Instructional Design
Algebra 1 Unit (9th Grade)
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By:  Kyle Zwyer

Rationale

Many students struggle with and have misconceptions about mathematics causing some to dislike the subject.  However, if students realized that they use and see mathematics everyday and will continue to use it in the future then mathematics would probably be enjoyed by more students.  This unit will help prepare students to problem solve and think logically using exponential functions, polynomials, and factoring.  The unit will also help students achieve socially and economically in the future as students must solve problems and work with patterns and relations when working with other people and in the workplace.  Students will be well balanced by gaining mathematical knowledge, having the opportunity to practice their communication skills, and making connections when expressing their ideas in this unit (Brahier, 2009).

This algebra unit will consist of lesson plans that follow the Basic Lesson Planning Model (Chiarelott, 2006).  The lessons will incorporate both behaviorist and constructivist theories of teaching and learning.  I chose the Basic Lesson Planning Model because it allows me to connect the intended learning outcomes with student learning.  In addition, this model allows for the students to experience a logical sequence in the classroom with a clear beginning, middle, and end to a lesson.  Throughout the unit, I have included activities that evoke multiple intelligences for students.  Direct instruction does not always make allowances for diversity.  However, the use of hands-on activities and activities other than direct instruction allows for the teacher to teach a diverse group of students who all have different levels of intelligences.  In fact, Douglas, Burton, and Reese-Durham (2008) state, “Teachers generally carry the belief that all students are capable of achieving; Multiple Intelligence considers this and indicates the tools, teaching strategies that will bring forth such success” (p. 184).  As the class progresses through the unit, I will analyze the activities and teaching techniques I use to determine if students are learning.  I will continue with my instructional and curriculum design if student learning is taking place.  However, if students are not increasing their learning, then I will consider revisions that need to be made before I continue on with the unit.  I will assess the students’ performance in ways that are relevant to the learner and allow students to understand the material as authentic.


This unit introduces students to exponential functions, polynomials, and factoring, which are all extensions of expressions with variables that the students have already been using.  This unit allows students to work with models (growth and decay) and interpret data based on these models.  Students must problem solve along the way and think logically when trying to analyze and interpret the data.  By accurately interpreting data, appropriate decisions can be made in order to be successful within society.  Students will learn basic concepts and then be able to relate the mathematical concepts to real world examples.  More specifically, this unit will allow students to gain the skills to compare data, find values, predict and model trends, and make predictions.  Students will be gaining these skills by using the multiple intelligences when working with manipulatives, using visual representations, and working individually and in groups.  In fact, I will encourage students to lean on their strengths to understand the mathematical concepts and enjoy the mathematical unit more because of the use of multiple intelligences and different manipulatives (Willis & Johnson, 2001).

This algebra unit will be helpful for students to realize how important mathematics is for problem solving purposes and for future careers.  Students will work with specific functions in order to determine any trends or patterns that can be found, which is helpful for all students no matter what students plan to do in their futures.  Students will have the opportunity to work with math manipulatives (Algebra Blocks/Tiles) to help them understand the specific content and make real-world connections to the unit and material.  In fact, students will even learn the importance of polynomials because of polynomial encryptions for cell phones and computers, which many students use on a daily basis.  This unit will contain project methods, an authentic assessment, problem-based learning, and self-directed learning, which are all considered components of contextualized teaching and learning that are linked to the works of Parker, Dewey, Wirt, and other educators (Chiarelott, 2006).  Making connections between the mathematical content and the real world really adds value to the subject matter and the subject matter will be aligned with the Ohio Mathematics Academic Content Standards.

As a result of this unit, students will be able to build on previous mathematical knowledge in order to begin gaining the problem solving and logical skills necessary for math courses, their own life, society, and future endeavors.  In fact, students will participate in activities that help build relationships to real world examples and problems and establish solutions to the problems.  This unit encompasses contextual teaching and learning because the subject matter is related to real world situations and the teacher motivates students to make connections between knowledge and its applications to the students’ lives (Chiarelott, 2006).  It is important that we challenge students and make math seem more relevant to their own lives and futures.
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Unit Intended Learning Outcomes

Subunit One:  Exponents and Exponential Functions

· Students will apply exponent properties to products and identify the elements of a product, such as powers, exponents, and bases.  (Application, Knowledge)

· Students will solve products of powers and powers of powers.  (Application)

· Students will use properties of exponents involving quotients and recognize the elements of a quotient, such as numerator and denominator.  (Application, Knowledge)

· Students will compute expressions with zero or negative exponents and differentiate when to use the zero power and reciprocal to simplify expressions.  (Application, Analysis)

· Students will reconstruct numbers in scientific notation and break down numbers into standard form.  (Synthesis, Analysis)

· Students will evaluate growth and decay functions and write exponential growth and decay models.  (Evaluation, Synthesis)

· Students will model a situation using an exponential function, such as compound interest.  (Analysis)

· Students will distinguish the elements of exponential growth and decay models and explain growth and decay factor, growth and decay rate, time period, and initial amount.  (Comprehension, Evaluation)

· Students will justify patterns, meanings of operations, and how operations are related.  (Evaluation)

