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The Magic of Algebra 
(is it really magic?)

Grade level:   6th (can work with 4th – 8th )
Objectives:

Students will be able to translate a mathematical relationship described in words into an expression, equation or inequality by working through the “Algebra Magic” process.

Common Core Standards Addressed:

6.EE.6. Use variables to represent numbers and write expressions when solving a real-world or mathematical problem; understand that a variable can represent an unknown number, or, depending on the purpose at hand, any number in a specified set.

Materials:

(for each student):
·       1 plastic resealable bag, containing

o   10 small discs (roughly 1” in diameter)
o   2 other objects which are identical to each other but different from and somewhat larger than the discs (these objects could be wooden blocks, plastic construction bricks, or geometric shapes cut from construction paper or cardboard)
·         1 calculator (optional but recommended)
         piece of paper

         pencil/ pen

Procedure:

Introduction (engage students):

1. Before class, write the number “3” large on the blackboard and cover it.

2. Tell students that they are going to learn some of the “magic” of algebra. Ask each student to think of a number, write it down, and enter it into their calculator. Tell them not to let anyone else see what’s on their calculator, especially you. (If calculators aren’t available, have students do the following operations on paper.)

3. Then have them

a) add 5 to their number,

b) multiply the result by 2,

c) subtract 4 from that result,

d) divide the answer by two, and

e) subtract the original number. Remind them not to show the answer to  anyone.

4. Tell the students that you are going to use the magic of algebra to make the answer jump from their calculators to the blackboard behind you. Then reveal the “3” on the board.

5. Ask the class, 

“Does anyone know how I did that?” and allow a few minutes of discussion on their ideas and explanations. 

“What if you choose a different number?  Will the outcome be the same?  Let’s try it and see what happens.”

“What is the relationship between algebra and arithmetic?”  Then say, “Remember I told you this was the magic of algebra. Can anyone tell me how algebra is different from arithmetic?” Guide the class to the understanding that the difference is that in algebra, letters are used to represent numbers. Discuss also the similarities between algebra and arithmetic (both do use numbers, both have the operations of addition, subtraction, multiplication, and division, both involve equations, both are used to solve problems).

Now tell the class you are going to do an activity that shows how algebra works. (use materials in bags)

1.       Have each student think of a number, and then take one of the two larger objects out of his plastic bag and put it on the table in front of him to stand for that number.

2.   
Tell them to take five discs out of the bag and put them with the larger object. Tell them each disc stands for “one.” Ask what they now have in front of them (“my number plus5”).

3.       Tell them to multiply the amount in front of them by 2. Observe as they do this; they should take the other large object and the other 5 discs out of their bag and place those in front of them on the table, so that they have twice as many objects as they had before.

4.       Ask them what they have now, and have one or more students explain what the objects in front of them represent (“two of my number, plus 10”).

5.       Tell them to subtract 4 from the amount they have. Ask them what amount they now have in front of them (“twice my original number, plus 6”).

6.       Tell them to divide that amount by two. Remind them (through discussion) that they can physically divide the amount into two equal piles and keep just one of the piles. This leaves one large object plus three discs on the table in front of them. Have students explain what this represents and why that is the result of dividing by two.
7.       Say, “Here’s the last step. Subtract your original number from the amount on the table.”  Have them do this and explain what the result is, and why.
Bloom’s Questions:


“Why do you think we end up with the same number every time?”


“Does it matter what number we start with?” -- ask students (3 or 4) what their starting number was.  “Well, if we all started with different numbers, how did we all get the same number in the end?”


“What would happen if we change part of the procedure?  Say we add 10 to our number instead of 5.  What will be our result in the end?  Will it still be 3?  Why or why not?”


“maybe some of us will get a better understanding once we do the next part of our activity.  We are now going to work with variables.”

Tell the class they are going to do the same thing again, but using letters.

1. “Put everything back in the bag.”

2. “Think of a number and take out the larger object to represent it. What letter do you want to use to stand for that number?” (Students don’t all have to have the same letter.) “Write that letter down on a sheet of paper.”

3. “Take out discs and add 5 to your number. How would you write this down?” (“N + 5”) Write it down.

