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Rationale


I chose to modify my lesson plans and procedures to accommodate Curtis. I was easily able to make the necessary changes to my lessons to make sure Curtis understands both the conceptual and procedural knowledge required to learn logarithms. The worksheets were not very dense to begin with, so it was easy to make changes for Curtis.


For the worksheets, I edited them and used differentiation to make the reading level easier for him. Since Curtis struggles with basic reading, it is beneficial to make the reading as comfortable and the problems easy to follow. I had to make parts of the worksheets bigger and have some words stand out so that it was easier to read and it would motivate him to try to read the worksheet as well. I also simplified the vocabulary. I not only made the readings and worksheets easier to read, I also put the definitions of vocabulary and basic identities at the top of the sheet for him to refer to. Since Curtis is performing at grade level in math, I did not change the difficulty of the problems, but I did cut out a few.


Since Curtis can remember information when it is presented orally and visually, I would make sure to read the problems on his worksheet and have him explain his thinking. I also made sure that he could pronounce key vocabulary words when he saw them by repetition and pointing at the word when repeating it. This way, he would remember how the word sounds when he recognized it in writing. I also would ask leading questions for Curtis to tap into his prior knowledge. Since he is a creative writer, I changed one of the free response questions so that Curtis could have a chance to write a response to a friend explaining the relationship between logarithms and exponents. I would let Curtis tell me his answer out loud so that he can hear himself out loud and then be able to write it out more clearly. I would also let Curtis write in his journal after he finished his worksheets and homework if he felt the need. I also presented a couple of the problems in terms of cooking so that Curtis might get excited about the problems. As much as possible, I would include Curtis in classroom discourse so that he could talk with other students about the mathematics and listen as well.


The original lessons themselves are geared to be a slow, verbal and hands on approach to learning logarithms. The lessons are designed to have the process of discovering and revealing new information on the students’ terms. This way, students have time to process the information and have a memorable experience learning them. I would most likely have my students working in pairs or groups during the activities so that they have at least two heads to work with on various problems. With Curtis, I would try to pair him with a reading buddy to read aloud text and other printed material for him. Throughout the lessons, I would check with Curtis to make sure he understands the material along with the class and showing his understanding through verbal participation. The class notes are designed to help Curtis follow along with ease. I think Curtis would have a lot of fun with this unit and enjoy learning logarithms because of it’s verbal, written, and hands on activities. Throughout the activity, Curtis is asked to verbalize his thinking, make connections between mathematical concepts and represent new found math concepts.


Overall, I think my accommodations would help Curtis pretty thoroughly with the lessons without losing any of the meaningful content. Since my lessons have a big emphasis on discussion, there were fewer modifications to the lesson plan and materials than anticipated. This worked out very nicely since Curtis is verbal and loves to write, which is encouraged. 

Name: Zane Ranney

Date of Lesson: 9/30/2010

Grade Level: 9th

Course: Advanced Algebra 2

Allotted Time: 50 Minutes

Number of Students: 14

I. Goal:
· To gain a basic understanding of the logarithmic function and its purposes
II. Objectives:
· Students will recognize the relationship between exponential and logarithmic function

· Students will summarize in their own words the meaning of the logarithmic function

· Students will practice solving logarithmic equations

III. Prior Knowledge:
· Exponential Functions

· Inverse functions
IV. Materials and Resources
· Graphing Calculators

· ELMO

· Warm Up

· Modified Warm up
· Guided Notes Sheet

· Modified Guided Notes Sheet

· Homework worksheet

· Modified Homework worksheet
V. Motivation and Warm Up
1. Begin by giving the students the warm-up on solving relatively easy exponential equations (about 5 minutes). Hand out Curtis’ modified warm up sheet and make sure he knows what he is doing. Read the problem out loud and have him restate the problem. State expectations of behavior while working on the warm up, and let students help each other if they are having trouble. Allow minimal talking as long as it’s math talk.

2. Once the students look like they are finishing the warm-up, or look like they are about to give up and become distracted from math in general, call the class back to attention and ask students to provide their answers to the warm-up.  Plug in numbers that students provide at the ELMO and write down student contributions in a clear and organized way. Have students explain how they got their answer (about 5 minutes).

