Lesson Plan:  8.EE.A.3 – Powers of 10

(This lesson should be adapted, including instructional time, to meet the needs of your students.)

	Background Information

	Content/Grade Level
	Radicals and Integer Exponents/Grade 8



	Unit
	Work with radicals and integer exponents

  

	Essential Questions/Enduring Understandings Addressed in the Lesson


	Essential Question:

· How can the properties of integer exponents be used in estimating and comparing very large and very small numbers?  

Enduring Understanding:

· Very large and very small values, as found in many authentic contexts, can be expressed using powers of ten.



	Content Standards Addressed in This Lesson
	8.EE.A.3: Use numbers expressed in the form of a single digit times an integer power of 10 to estimate very large or very small quantities, and to express how many times as much one is than the other. 
It is critical that the Standards for Mathematical Practice be incorporated in ALL lesson activities throughout each unit as appropriate.  It is not the expectation that all eight Mathematical Practices will be evident in every lesson.  The Standards for Mathematical Practice make an excellent framework on which to plan instruction.  Look for the infusion of the Mathematical Practices throughout this unit.



	Lesson Topic
	Powers of 10 



	Relevance/Connections


	8.EE.A.1  Know and apply the properties of integer exponents to generate equivalent numerical expressions.
8.EE.A.4  Perform operations with numbers expressed in scientific notation, including problems where both decimal and scientific notation are used.  Use scientific notation and choose untis of appropriate size for measurements of very large or very small quantities.



	Student Outcomes
	Students will be able to use single digits a power of 10 in order to estimate and compare very large and very small quantities.  



	Prior Knowledge Needed to Support This Learning


	5.NBT.A.2  Explain patterns in the number of zeros of the product when multiplying a number by posers of 10, and explain patterns in the placement of the decimal point when a decimal is multiplied or divided by a power of 10.  Use whole-number exponents to denote powers of 10. 

6.EE.A.1  Write and evaluate numerical expressions involving whole-number exponents.


	Method for determining student readiness for the lesson
	Use questions Determining Student Readiness for the Lesson (attachment #1)to assess student understanding of: 

· Compare and order rational numbers 

· Evaluate powers of ten (including negative exponents) 

· Write numbers in expanded notation using powers of 10



	Learning Experience

	Component
	Details
	Which Standards for Mathematical Practice does this component address?

	Warm Up/Drill


	Use properties of integer exponents to show why any base to the power of zero equals one ([image: image2.png]


 = 1). 
“The answer to a question is 1, what is the question?” 

Provide 3 or more products or quotients of powers that result in powers of 1. 

Possible student responses could include:
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, [image: image8.png](7« 77°)



,   [image: image10.png](x° ® x7%)





	

	Motivation


	· Provide time for the students to explore the following website: 

http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/
or a similar website that shows: The Milky Way at 10 million light years from the Earth and moves through space towards the Earth in successive orders of magnitude.  After that, move from the actual size of a leaf into a microscopic world. 
· After providing independent exploration time, ask the students to write about what they are viewing at each of the following powers of ten: 

· 1010, 105, 100, 10-5, 10-10
· Ask these key questions: 

· Why do you think that the different views happen with each of the changes to the exponent?  

· Why does the zoom get bigger or smaller? 

· On a subsequent day, use the following websites to reinforce the powers of ten concept.  http://www.powersof10.com/

	

	Activity 1 

UDL Components

· Multiple Means of Representation

· Multiple Means for Action and Expression

· Multiple Means for Engagement

Key Questions

Formative Assessment

Summary


	UDL Components:

· Principle I: Representation is present in the activity.  Prior knowledge is activated in the Warm-up. Clear visual options for perception of powers of ten with integer exponents are provided through the motivational video.  It serves as a demonstration of key concepts, and it highlights patterns, big ideas, and relationships.  

· Principle II: Expression is present in the activity. The video is used as a prompt, exemplifies the process of representing values by powers of ten with integer exponents, and helps students set goals regarding the format/appearance of their own answers to various activity tasks. 