· Students will summarize ideas using the language of math.  (Comprehension)

Subunit Two:  Polynomials and Factoring

· Students will define and recognize a polynomial.  (Knowledge)

· Students will compose polynomials and identify the elements of polynomials, such as leading coefficient, degree, and constant term.  (Synthesis, Analysis)

· Students will evaluate expressions to determine if the expression is a polynomial and then categorize any polynomial as a monomial, binomial, trinomial.  (Evaluation, Synthesis)

· Students will demonstrate how to add and subtract polynomials and explain how to retrieve the simplified answer.  (Application, Comprehension)

· Students will demonstrate how to multiply polynomials and use special products to multiply polynomials.  (Application)

· Students will analyze and explain when to use the Square of a Binomial, FOIL, and Sum and Difference pattern to multiply binomials using special products.  (Analysis, Comprehension)

· Students will demonstrate how to solve polynomial equations in factored form and explain which method to use in order to solve the equation efficiently.  (Application, Evaluation)

· Students will identify the several methods for factorization and categorize when to use each method, such as using factors, vertical motion model, zero-product, special products, greatest common factor, x2 + bx + c, ax2 + bx + c, and factoring completely.  (Knowledge, Synthesis)

· Students will demonstrate how to factor completely by differentiating when to use the Greatest Common Factor, Difference of Two Squares Pattern, Perfect Square Trinomial Pattern, or Factor by Grouping.  (Application, Analysis)

· Students will summarize ideas using the language of math.  (Comprehension)

· Students will use representations to communicate mathematical ideas.  (Application)

· Students will analyze and demonstrate situations using algebraic symbols.  (Analysis, Application)

· Students will evaluate patterns and use models to understand relationships.  (Evaluation, Application)

Pre-Assessment
Directions:  Answer the following questions to the best of your ability.  When possible, please show your work.
1.  Identify the exponent and the base in the expression 138.

2.  An expression that represents repeated multiplication of the same factor is called a(n) ​​​​​​

​​​​________________.

Simplify the expression.  Make sure all exponents are positive.

3.  
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9.  50




10.  2–1
Write the number in scientific notation.

Write the number in standard form.

11.  0.72





12.  7.5 x 107
13.  Explain exponential growth in your own words.

14.  Explain the definition of a polynomial in your own words or show an example of a polynomial.

Find the sum.





Find the product.
15.  (5a2 – 3) + (8a2 – 1)



16.  (x – 4)(3x + 2)

17.  What does FOIL stand for (in terms of polynomials)?

Factor the trinomials.

18.  x2 + 3x + 2




19.  2x2 – 7x + 3

20.  Why are polynomials important?  How do they relate to the real world?

Lesson Plan:  Introduction to Polynomials

Content / Unit Outcomes:

· Students will define and recognize a polynomial.  (Knowledge)

· Students will compose polynomials and identify the elements of polynomials, such as leading coefficient, degree, and constant term.  (Synthesis, Analysis)

Lesson Objectives:

· After a short discussion, students will be able to understand that polynomials are used throughout the world with 90% accuracy.

· After a knowledge rating exercise, teacher demonstration, and having students work individually and with partners, students will be able to recognize polynomials and the elements of polynomials with 95% accuracy.
Materials Needed:

· Student Notebooks
· Computer and Projector

· Video (Saved on USB Drive or access it from the following website:  http://www.teachertube.com/view_video.php?viewkey=245ffec9fb8d47654da5)
· Chalkboard with chalk

· Exit Slips

· Polynomial Homework Worksheets

Procedures:

A. Introductory Activity:  (10 Minutes)
· Go over Objectives and Agenda for the Day

· Ask the students in the classroom if they ever wonder,  “Why do we need to know this?  I am never going to use math when I graduate and get a real job.”

· Tell students that “math is actually everywhere.  I once wondered why I was learning certain math concepts and I still wonder why I am learning certain material when it does not seem to be relevant to my life.  However, math is all around you and you sometimes really have to think about how math is used in your life.  So, let’s watch a short video to get us thinking about where math is used in our lives.”
· Play “Real Life Math” Video.

· “Now, who still thinks that math does not pertain to their life?”

· “Well, the next math topic we are going to learn about pertains to almost everyone’s life.  We are going to learn about polynomials.”

B. Developmental Activity:  (25 Minutes)
· Ask the students to raise their hand to answer, “Who in this room has a cell phone or has used a cell phone before?”

· If you have used a cell phone before, then you have actually had experience with polynomials.

· “Does anybody know how cell phones actually work so that you can call someone from a device that is not connected to anything and instantly talk to that person and only that person?”  (Wait for any responses)

· Tell students, “My grandma is totally in awe of all of the technology that we have today.  My grandma told me that when she had just got married and she had a phone in the house, when she tried to call someone down the street, all of her neighbors could pick up their own phones and listen to any conversation that was taking place.  She told me that she would not have had to watch soap operas back then because all she would have to do is pick up the phone and listen to all of the juicy gossip.”

· “So, how is it that we can talk on cell phones and instantly talk to someone in another state or even country?  The answer is through polynomials.”

