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	ALGEBRA II Course


	This course is designed to continue student investigations of functions and algebra that began in Algebra I.  In this Algebra II course, students will accomplish this by progressing to more abstract representations such as polynomial, exponential, logarithmic, and inverse functions. Students will find that just as in Algebra I a central theme of this course and algebraic thinking in general is the study of patterns which in turn leads to an understanding of relations and functions.  Students will recognize, describe, and generalize patterns building mathematical models to describe, interpret, and predict the behavior of real-world phenomenon at a more sophisticated level than Algebra I.  Finally, students will come to understand that algebraic methods and functions are important tools that students can use to gain access to higher levels of mathematics, science, and engineering.


	Content Strand:  

Functions and Algebra

Process Strands:


Problem solving, Reasoning and Proof,

Communications, Connections, and Representations

Major Concepts:


The Language of Algebra

                      Real & Complex Numbers
     Absolute Value

                      Variables
               Polynomials



Expressions

               Exponents



Patterns

               Radicals

Patterns, Functions and Relations 



Linear Equations                     Slope/ Rates of Change



Quadratics                               System of Equations



Inequalities                              Models


Exponential  Equations           Polynomials
                      Logarithmic
                                       Sequences and Series
                                 Piecewise                               Inverse Functions                 

Equivalence (Equality)



Equations

                Rational Equations



Inequalities

                Radicals



Exponents

                Linear Systems
                      Logarithms                              Matrices
                      Trigonometric
Major Stems:

Identifies, extends, and generalizes a variety of patterns

Generalization and conceptual understanding of linear and nonlinear functions and relations

Conceptual understanding of algebraic expressions

Conceptual understanding of equality

ALGEBRA II COURSE CONTENT COMPETENCIES

1. Students will understand and compare the properties of classes of functions and perform operations and transformations on them.
2. Students will understand that a variety of patterns, relations, and functions can be used to describe, interpret, represent, and predict real world phenomena.

3. Students will understand how to use tables, graphs, and equations are ways for depicting and analyzing patterns of change in various types of data sets.

4. Students will understand how to manipulate symbolic statements by mathematical rules to produce equivalent statements and the necessity, importance, and application thereof.


	ALGEBRA II COURSE PROCESS SKILLS 

1. Students will understand that a variety of problem-solving strategies can be used to investigate everyday as well as increasingly complex mathematical situations.

2. Students will understand that exploring, justifying, and synthesizing mathematical conjectures are part of systemic reasoning which is common to all content areas and a defining feature of mathematics.

3. Students will understand that actively exploring, investigating, describing, and explaining mathematical ideas promotes communication which leads to a greater comprehension of mathematical concepts.

4. Students will understand that mathematical connections will help them become aware of the usefulness of mathematics, serve to bridge the concrete and the abstract, and enable deeper understanding of important ideas.

5. Students will understand that representing ideas and connecting the representations lies at the heart of understanding mathematics.



	ALGEBRA II


	Functions and Algebra Strand - Stem 1



	Identifies, extends, and generalizes a variety of linear and nonlinear patterns




	Topics
	Arithmetic and geometric sequences; linear and nonlinear patterns; variables, expressions and equivalent expressions


	Competencies
	1. Students will understand and compare the properties of classes of functions and perform operations and transformations on them.
2. Students will understand that a variety of patterns, relations, and functions can be used to describe, interpret, represent, and predict real world phenomena.
3. Students will understand how to use tables, graphs, and equations are ways for depicting and analyzing patterns of change in various types of data sets.
4. Students will understand how to manipulate symbolic statements by mathematical rules to produce equivalent statements and the necessity, importance, and application thereof.


	Knowledge/Content
	1. Identifies, extends, and generalizes a variety of patterns (polynomial, exponential, logarithmic, rational) represented by models, tables, sequences, or graphs in problem solving situations.

2. Generalizes linear and non-linear relationships (using technology when appropriate).
3.
Identifies arithmetic and geometric sequences to the nth term then uses the generalization to find a specific term.