· Principle III: Engagement is present in the activity.  It is tied directly to the video as a source of information that is based upon an authentic, student-centered context.  The task allows for active participation, exploration, and experimentation. 

Directions:

Represent powers of 10 symbolically: 10?, 10x
·  Complete Activity #1 Chart (attachment #2), using the website as a reference tool. Challenge students to notice patterns as the exponents change. 

· Culminating question: What connection is there between the powers of ten and place value?  

· Summary( Possible examples of explanations: 

· Number line 

· Place value chart 

· Verbal explanation 

	Students will make sense of the problem and persevere in solving it as they find a logical starting point on the chart and monitor their progress and change their approach to solve the problem, if necessary.
(SMP#1)

Students will attend to precision as they calculate efficiently and accurately on the chart of exponents.

(SMP#6)

Students will look for  and make use of structure as they fill in the chart with exponents.

(SMP#7)


	Activity 2

UDL Components

· Multiple Means of Representation

· Multiple Means for Action and Expression

· Multiple Means for Engagement

Key Questions

Formative Assessment

Summary
	UDL Components:

· Principle I: Representation is present in the activity.  The motivational video to supply students with critical symbols used to correctly express powers of ten with integer exponents.  This foundation allows students to progress to a more challenging, application-oriented task. 

· Principle II: Expression is present in the activity. The grouping and of students for this task provides an option for physical activity.  Group members can act as peer coaches or mentors for one another during the collaborative process of placing the Activity #2 Cards in the correct order.

· Principle III: Engagement is present in the activity.  Sources of information are in an authentic, student-centered context.  The task allows for active participation, exploration and experimentation, and also invites personal response, evaluation and reflection. 

Directions:

Represent powers of 10 symbolically: 
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· Referencing the video, provide a situation in which Satellite A is flying at 106 feet high in the sky and Satellite B is flying at 107 feet. The students are in a third satellite flying at a height that is between 106 feet and 107 feet.  

· Ask the students to: 

· Explain what they see

· Put students in small groups.  Distribute Activity #2 Cards (attachment #3) and have students determine whether the height is between the two given values.  Say, “There are going to be other objects in between these two heights than you.  Each group has been given a height of an object in the air.  Is each object going to be in between these two heights?” Students will place in column whether “between,” “above,” or “below.”  

· How do you represent a number in exponential form that is in between these two heights?  

· Use these prompting questions to introduce numbers expressed in the form of a single digit times an integer power of 10 

· Summary( The Satellite A and Satellite B have changed their heights.  The Satellite A is now at 103 and Satellite B is now 104.  Using Activity #2 Summary Template (attachment #4), create two heights below, two heights between, and two heights above the two satellites.  
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	Students will  make sense of the problem and persevere in solving it as they view the video and find a path that will let them put their answers on the charts.
(SMP#1)

Student will model with mathematics as they reflect on whether the results make sense, possibly improve or revise their model as they work through the charts.

(SMP#4)

Students will attend to precision as they express numerical answers with a degree of precision that would be appropriate for the problem posed from the video and worksheet.

(SMP#6) 

	Activity 3

UDL Components

· Multiple Means of Representation

· Multiple Means for Action and Expression

· Multiple Means for Engagement

Key Questions

Formative Assessment

Summary


	UDL Components:

· Principle I: Representation is present in the activity.  The two tasks in this activity ensure that students have explicit opportunities to review and practice their new learning. 

· Principle II: Expression is present in the activity.  Founded on initial learning from earlier tasks in this lesson, the current activity allows students to be released gradually from scaffolded activities, and to rely on increasing independence and skills.

· Principle III: Engagement is present in the activity.  Sources of information are in an authentic, student-centered context.  The task allows for active participation, exploration and experimentation, and also invites personal response, evaluation and discussion with peers. 

Directions:

Provide students with real-life data points that they will convert into a whole number times a power of ten.  