· Basically, when we dial a phone number, we send a polynomial encryption signal to the cell phone towers that bounce our signal to the cell phone we are calling.  Then we talk to the person for a little bit and when we end our call, we end the signal that was being sent from tower to tower.  So, it is through the polynomial encryption that we are able to have quick and private conversations with people who are not even in the same state as we are.

· Also, most of the information stored on computers is coded to prevent unauthorized use.  For example, your banking records, medical records, and school records are coded.

· Is there anything else you can think of that would require polynomial encryption?  (Wait for responses)
· “Now that you know that you have had experience with polynomials before, let’s actually learn what a polynomial is.”

· (Have students take notes while you write on the chalkboard) A polynomial is a term or a sum of terms like 2x3.  Each term is the product of a real-life coefficient (2) and a variable with a whole-number exponent (x3).
· Go over specific terms using this example polynomial:  2x3 + 5x2 + 4x + 6

a. Degree of a polynomial:  The greatest exponent in a polynomial.  This polynomial has degree 3.

b. The exponent of 4x is 1, since x1 = x.

c. 6 is called the constant term of the polynomial, since it doesn’t really show a variable.  If we were to write 6 with a variable, it would be 6x0, since x0 = 1.  Therefore, 6 = 6x0
d. Leading Coefficient:  The number in front of the variable with the largest exponent.

e. Standard Form:  A polynomial whose exponents decrease from left to right is said to be in standard form. Our polynomial is in standard form, since the first exponent starts at 3 and the last exponent is 0.

· Now, we are going to look at four different examples.  I want each of you to work individually and write down whether each expression is a polynomial.  If so, write the polynomial in standard form and state its degree.  If not, explain why not.  (Write the examples on the chalkboard and monitor students)
a. 5x2.9

Answer:  No; the exponent 2.9 is not a whole number

b. 5x3


Answer:  Yes; 5x3; Degree 3

c. 6t + t2 – 1

Answer:  Yes; t2 + 6t – 1; Degree 2

d. 6t + (1/t2) – 1
Answer:  No; (1/t2) = t-2 and –2 is not a whole number

· Are there any questions?
· “Now that you know how to recognize a polynomial, we are going to learn how to evaluate a polynomial for a certain value.”
· Let’s evaluate 2x3 + x2 + 3x + 7 when x = 20.  (Write on Chalkboard)
· What is a way that we should already know how to evaluate this polynomial when x = 20?  (Call on a student with their hand raised) Answer:  Direct Substitution.  We can directly plug in 20 wherever there is an x and follow the order of operations.

· This gives us:  2(20)3 + (20)2 + 3(20) + 7
= 2(8,000) + 400 + 60 + 7

=16,000 + 400 + 60 + 7

=16,467
ANSWER

· Put these three problems on the chalkboard and have students evaluate the polynomials:  (Monitor students as they work)

a. –2t5 + 3t3 + 5t2 – 8

when t = –1

Answer:  –4

b. x3 – 4x2 + 6x – 2

when x = 3

Answer:  7

c. –7x4 + 5x3 + x2 – 6x + 8
when x = –2

Answer:  –128

· Tell students to compare their answers with the students around them.
· Have three students who get finished early put their answers on the chalkboard.
· Explain the work that the students put on the chalkboard.  Ask if there are any questions.
C. Concluding Activity:  (5 Minutes)
· Remind students that polynomials and the different applications we are going to learn regarding polynomials are important.  Tell students, “This subunit will teach you basic techniques of mathematics that require you to follow a distinct series of steps in order to correctly factor and solve the polynomial.  Following this unique series of steps could prove to be excellent practice for following steps to complete many different projects outside of school, such as following a recipe, putting together a model, or fixing a car.”
· Now I want to see what you have learned today and make sure that you understand what a polynomial is.  (Pass out Exit Slip)  So, fill these out and when you are finished, bring it up to the front, and put it in a pile.
D. Key Questions:

· How are polynomials used in the real world?

· What is a polynomial and what are the key elements to a polynomial?

· How do you evaluate a polynomial expression?

Summary / Closure / Evaluation:
A. Summary:  (2 Minutes)
· As a result of this lesson, I want students to understand that math is all around them and students use polynomials almost everyday.  In addition, students should understand what a polynomial is and how to recognize specific elements of polynomial expressions.  Finally, students should understand how to evaluate polynomial expressions.

B. Closure:  (8 Minutes)

· Have students grab a Polynomial Homework Worksheet and start completing it (due tomorrow).  (Monitor students and answer any questions)

C. Evaluation:  (Ongoing during the lesson and after the lesson)

· Informal Assessment:  Seeing how students responded to the video and real-life examples of polynomials, looking to see if students were understanding what a polynomial is by facial expressions, seeing how students responded to evaluating polynomial expressions, seeing how students are doing when working individually and with partners, listening to questions that the students have, and providing any feedback.

· Formal Assessment:  Giving a grade/points for students working individually and with partners and for the students writing their answers down on the chalkboard (Participation Points).  Grading the Polynomial Homework Worksheet with problems related to recognizing a polynomial and using substitution.  Reading over the exit slips.