	Process Skills


	1. Students will understand that a variety of problem-solving strategies can be used to investigate everyday as well as increasingly complex mathematical situations. 

2. Students will understand that exploring, justifying, and synthesizing mathematical conjectures are part of systemic reasoning which is common to all content areas and a defining feature of mathematics. 

3. Students will understand that actively exploring, investigating, describing, and explaining mathematical ideas promotes communication which leads to a greater comprehension of mathematical concepts. 

4. Students will understand that mathematical connections will help them become aware of the usefulness of mathematics, serve to bridge the concrete and the abstract, and enable deeper understanding of important ideas. 

5. Students will understand that representing ideas and connecting the representations lies at the heart of understanding mathematics




	Sample Performance Assessment (SPA) # 1
	An architect has designed a series of buildings.  The front views of the first three buildings in this series are shown below.  




     Building  1             Building 2
               Building 3

Suppose the front of the building is to be completely glass.  Your challenge is to predict the surface area for the front of any building in this series so that the approximate amount glass needed is known using an algebraic equation.  Assume that each square represents 100 square feet and each square is one story high.  Show all work and explain how you arrived at your algebraic solution.  Is there more than one way to represent your equation?  If so, list and explain them.  Finally, show how your equation predicts the amount of glass needed for a 100 story building and what that amount is. 


	Topics in SPA # 1
	Linear and nonlinear patterns; variables, expressions and equivalent expressions 

	Mathematics Process Skills Addressed in SPA # 1


	1. Students will understand that actively exploring, investigating, describing, and explaining mathematical ideas promotes communication which leads to a greater comprehension of mathematical concepts. 

2. Students will understand that mathematical connections will help them become aware of the usefulness of mathematics, serve to bridge the concrete and the abstract, and enable deeper understanding of important ideas. 

3. Students will understand that representing ideas and connecting the representations lies at the heart of understanding mathematics.


	Mathematics Competencies Addressed in SPA # 1


	1. Students will understand that a variety of patterns, relations, and functions can be used to describe, interpret, represent, and predict real world phenomena.
2. Students will understand how to use tables, graphs, and equations are ways for depicting and analyzing patterns of change in various types of data sets.
3. Students will understand how to manipulate symbolic statements by mathematical rules to produce equivalent statements and the necessity, importance, and application thereof. 

	SPA # 1     Rubric


	
	
	

	Level 4


	Level 3
	Level 2
	Level 1

	The student determines a correct quadratic equation that predicts the surface area of any building in the series and finds at least two other forms of that equation.  The student accurately shows and explains the work and solution including how the different parts of the equations relate to the geometric representation. The student shows that the equation correctly predicts the amount of glass needed for a 100 story building. 

	The student determines a correct quadratic equation that predicts the surface area of any building in the series and finds one other form of that equation.  The student accurately shows and explains the work and solution.  This may include how the different parts of their equation(s) relate to the geometric representation.   The student shows that the equation correctly predicts the amount of glass needed for a 100 story building. 

	The student determines an equation which may have errors.  The student shows and explains the work/solution.  The student does not correctly predict the amount of glass needed for a 100 story building. 

	The student determines an equation with errors.  There is no explanation.  


	ALGEBRA II


	Functions and Algebra Strand - Stem 2


	Demonstrates conceptual understanding of linear and nonlinear functions and relations.



	Topics
	Classes of functions; rates of change; representations of functions and relations; variable relationships 


	Competencies
	1. Students will understand and compare the properties of classes of functions and perform operations and transformations on them.
2. Students will understand that a variety of patterns, relations, and functions can be used to describe, interpret, represent, and predict real world phenomena.
3. Students will understand how to use tables, graphs, and equations are ways for depicting and analyzing patterns of change in various types of data sets.
4. Students will understand how to manipulate symbolic statements by mathematical rules to produce equivalent statements and the necessity, importance, and application thereof.



	Knowledge/Content
	1. Analyzes characteristics of classes of functions (polynomial, rational, exponential, and logarithmic) to include domain, range, intercepts, increasing and decreasing intervals, maximum and minimum values, asymptotes and rates of change.

