	Stage 1 – Desired Results

	Established Goal(s):
Math 10C – Algebra and Number (AN2)
General Outcome:  Develop algebraic reasoning and number sense.
Specific Outcome:  Demonstrate an understanding of irrational numbers by:  representing, identifying, and simplifying irrational numbers, ordering irrational numbers.


	Big Idea(s): 
· Algebraic reasoning is a process of describing and analyzing generalized mathematical relationships and change using words and symbols.
· Comparing mathematical patterns or relationships either algebraically or graphically helps us see that there are classes of relationships with common characteristics and helps us describe each member of the class. 
· The same algebraic expression or pattern can be related to different situations, and different algebraic expressions can describe the same real-world situation, sometimes with limitations based on context. 
· Many equivalent representations can describe the same pattern or generalization.  Each representation may give more insight into certain characteristics of the situation or generalization.
· Limited information about a mathematical pattern or relationship can sometimes, but not always, allow us to predict other information about that pattern or relationship.
· The principles and processes that underlie operations with numbers and solving equations involving numbers apply equally to algebraic situations. 


	Understanding(s):
Students will understand that...
· Classifying numbers provides information about the characteristics of the numbers.
· Numbers are compared in many ways.  Sometimes they are compared to each other.  Other times, they are compared to benchmark numbers.
· There are many algorithms for performing a given operation.  
· The same number can be found in many different forms.
· There are many equivalent representations for a number or numerical relationship.  Each representation may emphasize something different about that number or relationship.

	Essential Question(s):
· Why might it be useful to be able to represent numbers in different ways?
· When and why should we use exact values?
· What is a real number?
· What are the different ways of representing real numbers?
· How can real numbers be classified?
· What strategies can you use to order real numbers appropriately?
· What is the meaning of continuous?
· When are there gaps in a number line?
· How many numbers are there?
· Why is it useful to be able to write radicals in different forms?


	Students will know...
· Terminology
· Natural Numbers
· Whole Numbers
· Integer Numbers
· Rational Numbers
· Irrational Numbers
· Mixed Radicals
· Entire Radicals
· Exact Value

	Students will be able to...
· I can explain the difference between rational and irrational numbers.
· I can identify irrational numbers.
· I can order a set of rational and irrational numbers.
· I can express an entire radical as a mixed radical in simplest form.
· I can express a mixed radical as an entire radical.
· I can write an irrational number as an exact value.


	Stage 2 – Assessment Evidence

	Performance Task(s):
· Task 1:  The Golden Ratio in a Face (Edmonton Public)
  

	Other Evidence:
· Formative Assessments
· Check Ups
· Strand Exam


	Stage 3 – Learning Plan

	Learning Activities

Activity 1 :  Irrational Numbers using Concept Attainment

· Begin this activity by reviewing with the class the number systems that they know.  Where ever possible, have the students provide examples of the number systems.  When necessary, give examples of the number system and have the students recall the name.

· Next place the following chart on the Smartboard.  Note – The charts below are available in the accompanying SMART notebook file.
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· Have the students brainstorm, in their groups, why the numbers are placed into each column.  When they have decided on a reason, have them place the following numbers into the correct column and explain why they have placed the number there.

	
	

	
	



· Debrief Questions
· What do you notice about the numbers in the left hand column?
· What do you notice about the numbers in the right hand column?
· Can you tell, without using a calculator, in which column a number might belong?

· [bookmark: _GoBack]After numbers have been placed, and the debriefing finished introduce the term Irrational Numbers.

· Have students work in groups to develop their own graphic organizer to show the relationship among the subsets of the real numbers.  You may, after the students have completed theirs, share with the class a Venn diagram to show the relationship among the subsets of the real numbers.

· Have students record this information in their notes.

Formative Assessment Options:
· McGraw Hill:    
· Pearson: Pages 211 # 3-8  

Activity 2: Number Line

· Have the students create a number line with  and π as the two endpoints.  The students are then to place 8 different numbers with values between these endpoints.  Only 3 values can be whole numbers, integers or rational numbers.

