DRAFT -Algebra II Unit 3: Modeling with Functions

	Algebra II 
Unit 3 Snap Shot

	Unit Title
	Cluster Statements
	Standards in this Unit

	Unit 3
Modeling with Functions
	· Write expressions in equivalent forms to solve problems

· Create equations that describe numbers or relationships

· Understand the concept of a function and use function notation

· Interpret functions that arise in applications in terms of a context

· Analyze functions using different representations

· Build a function that models a relationship between two quantities

· Build new functions from existing functions

· Construct and compare linear, quadratic and exponential models and solve problems

· Interpret expressions for functions in terms of the situation they model

· Summarize, represent, and interpret data on two categorical and quantitative variables
	· A.SSE.4 (major)
· A.CED.1★ (supporting)(cross-cutting)
· F.IF.3 (supporting) (cross-cutting)(fluency)
· F.IF.4 ★ (major) (cross-cutting)
· F.IF.6★ (major) (cross-cutting)
· F.IF.7e★ (supporting)
· F.IF.8b (supporting)
· F.IF.9 (supporting) (cross-cutting)
· F.BF.1a★ (major) (cross-cutting)
· F.BF.1b★ (major)
· F.BF.2★ (major)
· F.BF.3 (additional) (cross-cutting)
· F.BF.4a (additional)
· F.LE.2★ (supporting) (cross-cutting)
· F.LE.4 ★ (supporting)
· F.LE.5 (additional) (cross-cutting)
· S.ID.6a (supporting) (cross-cutting)





PARCC has designated standards as Major, Supporting or Additional Standards.  PARCC has defined Major Standards to be those which should receive greater emphasis because of the time they require to master, the depth of the ideas and/or importance in future mathematics. Supporting standards are those which support the development of the major standards.  Standards which are designated as additional are important but should receive less emphasis.





Overview
The overview is intended to provide a summary of major themes in this unit.
In this unit students synthesize and generalize what they have learned about a variety of function families. They extend their work with exponential functions to include solving exponential equations with logarithms. They explore the effects of transformations on graphs of diverse functions, including functions arising in an application, in order to abstract the general principle that transformations on a graph always have the same effect regardless of the type of the underlying function. They identify appropriate types of functions to model a situation, they adjust parameters to improve the model, and they compare models by analyzing appropriateness of fit and making judgments about the domain over which a model is a good fit. The description of modeling as “the process of choosing and using mathematics and statistics to analyze empirical situations, to understand them better, and to make decisions” is at the heart of this unit. The narrative discussion and diagram of the modeling cycle should be considered when knowledge of functions, statistics, and geometry is applied in a modeling context.
The basic modeling cycle is summarized in the diagram below. It involves (1) identifying variables in the situation and selecting those that represent essential features, (2) formulating a model by creating and selecting geometric, graphical, tabular, algebraic, or statistical representations that describe relationships between the variables, (3) analyzing and performing operations on these relationships to draw conclusions, (4) interpreting the results of the mathematics in terms of the original situation, (5) validating the conclusions by comparing them with the situation, and then either improving the model or, if it is acceptable, (6) reporting on the conclusions and the reasoning behind them. Choices, assumptions, and approximations are present throughout this cycle
 (
Modeling Cycle
)
[image: model]





Teacher Notes
The information in this component provides additional insights which will help the educator in the planning process for the unit.

· The number e needs to be defined as a part of the real number system in order for students to address F.LE.4.

Enduring Understandings
Enduring understandings go beyond discrete facts or skills. They focus on larger concepts, principles, or processes.  They are transferable and apply to new situations within or beyond the subject	.  Bolded statements represent Enduring Understandings that span many units and courses.  The statements shown in italics represent how the Enduring Understandings might apply to the content in Unit 3 of Algebra II.

· Rules of arithmetic and algebra can be used together with notions of equivalence to transform equations and inequalities.
·  Using the rules of arithmetic and algebra, equations or inequalities can be written to represent a real world situation.
· Variables and constants can be identified to represent the essential features in a given situation.
· Analyzing and performing operations on relationships leads to conclusions that can be validated in the context of the original situation.
· The manipulation of algebraic models allows for the identification key features of a given situation.