· Recognize, describe, and extend patterns governed by a polynomial, exponential, logarithmic, inverse and direct variation functional relationship.

· Identify the domain, range, dependent and independent variables of functions.

· Translate between different representations of functions and relations, i.e. graphs, equations, sets of ordered pairs, word descriptions, and tables.

· Describe how change in the value of one variable relates to change in the value of the second variable.
2. Understand one-to-one (injective) functions and that a function that is one-to-one has a converse that is also a function; and finds inverses algebraically and graphically.
3. Graphs polynomial, rational, exponential, logarithmic, inverse and direct/indirect variation functions, including vertical and horizontal shifts, stretches, and compressions as well as reflections across vertical and horizontal axes.

· Determine a graph by describing its geometric properties from the function.

· Demonstrate an understanding of the relationship between various representations of a function.

· Find solutions to equations through graphical representation.

· Given a function display the key features of the graph (e.g. line of symmetry, vertex, x intercepts and y-intercepts, asymptotes).

4. Applies knowledge of functions to interpret and understand situations, design mathematical models, and solve problems in mathematics as well as in the natural and social sciences.

· Solve everyday problems that can be modeled using functions and apply appropriate graphical or symbolic methods to the solution.

· Solve everyday problems that can be modeled using systems of equations or inequalities and apply algebraic and graphical methods to solution.

· Interprets a given representation(s) (e.g. regression function) to analyze the data to make inferences and to formulate, justify, and critique conclusions. 

· Analyzes patterns, trends, or distributions in data in a variety of contexts by determining or using estimated line of best fit, regression line, or correlation to solve problems.
· Organizes and displays one- and two- variable data using a variety of representations (e.g., scatter plots, linear, quadratic, and exponential regression functions) to analyze data to formulate or justify conclusions, make predictions, or to solve problems across disciplines or contexts.


	Process Skills


	1. Students will understand that a variety of problem-solving strategies can be used to investigate everyday as well as increasingly complex mathematical situations. 

2. Students will understand that exploring, justifying, and synthesizing mathematical conjectures are part of systemic reasoning which is common to all content areas and a defining feature of mathematics. 

3. Students will understand that actively exploring, investigating, describing, and explaining mathematical ideas promotes communication which leads to a greater comprehension of mathematical concepts. 

4. Students will understand that mathematical connections will help them become aware of the usefulness of mathematics, serve to bridge the concrete and the abstract, and enable deeper understanding of important ideas. 

        5. Students will understand  that representing ideas and connecting
             the representations lies at the heart of understanding  

            mathematics



	Sample Performance Assessment (SPA) #1
	For each of the two real world scenarios: a.) sketch a complete, labeled, reasonable graph showing how the dependent variable is related to the independent variable; b.) identify a function that best models the situation; and c.) briefly explain the reasoning behind your sketch and function selection.  
     Scenario 1:  The volume of liquid in a beaker as it is poured out 

                          depends on the time it takes to pour all of the liquid

                          out.

     Scenario 2:  The height of a basketball’s bounce depends on the
                          force that it is bounced against a gym floor.

Additionally, write three more scenarios of your own that use three different functions (different from each other and those in the two scenarios above).  For each, provide an answer key that includes parts a, b, and c as above.


	Topics in SPA #1

	Classes of functions; rates of change; variable relationships 


	Mathematics
Process Skills Addressed in SPA #1


	1. Students will understand that a variety of problem-solving strategies can be used to investigate everyday as well as increasingly complex mathematical situations.
2. Students will understand that exploring, justifying, and synthesizing mathematical conjectures are part of systemic reasoning which is common to all content areas and a defining feature of mathematics.
3. Students will understand that actively exploring, investigating, describing, and explaining mathematical ideas promotes communication which leads to a greater comprehension of mathematical concepts.
4. Students will understand that mathematical connections will help them become aware of the usefulness of mathematics, serve to bridge the concrete and the abstract, and enable deeper understanding of important ideas.
5. Students will understand that representing ideas and connecting the representations lies at the heart of understanding mathematics.



