Lesson Plan
Lesson Title: Zero and Negative Exponents

Unit Title: Exponent Laws

Teacher Candidate: Cody Lones

Subject, Grade Level, and Date:  Algebra, 9th Grade, on February 24, 2017 from 9:20-10:10 AM

Placement of Lesson in Sequence and Lesson Rationale
This is the second lesson in the unit on exponent laws. In the previous lesson, students learned the basic multiplication properties of exponents. Because this unit is cumulative, students will review material from the previous day to fortify their base knowledge in exponent multiplication properties. The lesson will require students to learn and demonstrate mastery in multiplying and rearranging negative exponents with their bases, combining like-terms, and recognizing the properties of the zero exponent. Successful completion of this lesson will satisfy CCSS.MATH.CONTENT.8.EE.A.1.
Central Focus and Purpose
This lesson builds off the students’ previous knowledge on the multiplication properties of exponents. Before, they had only practiced using the multiplication properties on positive integers. In this lesson segment, the class will be introduced to negative integer exponents and the zero exponent and how they work in line with the associated multiplication properties. The purpose of this lesson is to have students practice with the multiplication properties of exponents. By introducing negative and zero exponents, an element of critical thinking is added in contrast to the trivial calculations that are associated with solely positive exponents.
CCSS.MATH Content and Practice Standards 

Expressions and Equations Work with radicals and integer exponents.
CCSS.MATH.CONTENT.8.EE.A.1
Know and apply the properties of integer exponents to generate equivalent numerical expressions. For example, 32 × 3-5 = 3-3 = 1/33 = 1/27

Prior Content Knowledge and Pre-Assessment

In the first lesson, the students were introduced to the multiplication properties of exponents. For the students who were present, they have experience with the Product of Powers Property, the Power of a Power Property, and the Power of a Product Property. At the beginning of this lesson, the class will be prompted with four basic warm-up problems that address the previous lesson’s material. The warm-up will be solved by volunteers who must then explain the solution to the class. After the warm-up problems, a “concept check” will be addressed where the instructor will incorrectly write a solution to a given problem for the class. The class will then be asked to identify all mistakes that are present in the solution. By completing these first two entry tasks, the students will have re-familiarized themselves with the previous lesson’s material so that the new material can be introduced without hindrance.
Learning Target(s) and Plan for Clarifying Intending Learning

LT: I will be able to demonstrate mastery with the multiplication properties of exponents with the zero exponent, positive exponents, and negative exponents. 
Through the review given at the beginning, the lesson draws focus to the day-one material on the multiplication properties of exponents. Succeeding this, the lesson is similar to the previous day, only with the addition of more variables. Because the lesson iterates on the multiplication properties of exponents, the concept is further stressed for the students to understand the importance that they master these fundamentals. 

	Strategy for using assessments to guide student learning

	The most useful assessments to this lesson will be the two concept checks that are administered. Both concept checks take the form of the instructor presenting the students with an example problem that has an incorrect solution. From here, the students are to identify each of the mistakes that are present in the false solutions. Should the students fail to identify the mistakes, it will be an indicator that they have not quite mastered a correct method for a solution. These concept checks are fantastic for providing the instructor with feedback on how well students can identify mistakes in other’s work, not just following the correct method in their own. 


	Success Criteria (criteria for interpreting student success of the learning target)
	Plan for providing feedback and students’ monitoring of their own learning

	To determine success within the classroom, the instructor will be looking for student efficiency in completing the warm-up problems, attention to detail in the concept checks, progress during the delivery of the new material on negative and zero exponents, students answering their peers or their own questions, and adequate performance on the formative assessment. 

	The lesson focuses on informal assessments of student progress. The warm-up examples measure student proficiency with the basics of the multiplication properties of exponents. As the lesson progresses, the students will have ample opportunity to work with their classmates on example problems that are provided at the introduction of each new concept. Depending on their responses to the solutions of each of the example problems, the instructor will be able to acknowledge and reinforce good practices while simultaneously correcting mistakes or holes in the students’ knowledge. Finally, the formative assessment will be hard-evidence of how well the class is doing with the unit’s material. By utilization of a Kahoot online quiz, the class can see how they match up with their peers. The Kahoot quiz is to be given via the Chromebooks after the assignment has been graded. This is incredibly useful for not only student feedback, but instructor feedback as well. After each question, Kahoot displayed a bar graph of how the class answered. From here, should there be any questions on the assessment where a majority of the responses were incorrect, the instructor will pause the quiz to go over the respective question step-by-step with the class.