· Present the following data to students: the number of text messages in America in June 2006 was 33,500,000.  In June 2011, people sent 196,900,000,000 text messages to each other.  (http://www.ctia.org/advocacy/research/index.cfm/aid/10323) 

· Have the students estimate how many more texts were sent in 2011 than 2006, and also estimate how many times more texts were sent in 2011 than 2006.  Ask: how did you determine your answer? Anticipate your students using standard form instead of exponential form.

· Prompt a discussion about the need to convert numbers into a power of ten by asking: 

· How can these numbers be expressed in a different format?  

· Is there a format that would make these numbers easier to compare?  

· Demonstrate how to express numbers as a single digit times a power of ten.  

· Model how to compare text message values written in the form of a factor times a power of ten.  

· Using the website, http://www.worldatlas.com/aatlas/populations/ctypopls.htm, provide students with populations from the largest country (China) and the smallest country (Vatican City).  Students will translate the populations as an integer times a power of 10.  Use this form to compare the populations, estimating how many times larger China’s population is. 

· Select some countries that will require rounding so that it will be a single number times a power of ten and compare the populations, estimating how many times larger one is to the other population.


	Students will make sense of problems and persevere in solving as they see the relationships between various text messages.
(SMP#1)
Students will use appropriate tools to deepen their understanding of mathematics as they compare populations in different countries.
(SMP#5)

Students will attend to precision as they express numerical answers with precision appropriate for the different populations.

(SMP#6)

	Activity 4
	UDL Components:

· Principle I: Representation is present in the activity.  It ensures that students take time to review and practice their new understanding of how to express extremely small values to represent the sizes of familiar, common objects.  Combined with Activity 3, information is “chunked” into smaller elements (Activity 3 focuses on extremely large values to complement Activity 4). 

· Principle II: Expression is present in the activity.  Teachers are urged to provide examples of the actual objects listed in the chart, and/or with photographs/illustrations in order to provide a physical alternative for interacting with the content material.

· Principle III: Engagement is present in the activity.  Sources of information are in an authentic, student-centered context.  The task directions encourage teachers to vary the sources of information (objects studied) so they represent students’ experiences and personal lives, including cults, ethnicity, gender group, and race. 

Directions:

Use the chart, Translating Integer Exponents of Smaller Objects (attachment #5). 

· You may want to have available some of the objects (photos/illustrations) in the chart for this lesson.

·  You may choose to substitute some of the information in the chart to better accommodate your students’ personal interests, cultures, races, ethnicities, and gender groups.

· The questions lead students to determine /estimate the number of cells in a 100-pound student.
· While completing the chart activity, challenge students to identify patterns as exponents change.
· As an extension, students can research items that represent integer exponent values not listed in the chart. (i.e.:[image: image14.png]


)


	Students will make sense of the problem and persevere in solving it as they plan a solution pathway instead of jumping to a solution for the 100-pound student.

(SMP#1)

Students will attend to precision as they calculate efficiently and accurately while changing the exponents in each scenario. 

(SMP#6)

	Closure


	Think about the size of a grain of sand.  [image: image16.png]1e10°cm?



 Describe the process you would use to determine the weight of a bucket of sand.

Note:  1 cm3 = 1 g
	


	Supporting Information

	Interventions/Enrichments

· Students with Disabilities/Struggling Learners

· ELL

· Gifted and Talented


	· ELL- Fluency with using the calculators

· Base ten blocks to reinforce place value concepts

· Understanding of decimal place value- provide struggling learners a desktop number line that includes powers of 10 with verbal and symbolic representations

· Vocabulary – ELL and special education students need to know and understand the following terms to be successful with these activities: quotient, product, exponents, integer, power of powers, decimal notation, and standard form.

· Enrichment – Have students investigate and identify tools that are used to measure the length, mass, and weight of small items. 