4. “Show what you do to multiply by two”. (Take out the other object and 5 more discs.) “Write down the symbols for this.” (2N + 10). Discuss and list possible ways of representing two of the larger objects (“two N’s,” 2 x N, NN, 2N) and tell the class that “2N” is the way it is usually done.

5. “Show what happens when you subtract 4”. (Students put 4 discs back in the bag). “Write down what you have left.” (2N + 6)

6. “Show what happens when you divide by two.” (Students separate objects on table into two piles, each with one large object and three discs, and put one of the piles back in the bag.) “Write down what you now have.” (N + 3)

7. “Show what happens when you subtract your starting number.” (Students take large object and put it in bag). “Write down what you now have.” (3)

8. “Remember the letter you chose to stand for your number? Does anyone know what we call that letter, in algebra?” Ensure the class understands it’s called a variable, and that a variable is a symbol used to represent an amount when you don’t know what the amount is, or when the amount isn’t always the same (point out that several students were using the same variable to represent their own starting numbers, which were all different).

 Bloom’s questions: 


“How would you apply what you learned to develop an equation to express what is happening in this procedure?”


“What is the main idea of this procedure?”


“Can someone give me a number that would help us understand what is happening?  (looking for the number 0)”  


if no one gives the number 0, lead them to it by telling them to skip the first step and just start with the number 5, then multiply by 2, subtract 4, divide by 2... we get 3 

What happened with our original number?  if we start with a number and subtract it at the end, does it matter what number we start with?  Will be always get 3 with this procedure?”

Conclusion:

“Do you still think what I did at the beginning of class is ‘magic’?  Was there a reason we got this result?  When we have an explanation for something, is it still magic?  That’s right - there is no such thing as magic in mathematics!  There is an explanation for how this works, and that explanation today involves variables and procedures - in other words ALGEBRA!”

Complete the lesson by reviewing the words
arithmetic (“adding, subtracting, multiplying and dividing numbers”),
operations (“things you can do with numbers, like addition, subtraction,
                
multiplication, and division’\”),
variable (“a symbol like a letter that stands for an amount that you don’t    know or that isn’t always the same”), and
 algebra (“doing operations with variables”).

Assessment:

Through observation of students, I will have a list of names and make a check if the student understands the concept of how to translate a mathematical relationship described in words into an expression, equation or inequality based on the third part of the activity and if the student can use a variable properly to get to the outcome that is stated.

Differentiation:

Gearing Up:   Individually make up their own algebra magic tricks. Be sure that they test each “trick” to see if it works, and encourage them to use objects to demonstrate it. This can also be given as a homework assignment.
Gearing Down:  work with a partner to come up with a story problem.  Then write a number sentence to show us the equation assigning a variable to the unknown term (use of  manipulatives is highly encouraged).
Integration Activities:  read the following book.  Ask students how we can figure out the number of rabbits that are running around the town.  Have them write a number sentence to describe how they could figure out the answer.
Book Citation- McCallum, A. (2007). Rabbits rabbits everywhere. Watertown MA: Gideon Kendall.

Book Summary- The townspeople give food to the wizard every day up on the hill. One day the Pied Piper decides that he can grow his own food. The wizard sends two rabbits and the little girl finds them, and every day after finds more rabbits. She finally discovers a pattern; this pattern eventually helps to get rid of the rabbits that were destroying the gardens in the town.
Lesson Justification:

This lesson supports teaching for understanding because it walks the students through the process to discovering the solution of the “magic trick”.  The magic is really just a number challenge.  We first go through the calculations, then add in manipulatives to help the students understand what is happening a bit more.  By doing the third part of the activity, adding in the variable connection, students can clearly begin to understand why the “trick” works.  They will be led to understanding through communication with their elbow buddies and work through problem solving strategies to try and figure out what is happening before we get to the big reveal.  We will also be going through some discussion questions in between each step of the challenge.  By using manipulatives, the students can see how their “numbers” are changing.  They will then discover that the “trick” is really algebra and that there is a reason it worked.  No magic involved.  The discussion questions will help lead the students to a better understanding of what is really happening when the procedure is applied to the numbers.  When students discover the process on their own or through discussion questions where they are working through the problem or question with a buddy, they will have a more complete understanding of the concept.