Resources:
McKeague, C. P. (Ed). (2008). Elementary and intermediate algebra: A combined course
(3rd ed.). Belmont, CA: Thomson Brooks/Cole.

TeacherTube. (2007, November). Real life math [Video]. Retrieved from

http://www.teachertube.com/view_video.php?viewkey=245ffec9fb8d47654da5
Name: _________________





Date: ___________

Exit Slip:

1.  Three different examples of where math is or how math is used are…

2.  Is 1 + x–1 + x–2 + x–3 a polynomial?  Why or why not?

3.  Explain when a polynomial is in standard form.

Name:____________________





Date:___________

Polynomial Homework WS

Tell whether each expression is a polynomial.  If so, write the polynomial in standard form and state its degree.  If not, explain why not.

1.  5 + 2x4 – 4x3 + x – 9x2



          2.  –1.6y2 – 3.8y4 + 0.22y – 0.94y5
3.  4t4/5 + 3t3 + 2t2 + t




4. 
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6.  1 + 2r + 3r + 4r
Use substitution to evaluate each polynomial for the given value of the variable.

7.  x2 + 4x + 3
 x = 10



8.  2x3 – 3x2 – 7x + 5
x = 2

9.  2n3 – 6n + 1
n = 5



10.  –5u7 + 9u5 – 8u2 + 4u + 11   u = 
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11.  BIOLOGY:  The average weight w of a rainbow trout n in. long can be modeled by the equation w = 0.0005n3 where w is measured in pounds.


a.  Is 0.0005n3 a polynomial?  If so, what is the polynomial’s degree?


b.  Find the average weight of a rainbow trout 20 in. long.


c.  By what factor does average weight for a rainbow trout increase when length doubles?

Lesson Plan:  Addition and Subtraction of Polynomials

Content / Unit Outcomes:

· Students will compose polynomials and identify the elements of polynomials, such as leading coefficient, degree, and constant term.  (Synthesis, Analysis)

· Students will evaluate expressions to determine if the expression is a polynomial and then categorize any polynomial as a monomial, binomial, trinomial.  (Evaluation, Synthesis)

· Students will demonstrate how to add and subtract polynomials and explain how to retrieve the simplified answer.  (Application, Comprehension)

Lesson Objectives:

· After completing an anticipation guide and reading the textbook, students will be able to recognize a polynomial and some of the operations used with polynomials with 90% accuracy.
· After a teacher demonstration, working with algebra blocks in groups, and working individually, students will be able to compute polynomials through addition and subtraction with 95% accuracy.

Materials Needed:

· Name Cards

· Anticipation Guide for Section 4.4

· Textbook

· Algebra Blocks

· Algebra Block Group Worksheet

· Student Notebooks

· Computer and Projector

· Video (Saved on USB Drive or access it from the following website:
http://www.flixya.com/video/1482418/Adding__and__Subtracting_Polynomials)
· Chalkboard with chalk

· Exit Slips

· Adding & Subtracting Polynomials Homework Worksheets

Procedures:

A. Introductory Activity:  (10 Minutes)
· Collect Homework and Go over Objectives and Agenda for the Day

· Tell students that they are going to learn more about polynomials today.
· Pass out Anticipation Guide for Section 4.4.  Have students read the directions and fill out only the left hand column, “Before Reading.”
· After students have finished marking the “Before Reading” column, use Name Cards to call on students and ask what they think for one of the statements and have them explain why.
· After students have predicted if the statements were true or false, have the students read Section 4.4 (Pages 255-257).  Instruct students to fill out the right hand columns of the Anticipation Guide after they are finished reading the section.  (Monitor students as they read and fill out the Anticipation Guide)
· “Now that you all have read the section, were your predictions accurate?”  Use Name Cards to call on students for the correct answers and the explanation for their response.  (Refer to the Teacher’s Copy of the Anticipation Guide)
· “Now that we know what polynomials are and we have seen examples of how to add and subtract polynomials, let’s actually demonstrate how to add and subtract polynomials using algebra blocks.”
B. Developmental Activity:  (30 Minutes)
· “Before you actually work with the blocks, I want to do a demonstration with algebra blocks first, so that you know how to use them.”  (Blocks should already be organized on certain desks)
· “I have several blocks that you can see, but I need to tell you what each block represents.”  (Green = 1; Yellow Rod = x; Yellow Square = x2; Yellow Cube = x3)

· “Before I show you how to use these blocks to add and subtract polynomials, let’s just see how to use the blocks with numbers.” (Examples:  2 + 3 = 5, 9 – 7 = 2) Ask students if they understand.

· Since we can use the blocks to add and subtract numbers, we can also use the blocks to add and subtract polynomials.”

· Adding Polynomials:

a. First, show two different polynomials.

· x2 + 2x + 3

· 3x2 + x + 4

b. Now, add the polynomials together.

· (x2 + 2x + 3) + (3x2 + x + 4)  (Combine the like blocks)

c. “What is the solution?”