	Materials
	· Questions Determining Student Readiness for the Lesson

· Activity #1 Chart

· Activity #2 Cards 

· Activity #2 Summary Template

· Translating Integer Exponents of Smaller Objects for Activity 4, including objects/pictures 



	Technology
	· Computer with internet access

· LCD projector

· Calculators


	Resources

(must be available to all stakeholders)


	http://www.piscatawayschools.org/1368205171844580/lib/1368205171844580/Algebra%202009-2010/Packet%2042%20-%20Alice%20and%20introduction%20to%20rules.pdf
http://www.learner.org/channel/schedule/printmat.phtml?printmat_id=133
http://www.glencoe.com/sec/math/algebra/algebra1/algebra1_05/extra_examples/chapter8/lesson8_3.pdf
http://www.universetoday.com/34024/mass-of-the-planets/
http://www.universetoday.com/15462/how-far-are-the-planets-from-the-sun/
http://www.treasurydirect.gov/govt/reports/pd/histdebt/histdebt.htm
http://www.worldatlas.com/aatlas/populations/ctypopls.htm
http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/
http://www.xpmath.com/forums/arcade.php?do=play&gameid=21
http://www.ixl.com/math/standards/common-core/grade-8



Attachment #1

Determining Student Readiness for the Lesson

1. Look at these four rational numbers.

0.875          ‾ [image: image18.png]


            [image: image20.png]


           ‾42

       Compare the values of these four numbers and order them from least to greatest.
2.  Evaluate these powers of 10:

107       101         10‾4       100
3.  Write these numbers in expanded notation using powers of 10.

678.00042       23,000,150       9.00009       
Attachment #2
Activity #1 Chart

	Power of Ten
	Standard Form
	What do you see?

	10x
(you select the x value)
	
	

	105
	
	

	104
	
	

	103
	
	

	102
	
	

	101
	
	

	100
	
	

	10–1
	
	

	10–2
	
	

	10–3
	
	

	10–4
	
	

	10–5
	
	

	10​–x 

(you select the x value)
	
	


Attachment #3
Activity #2 Cards 

	Object A

3 X 105
	Object B

13 X 106

	Object C

3 X 10-6
	Object D

3 X 107 

	Object E

13 X 105
	Object F

3 X 106

	Object G

5 X 106
	Object H

1 X 106

	Object I
1,255,032 X 100
	Object J

126 X 104


Attachment #4    Activity #2 Cards 
	___ X 10(
___ X 10(
Satellite A 103

___ X 10(
___ X 10(
Satellite B 104

___ X 10(
___ X 10(

	Explanation

	___ X 10(
___ X 10(
Satellite A 103

___ X 10(
___ X 10(
Satellite B 104

___ X 10(
___ X 10(

	Explanation



[image: image21.emf]Translating   Integer Exponents   of Smaller Objects   

Object  100  P ound  S tudent  Jar of  P eanut  B utter   2  L arge  C andy  B ars  Bite  S ize  C andy  B ar  1  C hocolate  C hip  C ookie   5  M ustard  S eeds   1  C ell   

Mass in g   45360 g  1000g  100g  10g  1g   .01g    

Mass in kg   45.36 kg  1kg  1/10 kg  1/100 kg  1/1000kg   1/10000kg     

Mass in  Power of  ten (kg)    10 0  10 - 1  10 - 2  10 - 3   10 - 5   10 - 12  

If you were to make a peanut butter model of yourself, how many cells would it be?          

If you were to make a chocolate chip model of yourself, how many cells would it be?          

How many cells would there be in 100 pound student?          

 


Attachment #4    Activity#4Chart:
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		Translating Integer Exponents of Smaller Objects 



		Object

		100 Pound Student

		Jar of Peanut Butter 

		2 Large Candy Bars

		Bite Size Candy Bar

		1 Chocolate Chip Cookie

		

		5 Mustard Seeds

		

		1 Cell 



		Mass in g 

		45360 g

		1000g

		100g

		10g

		1g

		

		.01g

		

		



		Mass in kg 

		45.36 kg

		1kg

		1/10 kg

		1/100 kg

		1/1000kg

		

		1/10000kg 

		

		



		Mass in Power of ten (kg) 

		

		100

		10-1

		10-2

		10-3

		

		10-5

		

		10-12



		If you were to make a peanut butter model of yourself, how many cells would it be?  









		If you were to make a chocolate chip model of yourself, how many cells would it be?  









		How many cells would there be in 100 pound student?  
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