Lesson 1

Lesson 1 – Exponents in Wonderland I
(2 Days)
	Grade: 7
Length of Lesson:  100 minutes
Placement of lesson in unit: 1st of 3 lessons on exponents (days 1 & 2)
Main learning goal:  Students will start to get an intuitive feel for how quickly objects grow and shrink when multiplied by a scale factor multiple times. Exponential notation (positive integer exponents) will be used with emphasis on its meaning of repeated multiplication.  Zero exponents will be introduced in context.

Focus question for the lesson:  When we change an object’s height by a particular scale factor multiple times, what is the outcome?  How can we represent the change using mathematical notation?
Ideal student response to the focus questions: When we multiply by a scale factor between 0 and 1, the object gets smaller.  When we multiply by a scale factor greater than 1, the object gets larger. If we multiply by a scale factor multiple times, we can represent the resulting scale factor with an exponential expression.
Mathematics content storyline: Continuing ideas developed in units on multiplication by fractions and scale drawings.  When the scale factor is less than 1, even though the result is smaller than we began with, the operation is still multiplication.  In a scale drawing if the height changes by a particular scale factor, so will the width and all other measurements.

Repeated multiplication can be represented by exponents and given an exponential expression (with positive integer exponent) we can relate it to a context of repeated multiplication.
Zero Product Property (if the product of 2 numbers is zero then one or the other must be zero) and its contrapostitive (if neither factor is zero than the product can not be zero).  This is a preview of a principle used in factoring.


	
	Embedded assessment task:  How Does Alice Change worksheet, notebook entries and informal teacher questioning in small groups.
California Math Content Standards relevant to this lesson:

Grade 7 Measurement and Geometry
1.2 Construct and read drawings and models made to scale.

California Common Core Standards relevant to this lesson:

Grade 7 Geometry

Draw, construct, and describe geometrical figures and describe the relationships between them.

1. Solve problems involving scale drawings of geometric figures including computing actual lengths and areas from a scale drawing and reproducing a scale drawing at a different scale.

Grade 8 Expressions and Equations

Work with radicals and integer exponents

1. Know and apply the properties of integer exponents to generate equivalent numerical expressions.
Materials Needed: Newsprint Roll, scissors (teacher and student), markers, measuring devices (rulers, yard/meter sticks). How Does Alice Grow worksheet, Alice in Wonderland video clip (http://www.traileraddict.com/clip/alice-in-wonderland-1951/drink-me)
Optional: Calculators



	Time
	Phase of lesson
	Main Math ideas:

How the content storyline develops
	Activity
	Teacher talk and questions
	Anticipated student response
	Teacher questions/probing

	5 min
	Introduction
	Contextual situations can be modeled with mathematics.
	Show clip of Alice in Wonderland – growing/shrinking
Short Lecture introducing Alice in Wonderland
	What movie/story is this?
Lewis Carroll was a mathematician named Charles Dodgson. He told this story to the three Liddell sisters (ages 8 – 13) while rowing one day.  The middle girl, Alice Liddell begged him to write it down.  He did and illustrated it himself and gave it to her as a Christmas present in 1864.  

Through the story, Alice changes size 12 different times.  Since Charles Dodgson was a mathematician, let’s see if these size changes can be described with mathematics.
	Alice in Wonderland
	

	10 min
	Focus question 
	How can changes in size be described with mathematical notation?
	Class Discussion
	Let’s suppose Alice is 4 ½ feet tall, that’s 54 inches.  If she drinks from this little bottle that makes her 1/9 her size [write 54 with a small bottle and a 1/9 next to it] How tall will she be?
Do this for a few more bottles – 1/3, 1/6, 5/6.  Ask students how they got their results each time.  

What mathematical notation can we use to describe Alice’s change in size?

Want to get to the idea that we are multiplying by this scale factor.  

Also have Alice drink a few potions that increase her size by a factor of 3, 6, 6/5.  Students are more apt to see this as multiplication.  Capitalize on this to see the scale factors of less than 1 are also multiplication.
	Divided by 3, 6.  Divided by 6 and multiplied by 5.

Multiplied by 1/3, 1/6, 5/6

Multiplication 

Division
	Leave the confusion until you’ve done examples with whole numbers and then return.

	5 min
	Set up activity
	Multiplying by a scale factor greater than 1 will make an object grow and multiplying by a scale factor between 0 and 1 will shrink an object.  Repeated iterations will amplify this increase or decrease. 
	Class Discussion
	How will Alice’s size change with repeated drinking of potions?
If Alice were 64 inches tall (5 ft 4 inches) and she drank from the ½ bottle, how tall will she be? What if she drank again? Again? 

How do we represent this mathematically?

	64 * (1/2)3=8
	

	15 min 
	Activity
	
	Computations for
Making Paper “Alice”
	Break students into groups to create their own Alice. For today, most groups will only be able to complete the worksheet.  Students need to be able to tell you how much paper they will need to make their Alice.
	
	

	10 min
	Sharing
	The exponent indicates the number of times the base is a factor.

Scale factors between 0 and 1 cause decay and those greater than 1 cause growth.