· Watch Learn 360 Pt. 5 of Pre-Algebra Module 3. This video clip discusses irrational numbers as well as how to place rational and irrational numbers on a number line.
http://www.learn360.com/ShowVideo.aspx?SearchText=cube+roots&ID=144258&autostart=1

· Debriefing Questions
· How did you decide which numbers to place on the number line?
· How did you know where to place these numbers?
· If I asked you to place the number   on your number line, where would it be placed?
· If I asked you to place the numbers 0.99 and 0.999 on your number line, would you be able to place another number between them?  What about 2 more numbers? 3? 10?  Is there a limit to the number of numbers you can place between 0.99 and 0.999

Formative Assessment Options:
· McGraw Hill: Pages 193 #8, 9 
· Pearson: Pages 211-212  #9 – 12
· Open Question / Exit Question
· Choose an irrational number greater than 10.  Square it.  Estimate the value of the square and explain your estimate.

Activity 3:  Radicals

· Write the following numbers on the whiteboard or Smartboard.  Have the students use their calculators to determine the value of each of these radicals, to the nearest hundredth.
	
	 
	 
	

	
	
	
	




· Debriefing Question
· What do you notice about all these expressions?

· Now ask the students to work in pairs and find as many as possible equivalent expressions for  and then for.

· Debriefing Question
· What do you notice about all these number expressions?
· Is there a best way to write ?  Why do you think so?

· Introduce the terminology entire and mixed radical.  
Entire Radical – a radical sign and the number under it.
Mixed Radical – a number written as a product of another number and a radical.

, written in this form is called an entire radical.  (Hopefully one of the groups has written  as  .  If not, you may have to show the class this form.)  
Explain to the class that written in this form,  it is referred to as a mixed radical and written as .  

· Using Appendix 1, instruct the students to choose 3 entire radicals and write them as mixed radicals, and then choose 3 mixed radicals and write them as entire radicals.

· Watch Learn 360 Pt. 2 of Pre-Algebra Module 3 for examples of working from entire to mixed radicals.  http://www.learn360.com/ShowVideo.aspx?SearchText=cube+roots&ID=144261&autostart=1

Formative Assessment Options:
· Bonnie Uses:  Page 204 from Algebra with Pizzazz
· McGraw Hill: Pages 192 - 195 
· Pearson: Pages 218-219
· Parallel Task / Exit Question
·  (
Complete the task without using calculator.
Option 1:
  Simplify 
Option 2:
 Simplify 
)





· Small, Marian & Lin, Amy (2010), More Good Questions: Great Ways to Differentiate Secondary Mathematics Instruction. New York, NY: Teachers College, Columbia University

Problem Solving Activities
· Use the provided performance task as an additional problem solving activity.
Note:  Task 1 – The Golden Ratio in a Face can be found by accessing the accompanying file “The Golden Ratio” and was created by Edmonton Public high school math teachers as a collaborative venture with Harry Ainlay, Jasper Place, McNally, Queen Elizabeth, Ross Sheppard and Victoria Schools.


	Reflections:  (Things to change within this lesson plan before using it again.)














Performance Task – Teacher Info
Task 1 – The Golden Section/Rectangle
Watch “Donald in Mathmagic Land” Pt. I (approx 10 minutes) and the first 1:43 minutes of Pt. II
http://www.youtube.com/watch?v=fks_6d1prC8
http://www.youtube.com/watch?v=d6MAinPdKPQ&NR=1
Or go to youtube.com and type in Donald in Mathmagic Land and choose the teachertubemath version. (It will automatically set things up to view Pt. II.)   
You don’t have to watch the entire Pt. I video but if you don’t the section on the Golden Section/Rectangle doesn’t make sense.  Next watch the first 1:43 minutes of Pt. II .  This is the introduction for this Performance task. 
After watching the video clip, hand out “Student Task:  A Golden Greek Face”
Debriefing:
· These values should be very close to the golden ratio that the Greeks believed to be very important.  The Golden Ratio, an irrational number approximately equal to 1.618.
· How close were you?
· The golden ratio, also known as the divine proportion, golden mean, or golden section, is a number often encountered when taking the ratios of distances in simple geometric figures such as the pentagram, decagon and dodecagon. It is denoted by Φ (which is an abbreviation of the Greek "tome," meaning "to cut"). http://troymi.gov/futures/Research/Image%20and%20Feel/Golden%20Ratio.pdf
The following is how mathematicians calculate the value of phi using nested radicals or nested fractions.
Understanding by Design
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http://mathworld.wolfram.com/GoldenRatio.html


Appendix 1

Convert
· Three of the following numbers from entire to mixed radicals.
· Three of the following numbers from mixed to entire radicals.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


         