3. Conduct a discourse with the students focusing on how to solve for x in the last example. Discuss what exactly it is asking, and how it can be solved (Why is this harder? Can we find an exact value of x?). If a student seems like they already know what to do, do not give up the answer so quickly, but say that you will come back to them. If Curtis volunteers, ask specific questions and point out mathematically significant comments if he seems to be exhibiting immature behaviors (about 5 minutes)

4. After discussion has died down, have them use their calculators to try and figure out the power of 10 that gives them 349.5.  (x is approximately 2.54344718…) Write these guesses down, and use the most accurate answer and have them plug it in for x to check. Have them notice that it is close to the answer, but not quite. Conduct a mini-discourse asking who thinks it is still possible to find the exact value, and what there answer means.

5. After discussion has died down, show them the “trick” where students can type it in to their calculators. Show them how to type Log(349.5) to obtain the exact answer. Have them check their answer and find out that it is indeed the correct answer. (5 minutes)

VI. Lesson Procedure (steps 1-5 will take about 10 minutes, 5- will take about 5 minutes)

1. Ask the students “So we used the LOG button in our calculators, and somehow it worked. What exactly did we just do to find our exact answer?”

2. Afterwards, instruct the students to refer to their guided note sheets, and formally define what a logarithm is, being the inverse of the exponent. Have Curtis fill in the first couple of lines in his worksheet to get him started. First, discuss the explicit definition (the implication statement on the notes sheet), stressing that b is the Base and x is the eXponent. Write this down on the board so the students can see the connection.

3. This is then related to the plain English definitions for a logarithm. Ask a student to read the left hand side of the mathematical implication statement in words (should be something like “b to the power of x is y,” or “x is the power of b that gets us y.” This, of course, is the exact same way to read the right hand side of the implication. This will be stressed when going over the bottom two fill-in-the-blank sentences. Make sure to stress that each statement can be read similarly.

4. Finally, if time allows as a way to show an additional representation, start a discussion on the inverse relationship between logarithms and exponents. This is done by showing addition as the inverse of subtraction, division as the inverse of multiplication, and then logarithms as the inverse of exponents. If time allows, relate this with examples of functions (for example, the inverse of y=x+2 is x=y+2 (y=x-2).

5. Transition into the “speaking exponents” versus “speaking logarithms” worksheet.  Note that it is important to be able to say the problem and understand what it means rather than just being able to calculate it. Go through the first example as a class and then let the students will work through the next one at their tables. Have Curtis “speak exponents and logarithms” first, then write what he said on his worksheet. This will reinforce how he can 
6. Then, discuss the third problem again where the students are asked to find b. Anticipate questions about the restriction, why y cannot be negative, when be has to be greater than 1, etc.

7. The students will then work on the last problems on the worksheet. Walk around the class and observe their work. If they are having trouble with any of them, let students come up to the board to show their work.

VII. Closure
So today we expanded our knowledge of exponential functions to logarithmic functions.  We learned that the logarithmic function is simply the inverse of the exponential function, as well as how to use this fact in solving equations. We also learned how to speak exponents and logarithms, and how they can be verbalized in different ways. Tomorrow we will be doing a fun, hands on activity to discover some different properties of logarithms.

VIII. Extension
Discuss #5 in our lesson procedure if time permitted.  Additionally, hand out their homework assignment to begin during class.

Be prepared for questions about relations of logs to the world and they apply to student’s lives. Regardless, make sure to touch upon some of these insights so students can take them away with them at the end of class. Say that mathematically, logarithms have filled a need in algebraic manipulations by being the inverse operation of exponents (similar to why subtraction exists for addition and division exists for multiplication). We illustrated this during the warm up and worksheets. In the real world, many natural processes can be modeled (represented, graphed) by logarithmic functions (Earthquakes, sound intensity, etc.) Logarithms are usually used to make really large numbers smaller and easier to work with. Make it clear that if they pursue higher math, logarithms will appear regularly. You might use them and you might not. The same goes for the person sitting next to you. 

