

 

 

 



 



THE POWER OF ALGEBRA 

PROGRAM TEN 

WORDS INTO SYMBOLS 

A. SYNOPSIS 

Explain how expressions or sentences in words can be translated into 
algebraic expressions or sentences. 

Introduce several problem-solving strategies. 

NCTM STANDARDS ADDRESSED IN PROGRAM TEN 

 



 

SUM ............................. the result of adding two quantities. 
DIFFERENCE.............. the result of subtracting one quantity from another quantity. 
PRODUCT ................... the result of multiplying two quantities. 
QUOTIENT.................. the result of dividing one quantity by another quantity. 
PERIMETER................ the distance around a geometric figure. 
AREA........................... the measurement of the surface of a figure. 

C.   FOLLOW-UP ACTIVITIES 

Many English words or phrases may be translated directly in algebraic symbols. Have 
students work in groups to come up with their own expressions for the symbols below. 
Make a chart on the board or overhead and combine the answers from all groups. 

 



NOTE TO THE TEACHER: It is better for students to make 
the chart than have it presented to them by the teacher. 

To develop a technique for solving word problems, students should ask 
themselves the following questions: 

1.   What am I asked to find? 

Example:     a number 
first and second number 
larger and smaller number 
three consecutive even integers 
the tens digit and units digit of a number 
the length and width of a rectangle 
the length of the sides of a triangle 

Once the answer to this question is determined, the student should write the 
unknown down. 

Example:     One number is four more than a second number. Their 
sum is fourteen. What are the two numbers? Write down 
what you're asked to find. Let first number        = second 
number   = 

2.   If I must find more than one quantity, which must I know to find the other? 

In the above example, "one number is four more than a second number," so if 
I know the second, I can find the first. Thus, the second number is "x." 
Write this down. 

Let first number       = 
second number =  x 

3.   What is the relationship between the two quantities? 

In the above example, "one number is four more than a second number," so 
the first number is "x + 4." Write this down. 

Let first number       = x + 4 
second number = x 

 



4.   What is the equation that is the translation of the sentence in the problem? 

In Question 3, "their sum is fourteen." The two numbers are x + 4 and x. Their 
sum would be x + 4 + x. Is means =. We now have x + 4 + x = 14. Write this 
down. 

 

 

 

 

7.   Check your answers with the requirements of the problem. Do 
your answers make any sense? 

6.   Fill in the blanks with the answers.



 

 



 



F. STUDENT WORKSHEET (Page 3) 

WORDS INTO SYMBOLS 

B. Solve each: 

Name____________________________ 

 



 

 

 



 

 



 