	Academic Language Demands

	Language Function
	Vocabulary & Symbols
	Secondary Language Demand

	· Students will be able to identify the base and exponent constituents of a given term.
· Students will be able to accurately explain their results for a given problem.

· Students will be able to recognize an exponential function and describe its behavior.

· Students will be able to combine and simplify like-terms.


	· Terms to know: Exponents, Exponential Function, Reciprocal, Like-terms,

	Mathematical Precision: Students must be able to convert expressions to have all exponents positive and all terms simplified.
Syntax: Students must be able to use the distributive property of multiplication in applying the Power of a Power Property of Exponents, combine terms with similar bases, and employ the use of the reciprocal in regards to bases with negative exponents.
Discourse: Students will be requested to answer warm-up and example problems posed by the instructor. Upon giving their response, they will be asked to give reasoning for their solution.  From here, their peers will be pressed to agree or disagree with the student’s answer and why/why not. Furthermore, during the Kahoot quiz segment, the students will have the opportunity to compare the results of their assessment with their peers and ask questions to the instructor.



	Language Support (instructional and assessment strategies)

	Language Instruction 
	Guided Practice 
	Independent Practice 

	During instruction, the targeted vocabulary is to be used extensively and consistently when referring to parts of an expression. For instance, in the expression d6, “d” is the base, and “6” is the exponent. By having the students solve and explain their solutions for the example problems, they are encouraged to employ the vocabulary terms in their narrations.
	Each time before issuing an example problem for the students to solve independently, the instructor solves a problem step-by-step for the class to follow, all the while verbally narrating the process. Coinciding with this, when a volunteer student is called to solve and explain one of the example problems, they are also promoted to verbally explain their process. This allows the volunteer to practice the language functions, while the rest of his/her classmates are able to follow along. 
	The independent practice of the language functions comes each time after the instructor performs a solution for an example problem, to which the students are assigned an example problem to solve on their own/with their neighbor. More so, when a volunteer is brought up front to provide a solution for his/her peers, they are getting full practice of the language functions as they are required to verbally explain their steps as they work along.



Differentiation, Cultural Responsiveness, and Accommodation for Individual Differences

In this class, as every classroom, the instructor must take a mental note that not all students will master the new material in a uniform fashion. The instructor must be mindful of the students who are gifted, those who struggle with mathematical concepts, those who have a track record of not paying attention or those who skip class altogether, and students with disabilities. To accommodate for this, the instructor will implement the Rule of Four to attract the attention of the class, in that we will present the information graphically, symbolically, verbally, and numerically. This also appeals to the different learning styles of the students as defined by Walter Burke Barb (visual, auditory, kinesthetic, etc.). To accommodate for a large difference in mathematical ability the students will work in partners or groups to solve, explain, and present their thought process to the instructor and one another. Students will use previous knowledge to reinforce newly learned skills. For visually impaired students, example problems are written at the front on paper and viewed under the document camera while the instructor verbally relays the information. To support the students with the new material and refresh them on the prerequisite material, a notes sheet will be handed out to each student at the beginning of class.
Materials – Instructional and Technological Needs (attach worksheets used)
White boards, Chromebooks, Markers, Document Camera, Note sheet, Paper, Pen, 
Informal Teacher Notes for Instruction
Vocabulary: Exponents, Exponential Function (think of rollercoaster), reciprocal, like-terms,

Review: 
Let’s get things started right away. To review from yesterday, solve 

1. (a3)(b76)(c11)

2. (4a2)(3a3) = 12a5
3. (3a2)3 = 27a6 

4. (2x2y3)3 * (x2) = 23x6y9 * x2 = 8x8y9
-Call upon students (volunteers) to solve the solution for the class.

Concept Check: 

What two things are wrong with this solution?

(3xy4)3 = 3x3y7 

1. Didn’t carry the exponent to the 3

2. Instead of multiplying the y-exponent by 3, I added the 3.

So what is the real solution?

33x3y12 = 27x3y12

Alright, do we feel brushed up on yesterday’s lesson? Should we do another example or move on? (Raise hands)
Instruction: 

So now for the new stuff!
-What do exponents really represent? 