	Mathematics Competencies Addressed in SPA #1


	1. Students will understand and compare the properties of classes of functions and perform operations and transformations on them.

2. Students will understand that a variety of patterns, relations, and functions can be used to describe, interpret, represent, and predict real world phenomena.




	SPA # 1     Rubric

	
	
	

	Level 4

	Level 3
	Level 2
	Level 1

	The student sketches correct graphs for the given scenarios.  Three more scenarios are created that use different functions and correct graphs are created.  For both the given and student generated scenarios: each graph has the correct variables labeled on the axis; the function is identified correctly in each; and, correct reasoning is given for both the function choice and the sketch.  

	For both the given scenarios: the graph has the correct variables labeled on the axis and a reasonable graph is sketched; the function is identified correctly; and, correct reasoning is given for both the function choice and the sketch.  Three more scenarios are created that use different functions.  For these scenarios, only one or two “minor” mistakes are made (i.e. wrong labeling or incomplete reasoning).

	The student sketches graphs for both given scenarios.  Three more scenarios are created.  For both the given and student generated scenarios: a reasonable graph is sketched; the function may not be identified correctly; and, reasoning is given for both the function choice and the sketch which may be incomplete.  

	The student sketches graphs for both given scenarios.  One or more scenarios are created.  For both the given and student generated scenarios: an incorrect or incomplete graph is sketched; the function may not be identified correctly; and/or, reasoning is given for both the function choice and the sketch which may be incomplete or missing.  



	ALGEBRA II


	Functions and Algebra Strand - Stem 3


	Demonstrates conceptual understanding of algebraic expressions.



	Topics
	Algebraic, numerical, polynomial, rational, radical, exponential, and logarithmic expressions; absolute value, roots, exponents, factoring, order of operations, properties of numbers and field properties


	Competencies
	1. Students will understand and compare the properties of classes of functions and perform operations and transformations on them.
2. Students will understand that a variety of patterns, relations, and functions can be used to describe, interpret, represent, and predict real world phenomena.
3. Students will understand how to use tables, graphs, and equations are ways for depicting and analyzing patterns of change in various types of data sets.
4. Students will understand how to manipulate symbolic statements by mathematical rules to produce equivalent statements and the necessity, importance, and application thereof.


	Knowledge/Content
	1. Manipulates, evaluates, and simplifies algebraic and numerical expressions:
· Polynomial or rational expressions involving integer exponents, square roots or absolute values
· Add, subtract, multiply and divide polynomial and rational expressions 

· Factors quadratic and higher degree polynomials
2. Understands properties of logarithms and converts between logarithmic and exponential forms.

3. Manipulates, evaluates, and simplifies expressions involving rational exponents and radicals and converts between expressions with rational exponents and expressions with radicals.
4. Identifies and is able to explain the effect of simplifying rational expressions on the domain of the related functions.
5. Simplifies complex fractions.

6. Uses the Remainder Theorem, Factor Theorem, and Rational Root Theorem for polynomials.

7. Translates problem situations into algebraic expressions.
8. Applies properties of numbers and field properties to simplify computations 



	Process Skills


	1. Students will understand that a variety of problem-solving strategies can be used to investigate everyday as well as increasingly complex mathematical situations. 

2. Students will understand that exploring, justifying, and synthesizing mathematical conjectures are part of systemic reasoning which is common to all content areas and a defining feature of mathematics. 

3. Students will understand that actively exploring, investigating, describing, and explaining mathematical ideas promotes communication which leads to a greater comprehension of mathematical concepts. 

4. Students will understand that mathematical connections will help them become aware of the usefulness of mathematics, serve to bridge the concrete and the abstract, and enable deeper understanding of important ideas. 

5. Students will understand that representing ideas and connecting the representations lies at the heart of understanding mathematics.