If there is extra time, talk about how humans, when they are babies, have a logarithmic number sense. They feel that the jump from 1 item to 2 items is so much bigger and noticeable than the jump from 8 items to 9. Why is this? Because 2 is double the amount of 1, and 8 is close to 1.1 times the amount of 9. Looking at the world in terms of logarithms was natural for us until we learned how to count! Make sure to visually represent all of this information if you happen to use it
IX. Assessment
There is ample opportunity for formative assessment throughout the lesson.  I begin by measuring the level of understanding of prior knowledge of exponents in the warm-up and its following discussion.  Next, students are prompted to participate in a deep and meaningful discussion about the use of logs as well as its connection to their prior knowledge.  Lastly, I will measure their comprehension of the day’s lesson through completion of the worksheet. I believe that I could learn a lot more from students by listening to their thought processes for most problems instead of written assessments. For Curtis, we would have many formative verbal assessments and opportunities for him to explain his thinking and understanding of the material. Furthermore, I can determine the effectiveness of the lesson through grading their homework the following day. 
X. Common Core Math Standards

· A.SSE.2 Use the structure of an expression to identify ways to rewrite it.

· A-CED.1 Create equations and inequalities in one variable and use them to solve problems.

· A-CED.4 Rearrange formulas to highlight a quantity of interest

· F-BF.5 Understand the inverse relationship between exponents and logarithms and use this relationship to solve problems involving logarithms and exponents.

XI. NCTM Process Standards
· Connections: to prior knowledge of exponential functions

· Communication: “Speaking exponential versus speaking logs”

Warm Up! 

Solve for the value of x in the following equations.

1. 2x = 8

2. 3x=9

3. 4x=1/4

4. 4x=2

5. 10x=1000

6. 10x = 349.5
Warm Up!
Solve for the value of x in the following equations.
1. 2x = 8

2. 3x=9

3. 4x=1/4

4. 4x=2

5. 10x=1000

6. 10x = 349.5

Name___Curtis____

Warm Up!

Solve for x.

1. 2x = 8

2. 3x = 9

3. 4x = 1/4

4. 4x = 2

5. 10x = 1000

6. 10x = 349.5
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	Speaking Logarithms
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· A logarithm is the _________________ of an exponent.

· Make the Connection: This is the general formula that must always be true:
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   Exponential Function          Logarithmic Function

· b = 




b>___, and b(____
· x = 

· logby = x can be read as:

· What _______ (or exponent) of _____will give you _____?
OR
· How many times do you ___________ b by itself to get _____?

Name____Curtis___



· A logarithm is the _________________ of an exponent.

· This is always true:
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      Exponential Function      Logarithmic Function

· b = base         


b >___, and b(____
· x = exponent or power
logby = x can be read as:

What ___________ (or exponent) of b will give you y?

OR

How many times do you ___________ b by itself to get y?

Name ______Student_______________

Logarithm Homework

Rewrite the following expressions in logarithmic form:

1. [image: image24.png]


= 16





3. [image: image26.png]



2. [image: image28.png]216









4. [image: image30.png]


= [image: image32.png]



Solve for the unknown variable:
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Name _____Curtis_______

Logarithm Homework
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     Logarithmic Form

b = base

x = exponent



Write in Logarithmic Form:
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Solve for the variable:
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Name: Zane Ranney
Class/Subject:  9th Grade/Algebra II
Date:  9/31/10

Goal: To discover and understand the properties of logarithms

Student Objectives/Student Outcomes:

Students will:

· Use rulers to add and subtract visually

· Compare logarithms for different orders of magnitude

· Create log scale rulers

· Use a simplified slide-rule to discover the three properties of logarithms

Common Core Math Standards:

· A.SSE.2 Use the structure of an expression to identify ways to rewrite it.

· A.CED 2 Create equations in two or more variables to represent relationships between quantities.

· F-BF.5 Understand the inverse relationship between exponents and logarithms and use this relationship to solve problems involving logarithms and exponents.

NCTM Process Standards:

· Problem Solving – Build new mathematical knowledge through solving logarithmic problems

· Reasoning and Proof – Make and investigate the properties of logarithms

· Connections – Recognize and use connections between properties of exponents and logarithms.

· Representation – Use the slide rule to model and interpret logarithmic properties.