· Answer:  4x2 + 3x + 7

d. “Does anybody have any questions about that?”  (Answer any questions)

· Subtracting Polynomials:

a. Show our two different polynomials.
· 4x2 + 3x + 5 (Show on PowerPoint)

· 2x2 + 2x + 2 (Show on PowerPoint)

b. Now, subtract the polynomial.  (Use the basic mat)

· (4x2 + 3x + 5) – (2x2 + 2x + 2)  (Get rid of the extra blocks)

c. “What is the solution?”

· Answer:  2x2 + 1x + 3

d. “Does anybody have any questions about that?”  (Answer any questions)

· “Now, it’s your turn to try to add and subtract polynomials.  I want each of you to grab an Algebra Block Group Worksheet and get into your groups (already pre-assigned at beginning of the year).”

· Have each student demonstrate an addition and subtraction problem using the algebra blocks.  So, while one person in the group is doing a problem, I want the other people in the group to be evaluating to make sure that the person is grabbing the correct blocks and adding or subtracting accurately.  “If you can’t figure out how to show the equation, you can ask your group members and I will be walking around to check in on each group.  When your group is done, raise your hands, so that I can come over and check your work before you put your blocks back into the bags.”  (Monitor Groups:  While Monitoring, ask questions, such as, “Demonstrate the way to add/subtract the polynomial.”  “What steps are important in the process of adding/subtracting polynomials?” and “What do you think should be the outcome for the problem?”)

· “Now that we have practiced adding and subtracting polynomials with algebra blocks, we will try to add and subtract polynomials without the blocks.”

· “We don’t want to carry around blocks for the rest of our lives in order to add and subtract polynomials, so we are going to learn how to add and subtract on paper by watching a short video demonstration.”  (Have students take notes during the video)

· Play Video:  “Adding & Subtracting Polynomials”

· Based on this video, how do you add polynomials?  (Draw Name Card)  Answer:  Combine the Like Terms

· How do you subtract polynomials?  There were two steps involved.  (Draw Name Card)  Answer:  Distribute the (-) throughout the parenthesis and then combine the like terms.

· “Now that you have seen how to write out and solve the addition and subtraction of polynomials, I want to make sure you actually understand the material.”

C. Concluding Activity:  (5 Minutes)
· (Using Chalkboard) Have students work on the next example individually.
· Example:  Joey tried to subtract:  (x2 - 4x + 3) - (4x2 + 5x - 2)  He got an answer of -3x2 + x + 1

1) Explain what Joey did wrong.  (Use Name Card)  Answer:  He didn’t distribute correctly.

2) What is the correct answer?  (Use Name Card)  Answer: -3x2 - 9x + 5
3) Check your answer.  (Use Name Card)  Answer:  Distribute the ( - ) and combine like terms.
· Now that we know how to add and subtract polynomials, what do you think we’ll be starting tomorrow?  Answer:  Multiplication and Division of Polynomials.  How do you think you can use adding and subtracting polynomials in the real world?  (Students should remember examples used from the previous lesson.  If not, remind them about cell phone encryptions and codes on computers.)
· Now I want to see what you learned today and make sure you understand how to add and subtract polynomials.  (Pass out Exit Slip)  So, fill these out and when you get finished, bring it up to the front, and put it in a pile.
D. Key Questions:

· What is a polynomial and what are the key elements to a polynomial?

· How do you add and subtract polynomial expressions?

Summary / Closure / Evaluation:
A. Summary:  (1 Minute)

· As a result of this lesson, I want students to understand that polynomials can be added and subtracted.  More importantly, I want students to understand how to add and subtract polynomial expressions and the important tasks to remember when performing these operations.

B. Closure:  (4 Minutes)

· Have students grab a Adding & Subtracting Polynomials Homework Worksheet and start completing it (due tomorrow).  (Monitor students and answer any questions)

C. Evaluation:  (Ongoing during the lesson and after the lesson)

· Informal Assessment:  Seeing how students respond when giving answers/predictions for the anticipation guide, looking to see if students were getting the correct answers on the anticipation guide, seeing how students are working with the algebra blocks when in groups, looking to see if students are getting the correct answers when working with the algebra blocks, and providing any feedback.
· Formal Assessment:  Grading the Assigned Worksheet with 10 problems on adding and subtracting polynomials.  Giving a grade/points for students working in groups and participating while working with the algebra blocks. Reading over the Exit Slips.
Resources:
FLIXYA. (2008, October). Adding & subtracting polynomials [Motion picture]. Retrieved from


http://www.flixya.com/video/1482418/Adding__and__Subtracting_Polynomials
McKeague, C. P. (Ed). (2008). Elementary and intermediate algebra: A combined course
(3rd ed.). Belmont, CA: Thomson Brooks/Cole.

Name: _______________________





Date: ____________

Anticipation Guide

Section 4.4 – Addition and Subtraction of Polynomials

Directions:

1. Before reading the text, complete the left side of the anticipation guide.  Read each of the given statements.  In the column marked “Before Reading,” write a T if you think the statement is true or an F if you think the statement is false.

2. After reading the section, complete the right side of the anticipation guide.  Based on what you read, mark T or F in the “After Reading” column.  In the “Text” column, mark the page number from the text where you find proof supporting or refuting the statement.