	Sample Performance Assessment (SPA) #1
	Your friend, Miller, is in major trouble with his parents. They think he must have been traveling too fast during a return trip from skiing in the mountains since he made better time than they usually do.  Presently, his parents have taken away his car and grounded him for a month.  Your task is to show, based on the evidence, that Miller’s average speed from the mountain to the train station was below the 45 mph speed limit.
Evidence: Miller left the mountain at 4:00 pm. He drove to the train station, located 30 miles away and then completed the trip by train. In all, he traveled 120 miles. The average rate of the train was 20 mph faster than the average rate of the car. He arrived at his destination exactly two hours later, 6:00 pm.
Write a convincing letter to Miller’s parents that mathematically proves he was below the 45 mph speed limit.  It has been a while since his parents have taken a mathematics course.  Be sure to explain in the letter the algebra you use


	Topics in SPA #1


	Rational expressions, equations, and inequalities

	Mathematics Process Skills Addressed
in SPA #1


	1. Students will understand that a variety of problem-solving strategies can be used to investigate everyday as well as increasingly complex mathematical situations.
2. Students will understand that exploring, justifying, and synthesizing mathematical conjectures are part of systemic reasoning which is common to all content areas and a defining feature of mathematics.
3. Students will understand that actively exploring, investigating, describing, and explaining mathematical ideas promotes communication which leads to a greater comprehension of mathematical concepts.
4. Students will understand that mathematical connections will help them become aware of the usefulness of mathematics, serve to bridge the concrete and the abstract, and enable deeper understanding of important ideas.
5. Students will understand that representing ideas and connecting the representations lies at the heart of understanding mathematics.


	Mathematics Competencies Addressed in SPA #1


	1. Students will understand and compare the properties of classes of functions and perform operations and transformations on them.
2. Students will understand that a variety of patterns, relations, and functions can be used to describe, interpret, represent, and predict real world phenomena.
3. Students will understand how to use tables, graphs, and equations are ways for depicting and analyzing patterns of change in various types of data sets.
4. Students will understand how to manipulate symbolic statements by mathematical rules to produce equivalent statements and the necessity, importance, and application thereof. 


	SPA # 1     Rubric


	
	
	

	Level 4


	Level 3
	Level 2
	Level 1

	Student correctly determines the average speed.  Student writes a convincing letter and explains all algebra used clearly and coherently.  Student uses pictures, graphs, or tables to help explain or justify their solution. 

	Student correctly determines the average speed.  Student writes a convincing letter and explains nearly all algebra used for the most part clearly and coherently.  Student may use pictures, graphs, or tables to help explain or justify their solution. 

	Student determines the incorrect average speed (possibly with minor error(s)).  Student writes a letter and explains algebra used (there may be errors or omissions).  


	Student determines the incorrect average speed.  Student writes a letter and explains algebra used (there are errors or omissions).  




	ALGEBRA II


	Functions and Algebra Strand - Stem 4



	Demonstrates conceptual understanding of equality 



	Topics
	Equality; polynomial, exponential, logarithmic, rational, radical, matrix equations and  linear and quadratic inequalities; graphical interpretation of solutions; systems of equations


	Competencies
	1. Students will understand and compare the properties of classes of functions and perform operations and transformations on them.
2. Students will understand that a variety of patterns, relations, and functions can be used to describe, interpret, represent, and predict real world phenomena.
3. Students will understand how to use tables, graphs, and equations are ways for depicting and analyzing patterns of change in various types of data sets.
4. Students will understand how to manipulate symbolic statements by mathematical rules to produce equivalent statements and the necessity, importance, and application thereof.

	Knowledge/Content
	1. Factors, completes the square, uses the quadratic formula, and graphs quadratic functions to solve quadratic equations with real and complex roots.
2. Solves equations involving polynomial (both real and complex roots), rational, radical, exponential, and logarithmic expressions.  Graphs and interprets the solutions.
3. Understands extraneous solutions. 
4. Finds approximate solutions to equations by graphing each side as a function using technology. Understands that any equation in x can be interpreted as the equation f(x) = g(x) and interpret the solutions of the equation as the x-value(s) of the intersection point(s) of the graphs of y = f(x) and y = g(x).
5. Solves 2×2 and 3×3 systems of linear equations and graphically interprets the solutions. 