-For example, what does 33 mean? 



-The number of times a number is multiplied by itself

*Now all of you are probably wondering, “But wait! Mr. Lones. When will we ever use this?”

Good question, random student!... Moving on. (Wait for laughter/awkward silence) 

-exponents are used to make predictions about real world situation.

-bacterial growth, epidemics, marketing (1 person tells 3 people, each of those 3 people tell 3 people etc.)

-Also, you’re going to want to know this so you can be smarter than the next person… and because it’s on the test.
-Now, negative exponents are seen as the reciprocals of their positive counterparts.


-IE 3-2 is the reciprocal of 32. Because 1/9 is the reciprocal of 9.
Let's look at what it means to raise a number to a certain power: it means to multiply that number by itself a certain number of times. Three to the second power is three multiplied by itself 2 times, or 3*3=9. Let's look at a few examples:

35 = 3*3*3*3*3 = 243
34 = 3*3*3*3 = 81
33 = 3*3*3 = 27
32 = 3*3 = 9
31 = 3 = 3

But how do you go from 31 to 30? If you look at the pattern, you can see that each time we reduce the power by 1 we divide the value by 3. Using this pattern, we can not only find the value of 30, we can find the value of 3 raised to a negative power! Here are some examples:

30 = 3/3 = 1
3-1 = 1/3 = 0.3333... (this decimal repeats forever)
3(-2) = 1/3/3 = 0.1111...
3(-3) = 1/3/3/3 = 0.037037...

In general, a-n = 1/an where a does not equal 0

*Note that zero is an exception to this general rule.

Do example of 04 and 05 and 01000. After the class is confident, give them 00. Remind them how anything to the zero power is equal to 1. Even zero.
0negative exponent is undefined because 1/0positive exponent is undefined.

Essentially, anything to the zero power is equal to one.  Elephant to the zero power is 1. [Student], what’s your favorite food? [Student’s favorite food] to the zero power is one. Kanye West to the zero power is equal to what class??  
Arrange to have positive exponents:

Work out this example for the class: 5x-4 = 5/x4

-First we look at the 5 and notice that there is no exponent next to it. Therefore, does 5 change at all? (The answer better be “no”). Now, we look at the x-4 and we see that x isn’t happy with where he lives. Right now, x lives upstairs, but notice how he’s got a lot of negativity in his life. So we need to move him into a more comfortable place. Where can x move to? He’s going to go live downstairs where he can bring in more positivity.
-Have the students work out the following together as a class. First ask for volunteers. Should there be none, then have the class do it as a whole.

1. 76y-9 = 76/y9
2. (2x)-3 = 1/8x3 *remind them of law of exponents

-Transition this into algebra with negative exponents.

3. 9-4 x 94 = 90 = 1

4. Individually, have the class rewrite with positive exponents. Monitor to check for struggling students: 1/z-4x = z4x because 1/z-4x = (z-4x)-1 = z4x 

Concept Check:

What is wrong with the following solution?

11x-4 = 1/11x4
-The 11 does not go to the denominator. For that to happen, what would we need to have for 11 to be moved down there? What would I have to add to the 11 right here (indicate where an exponent would go)? Answer:  A negative exponent.

One last example:

· What about 1/(6x)-3
6x is in a relationship. They’re not happy living downstairs, so where are we going to move them? Upstairs. So when we move them upstairs, they lose their negativity. So now we have (6x)3. Let’s simplify this. 63x3 = 216x3

Graphing exponentials 

Now we’re going to briefly cover graphing exponentials. Graph the equation y = 2x.

Create a T-chart.

X
Y
0
1

1
2

2
4

3
8

4
16

Then graph the points. Have the class take note of how the graph increases dramatically. Compare it to a rollercoaster. Ask the class if they can predict what y = 3-x might look like.
-Kahoot

For 00, remind them that Kanye West to the zero power is equal to 1.
Assessment through exit slip

Multiplication Properties of Exponents Notes
Let a and b be real numbers and x and y be positive integers.
1) Product of Powers Property 

ax * ay = ax + y

Example) 32 * 37 = 32 + 7 = 



2) Power of a Power Property 

( ax ) y = axy
Example) ( 52 )4 =  52(4) = 


3) Power of a Product Property 

( a * b )x = ax * bx
Example)  ( 2 * 3 )6 = 26 + 36 = 



Assessment Sheet
Name:






 Date:





Simplify. Show all work.
1. ( x4 )( x3 )

2. ( 2x-10 )-1 (x3y-1)

3. (1x3y3) -3 

4. ( y-3 )( y5 )

5. ( 50) (56)

6. (00)

7. [image: image2.png]Gx10y%)
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	Instructional Plan (detailed explanation for the lesson)

	Pacing
	Teacher Activities
	Student Activities

	15 Min
	-Review Multiplication Properties of Exponents.
The instructor will provide example problems based on the previous day’s material on the multiplication properties of exponents for the students to solve. After a given time, volunteers will be called upon to solve the example problems for the class while narrating their process. 
-Prompt students to provide solutions and explanations for their solutions.

Upon completion of their solution, the class will be asked to add input onto how the student did in their process and explanation of their work. Should the student struggle in their solution, either the instructor or another classmate will prompt the student with the next step.
-Elicit evidence of class understanding of prerequisite material.

The instructor will elicit student understanding via the example problem solutions and the concept check. By having the students identify the faults of an incorrect solution, they demonstrate that they are able to recognize the correct method for solving an expression.  
	-Work with group mates on example review questions.
The students are expected to take notes on the material that is presented throughout the day.  As the example problems are given, the students will be allowed to work with their tables mates on their solutions. 
-Be prepared to present and explain solutions to class.

The students must be prepared to share their solution in front of the class. They will be required to narrate their process for the class and explain their reasoning for each step.
-Critique classmate’s solution and work process.
When a classmate has presented a solution, the class will be expected to give input whether it takes the form of appraisal and encouragement, or corrections and (appropriate) critique.


	20 Min
	-Teach new material
The instructor will proceed to reveal the real-world applications of exponents (bacterial growth, epidemics, marketing) and then introduce negative exponents to the class. The instructor must be certain to inform the class that an expression with a negative exponent is simply the reciprocal of its positive counterpart. The instructor must also allude to the fact that 0 risen to a negative exponent is undefined, as zero has no reciprocal (cannot divide by zero).
-Prompt students to provide solutions and explanations for their solutions.
The instructor will provide example problems based on the new material that use the multiplication properties of exponents. After a given time, volunteers will be called upon to solve the example problems for the class while narrating their process. Upon completion of their solution, the class will be asked to add input onto how the student did in their process and explanation of their work. Should the student struggle in their solution, either the instructor or another classmate will prompt the student with the next step.

-Elicit evidence of individual understanding of the new material.
The instructor will elicit student understanding via the example problem solutions and the concept check. By having the students identify the faults of an incorrect solution, they demonstrate that they are able to recognize the correct method for solving an expression.  
-Introduce an overview on exponential functions.

The instructor will give the students a preview on exponential functions as it pertains to their form and behavior. More on exponential functions will be covered in the next lesson segment.
	-Work with group mates on example questions.
As the example problems are given, the students will be allowed to work with their tables mates on their solutions.

-Be prepared to present and explain solutions to class.
The students must be prepared to share their solution in front of the class. They will be required to narrate their process for the class and explain their reasoning for each step.

-Critique classmate’s solution and work process.
When a classmate has presented a solution, the class will be expected to give input whether it takes the form of appraisal and encouragement, or corrections and (appropriate) critique.

	Remainder of class period/ next day
	-Administer formative assessment.
The instructor will pass out the formative assessment for the students to complete.
-Monitor the students and provide assistance and clarity for understanding as needed.
The instructor will monitor the class, helping students via the Socratic Method so that they arrive at their own solution.

-Kahoot

An optional Kahoot quiz that is a copy of the formative assessment is planned. The purpose of the Kahoot quiz is to provide feedback to the students and the instructor. For the students, the results of the quiz will tell them how they compare with their peers. For the instructor, the quiz will give instant feedback on how well or poor the class performed on each individual question, which can show the instructor the strengths and weaknesses of the class and of the instructor’s teaching methods. Essentially, for the instructor, it provides an opportunity to improve instruction. 
	-Work on assessment.
The students are to put in their best effort into completing the assessment with accuracy.
-Seek assistance from peers and instructor as needed.
Should students become stumped, they should use their peers as an academic resource before approaching the instructor. This gives students the opportunity to learn from one another.