Materials/Resources/Technology:

· Calculators with logarithm operation

· Slide rule worksheet

· Modified Slide Rule Worksheet

· Slide rule overhead

· Slide rule templates


Time
 
	5-10 minutes
	Start of Class: Review what we covered yesterday – Ask the class what we did. What are logarithms? Why do we use them? Discuss how we used logarithms to “undo” exponents and write the logarithmic definition on the board. Go through speaking logarithms again and remind the class of the relationship between exponents and logs. Make sure to write some of the key visual aids such as “x=eXponent.” Have key vocabulary terms written on the board and on the slide rule worksheet. The class should be comfortable with the concept of a logarithm and with the properties of exponents before moving on to the activity. 

	2 minutes
	Introduction of Lesson: Ask the class how we calculated logs yesterday (with a calculator). Tell the class that before there were electronic calculators, there were logarithmic tables and slide rules. Explain that in the early 17th century, a mathematician created and published the first installment of his own table of logarithms containing the log of all the integers below 1000 to eight decimal places! Show a picture of a page of logarithmic tables. Later, he extended the table to the first 100,000 integers to 14 decimal places. It only took him 7 years. 

Provide comfort to the class by letting them know we wont be making or looking at logarithmic tables, but we will use slide rules to calculate various logs and discover something very important about the nature of logarithms in the process.

	30-40 minutes
	Lesson Instruction: 

Addition with slide rule -- Break the class into pairs and explain expectations for the activity as well as behavioral expectations. Pass out the centimeter rulers to each person. Use the transparent centimeter ruler on the overhead to show the students a way to add without using a calculator. Line up the rulers and slide the endpoint of the top ruler to the first addend of 2. Read the sum below the second addend. Explain that because the top ruler is shifted 2 units to the right of the bottom ruler, the rulers show 2 + 4 = 6, 2 + 11 = 13, and many other addition examples in which 2 is added to another number. Do a few examples where students tell you what the answer is. If Curtis is having trouble with the slide rules, make sure his partner is showing him how to read the numbers and add them on the rulers.
Subtraction with slide rule -- Using a backwards method, show the class that this can also be used for subtraction. Again, do a few examples and have the class respond with what they think the answer is. Allow the students to work with a partner to practice, having each student come up with two arithmetic problems (one addition, one subtraction) and having their partner solve it. If students complain about the method of adding and subtracting or ask why, tell them they will need to get accustomed to this method because we will be doing something similar with logs. Make sure to value communication within students as long as they are working on addition and subtraction with the slide rules. Verbally assess Curtis on his work.
Logarithm Worksheet – Hand out the Logarithms Made Easy sheet. Have them complete numbers 1-3 on the worksheet. Ask them to describe the patterns that they see as they look across the rows and columns of the tables. Do the first problem with Curtis so he knows what he knows how to get started. After everyone is about finished, have a discussion about these patterns. Point out that numbers get farther apart when a base is raised to increasing powers. The students should also recognize that when a number is multiplied by 10, the logarithm increases by 1. 

Logarithm Ruler Creation – Distribute the blank slide rule templates (precut) to each student. Have them use the data from Question 1 on the worksheet to mark the top and bottom rulers. Have the students measure the distance indicated by log n and label it with the value of n (ex: log 1 = 0, so the left edge should be labeled 1 because it is 0 unites from the edge. Log 2 is .301, so the number 2 should be marked at a distance of .301 units from the left) Make sure the students know that each black line is .001 units. Walk around to make sure each student knows how to label their rulers. After a few minutes, put your log ruler transparency on the overhead and show someone else’s log ruler that should be modeled after. Give students clean copies if they want. If students are not using their materials in the proper way, give them a warning. The second time, take the materials away and have them look on with their partner. 