6. Uses matrices or determinants to solve systems of equations with or without technology.

7. Solves systems of linear and quadratic inequalities.
8. Solves systems of equations involving nonlinear expressions and graphically interprets the solutions.
9. Translates problem situations into inequalities; and solves linear and non-linear inequalities (symbolically and graphically)

	Process Skills


	1. Students will recognize that a variety of problem-solving strategies can be used to investigate everyday as well as increasingly complex mathematical situations. 

2. Students will understand that exploring, justifying, and synthesizing mathematical conjectures are part of systemic reasoning which is common to all content areas and a defining feature of mathematics. 

3. Students will understand that actively exploring, investigating, describing, and explaining mathematical ideas promotes communication which leads to a greater comprehension of mathematical concepts. 

4. Students will recognize that mathematical connections will help them become aware of the usefulness of mathematics, serve to bridge the concrete and the abstract, and enable deeper understanding of important ideas. 

5. Students will recognize that representing ideas and connecting the representations lies at the heart of understanding mathematics.




	Sample Performance Assessment (SPA) #1
	The Mathematics Society recruits new members each school year.

They give free T-shirts to the first 10 new members who pass the screening of the membership committee. One year the membership committee ordered three small, two medium and five large T-shirts for new members. T-shirts have remained the same price for the last three years. When the new members got their T-shirts, they wondered how much each size shirt cost.  When they saw the table below, presented by the finance committee during their first meeting, the new members knew they would be able to figure out how much each size of T-shirt cost:
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Suppose you are a new member of the mathematics society. How can you determine the price of an individual T-shirt using the table above? Write a brief summary of your solution and how you solved the problem. Describe other ways to solve this problem, comparing and contrasting the different techniques.

	Topics in SPA #1


	Systems of linear of equations, equality, matrix equations


	Mathematics Process Skills Addressed in SPA #1


	1. Students will understand that a variety of problem-solving strategies can be used to investigate everyday as well as increasingly complex mathematical situations.
2. Students will understand that exploring, justifying, and synthesizing mathematical conjectures are part of systemic reasoning which is common to all content areas and a defining feature of mathematics.
3. Students will understand that actively exploring, investigating, describing, and explaining mathematical ideas promotes communication which leads to a greater comprehension of mathematical concepts.
4. Students will understand that mathematical connections will help them become aware of the usefulness of mathematics, serve to bridge the concrete and the abstract, and enable deeper understanding of important ideas.
5. Students will understand that representing ideas and connecting the representations lies at the heart of understanding mathematics.



	Mathematics Competencies Addressed in SPA #1


	1. Students will understand and compare the properties of classes of functions and perform operations and transformations on them.
2. Students will understand that a variety of patterns, relations, and functions can be used to describe, interpret, represent, and predict real world phenomena.
3. Students will understand how to use tables, graphs, and equations are ways for depicting and analyzing patterns of change in various types of data sets.
4. Students will understand how to manipulate symbolic statements by mathematical rules to produce equivalent statements and the necessity, importance, and application thereof.


	SPA # 1     Rubric


	
	
	

	Level 4


	Level 3
	Level 2
	Level 1

	The student determines and summarizes more than one method (e.g. systems of equations, matrix equations) to solve the problem then compares and contrasts these techniques.  The student accurately finds and states the answer in correct form and problem context.
	The student determines and summarizes more than one method (one of the methods may be lower order thinking such as guess and check) to solve the problem then compares and contrasts these techniques.  The student accurately finds and states the answer in correct form and problem context.
	The student determines a correct solution but is not able to describe another method or is able to describe more than one method but determines and incorrect solution.  The summary of how the problem was solved may include errors or omissions. 
	The student uses the information in the situation incorrectly, or used information not given in the situation.  The student may have correctly provided only one of the three necessary pieces:  solution, multiple methods, and summary, 
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