Before

Statement:





After

Text:
Reading:







Reading:
______
1.  A polynomial is a sum of monomials.

______
__________

______
2.  The degree of a polynomial is the 
sum

______
__________

of the exponents of all its variables.

______
3.  2x2 + 7x is a binomial.



______
__________

______
4.  3x + 5 + 2x is a trinomial.



______
__________

______
5.  9x3 – 4x2 + 2x – 1 is a polynomial
 of

______
__________

degree 4.

______
6.  To add two polynomials, add the


______
__________

coefficients of the similar terms.

______
7.  (2x2 – x + 2) + (x2 + 3x – 2) = 3x2 + 2x

______
__________

______
8.  To subtract two polynomials, distribute

______
__________

the negative and then add the coefficients of

the similar terms.

______
9.  (4x2 + x – 2) – (–2x2 – 3x) = 2x2 – 2x – 2

______
__________

______
10.  When x = 2, the value of (2x2 – x + 1) is 7.
______
__________

Name: TEACHER’S COPY






Date: ____________

Anticipation Guide

Section 4.4 – Addition and Subtraction of Polynomials

Directions:

1. Before reading the text, complete this anticipation guide.  Read each of the given statements.  In the column marked “Before Reading,” write a T if you think the statement is true or an F if you think the statement is false.

2. After reading the section, come back to this anticipation guide.  Based on what you read, mark T or F in the “After Reading” column.  In the “Text” column, mark the page number from the text where you find proof supporting or refuting the statement.

Statement:





After Reading:
Text:
1.  A polynomial is a sum of monomials.

True


Page 255
2.  The degree of a polynomial is the 
sum

False


Page 255
of the exponents of all its variables.

Explanation:  The degree of a polynomial is the highest power to which the variable is raised.
3.  2x2 + 7x is a binomial.



True


Pages 255-256
4.  3x + 5 + 2x is a trinomial.



False


Pages 255-256
Explanation:  3x + 5 + 2x is a binomial because it can be simplified to 5x + 5, which only has two terms.

5.  9x3 – 4x2 + 2x – 1 is a polynomial
 of

False


Pages 255-256
degree 4.

Explanation:  9x3 – 4x2 + 2x – 1 is a polynomial of degree 3, with 4 terms.

6.  To add two polynomials, add the


True


Page 256
coefficients of the similar terms.

7.  (2x2 – x + 2) + (x2 + 3x – 2) = 3x2 + 2x

True


Page 256

8.  To subtract two polynomials, distribute

True


Pages 256-257
the negative and then add the coefficients of

the similar terms.

9.  (4x2 + x – 2) – (–2x2 – 3x) = 2x2 – 2x – 2

False


Pages 256-257

Explanation:  The answer is actually 6x2 + 4x – 2 because you have to distribute the negative and then add the coefficients of the similar terms.

10.  When x = 2, the value of (2x2 – x + 1) is 7.
True


Page 257
Name:____________________





Date:___________

Group Work

Using the Algebraic Blocks, add/subtract the following polynomials.

1.  (4x2 + 2x + 7) + (3x2 + 6x + 4)

2.  (x2 + 3x + 2) + (2x + 5)

3.  (x3 + 3x2 + x + 3) + (x2 + x)

4.  (x3 + 2) + (x3 + x2 + 4x + 1)

5.  (5x2 + 6x + 4) – (5x + 1)

6.  (2x2 + 3x + 1) – (x2 + x)

7.  (2x3 + 4x2 + 2x + 5) – (x3 + x2 + x + 1)

8.  (x3 + 4x2) – (x3 + 3x2)

Name:_________________





Date:___________

Exit Slip:

1.  Three things I learned today are…

2.  A question I have is…

3.  The best part of class today was…

Name:____________________





Date:___________

Homework

Add / Subtract the following polynomials.

1.  (3x2 + 5x + 2) + (3x2 + 4x + 1)



2.  (2x2 + 2x + 2) + (5x + 7)

3.  (7x3 + 6x2 + 3x + 9) + (5x2 + x)



4.  (4x3 + 6) + (5x3 + 7x2 + 4x + 2)

5.  (6x2 + 4x + 5) + (x + 2)




6.  (3x2 + x + 1) – (2x2 + 8x)

7.  (4x3 + 2x2 + 5x + 1) – (4x3 + 2x2 + 2x + 2)

8.  (4x3 + x2) – (3x3 + 4x2)

9.  (8x5 + 4x4 – 6x2 – 2) – (9x3 + x – 3)


10.  (-2x4 – 7x2 + 1) – (5x3 + 3)

Lesson Plan:  Multiplication of Polynomials

Content / Unit Outcomes:

· Students will demonstrate how to add and subtract polynomials and explain how to retrieve the simplified answer.  (Application, Comprehension)

· Students will demonstrate how to multiply polynomials and use special products to multiply polynomials.  (Application)

· Students will analyze and explain when to use the Square of a Binomial, FOIL, and Sum and Difference pattern to multiply binomials using special products.  (Analysis, Comprehension)

Lesson Objectives:

· After a teacher demonstration and using colored pencils, students will be able to multiply polynomials with 80% accuracy.