1st Property of Logarithms (Addition/Multiplication) – Explain to the class that now that we have our logarithmic rulers, we can add and subtract logarithms the same way we added integers when we had the centimeter rulers. On the overhead, demonstrate how to use the slide rule to add logarithms. Emphasize that the technique is the same but the values marked on the log ruler represent logarithms of the numbers, not the number itself (example: using the rulers, demonstrate log 2 + log 3 = log 6). Make sure not to explain the property at this point, but just to demonstrate the addition. Have them work on questions 4 and 5 on the activity sheet. Walk around to see student work and ask them to describe any patterns they see. Let Curtis tell you what patterns he sees and what property he could deduce from these patterns. After he verbalizes these properties, have him represent it with logarithms. They should recognize that adding logs take the product of the arguments. When most of the class is recognizing the pattern, ask them to now generalize the rule. Guide them to look at examples and substitute variables for the numbers, concluding that log a + log b = log ab. After we have come to the generalization, give them a problem they cannot do with their slide rule, but verify with a calculator (ex: log 11 + log 12 = log 132).

2nd Property of Logarithms (Subtraction/Division) – Demonstrate on the overhead that students can also subtract logarithms using the slide rule. Similarly to the first property, have them complete questions 6 and 7 on the worksheet and recognize a pattern. If students are having trouble, use linear rulers until they understand the technique. Students should be able to apply the addition property to the subtraction property and realize that when subtracting logarithms, we divide the arguments. Again, ask students to generalize the rule (log a – log b = log a/b) and verify this property with an example that they cannot do with their slide rule. Make sure they have both properties written down on their worksheet. 

Common Misconception – Students who are familiar with the change of base property may confuse this with the logarithm property of division. Be sure that they understand that log a/b is different from log a / log b.

3rd Property (Power Property) --  As students work on questions 8 and 9, the power property will be illustrated by repeating addition problems. As students realize that log 3 + log 3 + log 3 = 3*log 3 = log 3^3, they may need guidance to recognize that 27 = 3^3. 

Once the students have discovered all three properties, review by listing all of them on the board. Make sure the students have these properties recorded, and understand the connection between them. 

	
	Assessments/Checks for Understanding:  

Potential Assessment Activities: Have students create a comparison table that compares, contrasts, and gives examples for the properties of exponents and logarithms. Ask students to write a paragraph explaining the use of the slide rule to demonstrate the multiplication property of logarithms. This would be a good activity for Curtis for writing his thoughts down in a journal. Ask students to use the properties of exponents and the definition of inverse functions to derive the properties of logarithms. How would you use your slide rule or the data table on the worksheet to find the log of 65, 650, or 6/5? 


	
	Closure/Wrap-Up/Review: 
Since the logarithmic properties are on the board, ask them if they look similar to any of the properties from exponents. In fact, they are almost the same! Multiplication and addition go together (x^(a+b) = x^a + x^b and log a + log b = log ab) as well as division and subtraction. Discuss why these properties might be related. Go over the relationship between exponents and logarithms as inverses.

How can our understanding of arithmetic operations help to remember these properties? Prepare for different answers – multiplication is repeated addition, division is repeated subtraction, exponents are repeated multiplication…are logarithms repeated division?

Use log_9(1/9) to illustrate representation of two different properties (log_9(1) – log_9(9) or -1log_9(9)). Distribute homework and let them know they will have to use multiple properties for different problems.

	
	Self-Assessment:  Did the slide rule help students to understand the concept of logarithm? Were students able to articulate the properties? Was students' prior knowledge of the properties of exponents and the definition of logarithms adequate to derive the logarithm properties? 


Copy these pages to a transparency sheet and then cut them out to use with an overhead projector. Make sure to cut out centimeter rulers and blank rulers for the students. After the lesson, hand out Logarithmic rulers if students want.

Centimeter Ruler
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Blank Ruler
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Logarithmic Ruler
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Name_____Student_______________

Logarithms Made Easy!

1. Use your calculator to find the logarithms in the tables to the nearest hundredth.

	n
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Log n
	
	
	
	
	
	
	
	
	

	n
	10
	20
	30
	40
	50
	60
	70
	80
	90

	Log n
	
	
	
	
	
	
	
	
	

	n
	100
	200
	300
	400
	500
	600
	700
	800
	900

	Log n
	
	
	
	
	
	
	
	
	