	Class Discussion
	Have the groups go up and write the following: Alice’s initial size, scale factor, exponential notation for 3 iterations of her growth. Each group also needs to indicate whether their Alice grew or shrank.
Ask each group to explain their exponential notation.

Elicit ideas from students as to the commonalities of the Alices that grow and those that shrink.


	When the scale factor is greater than 1, she grows.

When she starts out small, she gets bigger.

Fractions make her smaller.
	Why is that the case, do you think?
If she was small (3 inches) and drank out of the 1/3 bottle, would she still get bigger?  So which plays a greater role, her size to start with or the scale factor? Why?

Which examples up here fit your claim? (Needs to notice 4/3 and 5/2 make Alice larger but they are fractions)

	5 min
	Closing
	
	Exit Card
	Write to Alice to let her know what sorts of bottles she should look for if she needs to get smaller and what she should look for if she wants to get bigger.  Tell her why these work the way they do.
	
	

	
	
	
	
	Start of Day 2
	
	

	10 min
	Review
	Positive integer exponents have the meaning of repeated multiplication.

If the base is greater than 1, increasing the exponent increases the expression and if the base is between 0 and 1, increasing the exponent decreases the expression
	Independent work (then sharing and justifying through discourse with a neighbor)
	Alice is faced with the following bottles:  

a. A bottle labeled (0.8)

b. A bottle labeled (0.3)

c. A bottle labeled (1.2)

d. A bottle labeled (1.25)
In each case, if she drinks the potion 3 times, write her resulting scale factor in exponential notation.

Without evaluating the expressions,
place them in order from least to greatest.

Once students have had a few minutes to think about this have them explain their reasoning to a neighbor.  

Questions if a student …

Has a ranking (correct)

Why did you rank them this way?

Has a ranking (partially correct)

Have nothing written down


	0.8 and 0.3 are less than 1. 0.3 is less than 0.8.  1.2 and 1.25 are greater than 1 and 1.2 is less than 1.25.

In order they are 0.3, 0.8, 1.2 and then 1.25


	What tells you that she is changing?

How is she changing?

How is the label on the bottle related to her change?

Why are you comparing them to one?
What would Alice look like if the base were one?

What effect does the exponent have?
Where do we see the scale factor in the exponential expression?

What if Alice were 4 feet tall?

What scale factor does your Alice have (worksheet)? Is yours growing or shrinking?



	20 min
	Activity (cont.)
	Contextual meaning of base and exponent as the scale factor and the number of iterations
	Making Paper Alice cont.
	Students begin work on their paper Alice using the measurements from their worksheets.

Lead students to make stick-figure Alices concentrating on getting the head-size and height correct and doing the best they can with getting the other stick-body parts proportionally correct.

Final result will have 4 versions of Alice – initial size, after drinking once, twice and three times.  Show teacher created example.
While students are working ask questions to get them thinking about b1 and b0.

Start with the 2nd and 3rd iterations and identify the base and exponent in context.  Have the students write these exponential expressions (as large as possible) on those copies of Alice.  Get them talking about how we could use exponential notation to represent the original state and first iteration of Alice.

Before putting away their supplies, have a short whole class discussion about representing the initial state and first iteration and have students label these as well.
	The base is the bottle  she drank from and the exponent is the number of times.

So drinking from b once should be b1 and no times (initial state) should be b0.
	

	15 min
	Consolidate
	
	Gallery Walk & Class Discussion
	Have students walk around and look at all of the Alices.  Walk in work groups leave post-its on the other groups work asking questions or making positive comments.
Possible Questions for Discussion:

Did Alice shrink or grow? Why?

Explain the scale factor of 4/5.
Will a fractional scale factor always shrink Alice? Explain.

What’s happening to Alice here?

Looking at the scale factors, what conjecture can you come up with?

Why does the scale factor of 4/3 make her bigger?

(Students may ask about a negative base.  If so, go with it.  If not, it comes up in the next lesson.)
	We divided by 3              We multiplied by 1/3

                                        No, it’s improper.

                                                       It is bigger than 1. So the part that is 1 makes another copy of her and the extra part adds on to the top
	Is multiplying by 1/3 the same as dividing by 3?

So, what does that mean?

Can you show us that up on the board? (visual representation of Alice growing/shrinking)

(Ask someone else) to use that representation on another scale factor.



	5 min
	Summary
	Exponential expressions with the same base can be compared by their exponent.
Contrapositive of Zero Factor Property:  If neither factor is zero then the product can not be zero.
	Class Discussion
	Who had an Alice that was shrinking? Pick one and get initial size and scale factor.  Have another student (not from that group) give the exponential expression representing Alice drinking 5 times.
How tall would Alice be?

What about if she drank out of the bottle 7 times?

Can she get smaller?

Can she get even smaller?

In the clip we saw the doorknob say “you almost went out like a candle”  Is this possible?
[Have students write in their notebook before sharing with the class]

Who had an Alice that was growing? Pick one and get initial size and scale factor.  Have another student (not from that group) give the exponential expression representing Alice drinking 5 times.

How tall would Alice be?

What about if she drank out of the bottle 7 times?

Can she get bigger?

Can she get even bigger?

Is there a limit to how big she can get?

[Have students write before sharing]
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