· After working on a worksheet, students will be able to compute and explain how to multiply polynomials with 95% accuracy.

Materials Needed:

· Name Cards

· Colored Pencils

· Student Notebooks

· Computer and Projector

· SMART Board

· Exit Slips

· Multiplying Polynomials Homework Worksheets

Procedures:

A. Introductory Activity:  (10 Minutes)
· Collect Homework and Go over Objectives and Agenda for the Day

· “Who can tell me what we discussed yesterday?”  Answer:  Adding and Subtracting Polynomials

· “Taking into account yesterday’s lesson, who can tell me one of the main rules on how to add and subtract polynomials?  Answer:  Combine the like terms.

· Once you combine the like terms, the addition and subtraction become much simpler.  However, for some students, it might be difficult to see the like terms.

· Have students get out a pencil and pass around the colored pencils for their activity.  Make sure to tell students to pick four different colors.

· Write two addition and two subtraction problems involving polynomials on the SMART Board and tell students to write these problems on scrap paper with their regular pencil.  Next, have students draw a shape around the same like terms using a different color and shape for the different like terms.  After the students have used their colored pencils, have them solve the addition ad subtraction of the polynomials.  For example:

[image: image20.png]x*-2x+3
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 (  2x2   +  5x  –  6    )  +   (   x2    –    x   +  3    )


a.  (7v3 – 4v2 – v + 8) + (2v3 – 9v2 + v – 11)

Answer:  9v3 – 13v2 - 3


b.  (-w3 – 3w2 + 9w – 13) + (6w3 + w2 – 5)

Answer:  5w3 – 2w2 + 9w – 18


c.  (x3 + 5x2 – 8x – 12) – (4x3 – 7x2 + 3x + 2)
Answer:  -3x3 + 12x2 – 11x – 14


d.  (2n3 – n2 + 5n + 6) – (15n3 + n2 – 8n – 9)

Answer:  -13n3 – 2n2 + 13n + 15

· Walk around and see if students are getting the correct answers and correct any mistakes.

· Tell students, “When you are done, check with the other people around you to see if you identified the same similar terms.”

· When students are finished, ask, “Was it easier to recognize the like terms and add and subtract the polynomials when the like terms were in different colors?”

· “If it was easier for you to use different colors for these problems, then you might want to do the same when we learn how to multiply polynomials.  So, get out your notebook and you can take notes and learn how to multiply polynomials.”

B. Developmental Activity:  (20 Minutes)
· Before we start learning how to multiply polynomials, let’s remind ourselves of distribution.  (Use the SMART Board and Have Students Take Notes)  If we have 2(3x + 4), then we distribute the 2 to everything in the parenthesis.  Therefore, we get 2(3x) + 2(4), to produce 6x + 8.
· Multiplying polynomials works in a similar manner.  The general rule is that each term in the first factor has to multiply each term in the other factor.  The number of products you get has to be the number of terms in the first factor times the number of terms in the second factor.  For example, a binomial times a binomial gives four products, while a binomial times a trinomial gives six products.  After the multiplication of each term is complete, you can then try to combine all of the like terms and simplify the result.
· Let’s try an example (Use the SMART Board):

(x + 2)(x2 – 2x + 3)

Ask the students:  “What two factors are being multiplied?”  Answer:  Binomial and Trinomial

Ask the students:  “So, how many products will you have?”  Answer:  6 products

Show the students on the chalkboard: (x + 2)(x2 – 2x + 3) and then (x + 2) (x2 – 2x + 3)

We can start with the x and multiply it by all three terms in the other factor and then do the same with the 2.  It would look like this:

 (x + 2)(x2  2x + 3)

=  (x)x2 (x)2x + (x)3 + (2)x2 (2)2x + (2)3

= x3  2x2 + 3x + 2x2  4x + 6

= x3  x + 6

· This method of multiplying polynomials can sometimes get difficult when there are a lot of terms involved.  So, let’s look at another way of multiplying polynomials.
· Remember how you learned how to multiply numbers that were larger than the multiples you memorized?  How did you multiply 623 x 42?  Have a student demonstrate on the SMART Board.  Answer:  You put the 42 below the 623 and multiply by doing the following:

    623

        



x    42

         


  1246

      

         + 24920





26166

· You can multiply polynomials in a similar way:

	Stack the factors, keeping like degree terms lined up vertically:
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	Multiply the 2 and the 3:
	[image: image10.png]




	Multiply the 2 and the –2x:
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	Multiply the 2 and the x2:
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	Now multiply the x by each term above it, and write the results down underneath, keeping like degree terms lined up vertically:
	
[image: image13]
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	Then you just add up the like terms that are conveniently stacked above one another:
	
[image: image16]


(This method is more liked by students because you are far less likely to accidentally overlook one of the products, but it does take up more space on the paper.)