2. What patterns do you notice going across each row?

3. What patterns do you notice going down each column?

4. Use your slide rule to complete the equations below.

	log 2 + log 3 =
	log 3 + log 20 = 

	log 5 + log 8 = 
	log 30 + log 10 = 

	log 8 + log 10 = 
	log 50 + log 60 = 


5. What patterns do you notice in these equations? Write a rule for addition of logarithms.

6. Use your slide rule to complete the equations below.

	log 10 - log 5 =
	log 9 – log 3 = 

	log 200 + log 20 = 
	log 30 - log 10 = 

	log 90 + log 3 = 
	log 20 - log 4 = 


7. What patterns do you notice in these equations? Write a rule for subtraction of logarithms.

8. Use your results from the exercises above to answer the following without using a slide rule or a calculator. (Hint: Try using the properties you have already figured out!)

	 log 3 + log 3 + log 3 = 
	3 * log 3 =

	 log 2 + log 2 + log 2 + log 2 = 
	4 * log 2 =

	 6 * log 7 =
	5 * log 4 =


9. What rule can you write from the table in Question 8?

10.   List three properties of logarithms that you learned in this lesson.
Name____Curtis________________

Logarithms Made Easy!

1. Find Log n with your calculator.                                                   

	n
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Log n
	
	
	
	
	
	
	
	
	

	n
	10
	20
	30
	40
	50
	60
	70
	80
	90

	Log n
	
	
	
	
	
	
	
	
	

	n
	100
	200
	300
	400
	500
	600
	700
	800
	900

	Log n
	     
	
	
	
	
	
	
	
	


2. What happens going across each row? [image: image79.png]



3. What happens going down each column? 
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4. Use your rulers to solve the equations.

	log 2 + log 3 = 
	log 3 + log 20 = 

	log 5 + log 8 = 
	log 30 + log 10 = 

	log 8 + log 10 = 
	log 50 + log 60 = 


5. What do you notice in these equations? Write a rule for addition of logarithms.

6. Use your rulers to solve the equations.

	log 10 - log 5 =
	log 9 – log 3 = 

	log 200 + log 20 = 
	log 30 - log 10 = 

	log 90 + log 3 = 
	log 20 - log 4 = 


7. What do you notice in these equations? Write a rule for subtraction of logarithms.

8. Use the rule for addition and rule for subtraction to solve these equations without a calculator.
	 log 3 + log 3 + log 3 = 
	3 * log 3 =

	 log 2 + log 2 + log 2 + log 2 = 
	4 * log 2 =

	 6 * log 7 =
	5 * log 4 =


9. What rule can you write from the table in Question 8?

10.   List three properties of logarithms that you learned in this lesson.
Rule of Addition:

Rule of Subtraction:

Power Rule:

Name_____Curtis________________

Properties of Logarithms
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Use the properties of logarithms to rewrite the expressions.
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Use the properties of logarithms to solve these equations.

5. 
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6. 
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What are 3 ways of representing log 4 cookies? 

Review

How are logarithms and exponents related?

________________________________________________________________________________________________________________________________________________________________________

Given
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b is the ___________ and x is the _____________.

What is the 
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________________________________________________________________________________________________________________________________________________________
Coteaching


Coteaching would be very beneficial for not only Curtis, but the class in general. There could be students of varying levels and might need some extra help. We would treat the class as “our class” and share the responsibility equally. We would ultimately have the same goals managerially and philosophically at the end of the class period, making sure that every student has reached our goals.

At the beginning of each of the lessons, I think it would be beneficial to have one teach and one observe, that way there is someone walking around making sure everyone is on task and paying attention. During activities, the other instructor will clarify student questions and concerns as well as make sure everyone is doing the activity correctly. When the students are doing worksheets, I would split them up into random collaborative groups, having students work together and communicate. If Richard is really having trouble with reading, then I could have the other teacher read to him. Depending on how Curtis has dealt with a one on one situation before, I would either have the teacher work with Curtis specifically or have the teacher work with the group. I think the most important aspect of having someone for Curtis specifically would be to have someone not only read to Curtis, but to listen to him and have his ideas heard and valued. There may be times when Curtis becomes too much for the students in his group to handle, and having a teacher there to have a discourse with him would be an ideal situation. If Curtis seems to be having no trouble at all with the modified worksheets, we might do teaming or parallel teaching, where we are sharing the classroom as a whole or catering to students with specific abilities.
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