· There is an easy phrase to use when you have to multiply two binomials together and it is called FOIL.
· FOIL means:  First-Outer-Inner-Last and show the students each step using the following example:  (3x + 4)(x3 – 2x2)


(3x)(x3) = First
(3x)(–2x2) = Outer
(4)(x3) = Inner

(4)(–2x2) = Last


(3x)(x3) + (3x)(–2x2) + (4)(x3) + (4)(–2x2) =

3x4 – 6x3 + 4x3 – 8x2




Combine Like Terms:

3x4 – 2x3 – 8x2
FOIL only works when multiplying two binomials.

· What does FOIL stands for?  (Pick name card)  Answer:  First-Outer-Inner-Last
· When do you use FOIL?  (Pick name card)  Answer:  When multiplying two binomials.
· Ask students:  “Are there any questions?”
· Inform students that the best way to learn how to multiply polynomials is to practice.
C. Concluding Activity:  (3 Minutes)
· Now I want to see what you learned today and make sure you understand how to multiply polynomials.  (Pass out Exit Slip)  So, fill these out and when you get finished, bring it up to the front, and put it in a pile.
D. Key Questions:

· How do you multiply polynomial expressions?

· How do you multiply two binomials and what phrase do you use?

Summary / Closure / Evaluation:
A. Summary:  (1 Minute)

· As a result of this lesson, I want students to understand how to multiply polynomials.  More importantly, I want students to understand how to multiply two binomial expressions by using the FOIL method.

B. Closure:  (16 Minutes)

· Have students grab a Multiplying Polynomials Homework Worksheet and start completing it (due tomorrow).  (Monitor students and answer any questions)

C. Evaluation:  (Ongoing during the lesson and after the lesson)

· Informal Assessment:  Seeing how students were recognizing like terms, looking to see if students were getting the correct answers to the addition and subtraction problems, seeing how students are reacting during the presentation of multiplying polynomials, listening to students’ questions about multiplying polynomial expressions, and providing any feedback.

· Formal Assessment:  Giving a grade/points for students working on the colored pencil activity.  Grading the Worksheet for Homework with 12 problems on multiplying polynomials.  Reading over the Exit Slips.

Resources:
McKeague, C. P. (Ed). (2008). Elementary and intermediate algebra: A combined course
(3rd ed.). Belmont, CA: Thomson Brooks/Cole.

Name:_________________





Date:___________

Exit Slip:

1.  FOIL stands for…

2.  Multiply the following polynomials and show your work:  (2x – 3)(4x2 – 5x + 8)

3.  A question I have is…  OR  The best part of class today was…

Name:___________________





Date:___________

Multiplying Polynomials Worksheet

Solve the following:

1.  8(2x + 5) – 7(x – 9)




2.  2(2 – 5t) + t2(t – 1) – (t4 – 1)

3.  (3t – 2)(7t – 5)





4.  (1 – 2y)2
5.  (2x – 5)(x2 – x + 1)





6.  (1 + a3)3
7.  (x2 + x – 1)(2x2 – x + 2)




8.  (1 – 2y)3
9.  (4x – 1)(3x + 7)





10.  (3x3 + x2 – 2)(x2 + 2x – 1)

11.  (3x + 4)2






12.  (1 + 2x)(x2 – 3x + 1)

Post-Assessment
Simplify the expression.

1.  [(–43)]2

2.  
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3.  
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Write the number in scientific notation.

5.  7,194,548




6.  0.000123

Write the number in standard form.

7.  4.02 x 105




8.  1.3 x 10–3
Solve the following problems.  Make sure to answer all parts for each problem.

9.  A recent college graduate accepts a job at a law firm.  The job has a salary of $32,000 per year.  The law firm guarantees an annual pay increase of 3% of the employee’s salary.

a.  Write a function that models the employee’s salary over time.  Assume that the employee receives only the guaranteed pay increase.

b.  Use the function to find the employee’s salary after 5 years.

10.  At sea level, Earth’s atmosphere exerts a pressure of 1 atmosphere.  Atmospheric pressure P (in atmospheres) decreases with altitude and can be modeled by P = (0.99987)a where a is the altitude (in meters).

a.  Identify the initial amount, decay factor, and decay rate.

b.  Use a graphing calculator to graph the function and sketch the graph.

c.  Estimate the altitude at which the atmospheric pressure is about half of what it is at sea level.

Find the sum or difference.

11.  (a2 – 4a + 6) + (–3a2 + 13a + 1)


12.  (15n2 + 7n – 1) – (4n2 – 3n – 8)

Find the product.

13.  (2z + 9)(z – 7)




14.  (b + 2)(–b2 + 4b – 3)

15.  (2s + 9t)2
Factor the polynomial.

16.  x2 + 8x + 7




17.  –3n2 + 75

Solve the equation.

18.  4x2 = 22x + 42

Solve the following problems.  Make sure to answer all parts for each problem.

19.  A cricket jumps off the ground with an initial vertical velocity of 4 feet per second.

a.  Write an equation that gives the height (in feet) of the cricket as a function of the time (in seconds) since it jumps.

b.  After how many seconds does the cricket land on the ground?

20.  A construction worker is working on the roof of a building.  A drop of paint falls from a rafter that is 225 feet above the ground.  After how many seconds does the paint hit the ground?
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