· Relationships between quantities can be represented symbolically, numerically, graphically and verbally in the exploration of real world situations. 
· A model can be formulated to by creating and selecting geometric, graphical, tabular algebraic, statistical or concrete representations that describe relationships between the variables.

· Relationships can be described and generalizations made for mathematical situations that have numbers or objects that repeat in predictable ways.
· Recognizing patterns leads to the selection of an appropriate model to represent a given a situation.

· Multiple representations may be used to model given real world relationships.

· Mathematics can be used to solve real world problems and can be used to communicate solutions to stakeholders.
· Conclusions and reasoning can be presented and supported through modeling and mathematical representation.

Essential Question(s)
A question is essential when it stimulates multi-layered inquiry, provokes deep thought and lively discussion, requires students to consider alternatives and justify their reasoning, encourages re-thinking of big ideas, makes meaningful connections with prior learning, and provides students with opportunities to apply problem-solving skills to authentic situations. Bolded statements represent Essential Questions that span many units and courses.  The statements shown in italics represent Essential Questions that are applicable specifically to the content in Unit 3 of 
Algebra II.


· When and how is mathematics used in solving real world problems?
· How can modeling be used to represent the solution set to a real world problem?

· What characteristics of problems would determine how to model the situation and develop a problem solving strategy?
· What characteristics of a real world problem inform the selection of an appropriate function to model a real world situation?
· How do the parameters of a function relate to a real world situation?

· When and why is it necessary to follow set rules/procedures/properties when manipulating numeric or algebraic expressions?
· How does the mindful manipulation of algebraic properties create equivalent forms of a model that are more useful or efficient?
· How does following set rules, procedures and properties of mathematics support the clear communication of conclusions and ideas?








Possible Student Outcomes 
The following list provides outcomes that describe the knowledge and skills that students should understand and be able to do when the unit is completed. The outcomes are often components of more broadly-worded standards and sometimes address knowledge and skills related to the standards. The lists of outcomes are not exhaustive, and the outcomes should not supplant the standards themselves.  Rather, they are designed to help teachers “drill down” from the standards and augment as necessary, providing added focus and clarity for lesson planning purposes. This list is not intended to imply any particular scope or sequence.

A.CED.1    Create equations and inequalities in one variable and use them to solve problems. Include equations arising from
                  linear and quadratic functions, and simple rational and exponential functions. ★ (supporting) (cross-cutting)

The student will:
· create and solve exponential equations in one variable which require the use of logarithms.
· create and solve simple rational equations.


A.SSE.4 Derive the formula for the sum of a finite geometric series (when the common ratio is not 1), and use the formula
                to solve problems. For example, calculate mortgage payments. ★  (major)
               Note: Consider extending this standard to infinite geometric series in curricular implementations of this course 
              description.

The student will:
· identify and define geometric series. 
· derive and apply the formula for the sum of a finite geometric series.








F.IF.3         Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the integers. 
                  For example, the Fibonacci sequence is defined recursively by f(0) = f(1) = 1, f(n+1) = f(n) + f(n-1) for n ≥ 1. 
                  (supporting/fluency) (cross-cutting)

Note: Draw connection to F.BF.2, which requires students to write arithmetic and geometric sequences. Emphasize arithmetic and geometric sequences as examples of linear and exponential functions.

The student will:
· identify arithmetic sequences given in explicit or recursive form.
· identify geometric sequences given in explicit or recursive form.
· identify the domain of a function which is representing an arithmetic or geometric sequence. 
· describe the similarities and differences between arithmetic and geometric sequences.

F.IF.4         For a function that models a relationship between two quantities, interpret key features of graphs and tables in 
                  terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship.
                  Key features include: intercepts; intervals where the function is increasing, decreasing, positive, or negative; 
                 relative maximums and minimums; symmetries; end behavior; and periodicity. ★
            (major) (cross-cutting)

The student will:
· identify, interpret and apply the meaning of the intervals over which a function is increasing or decreasing.
· identify, interpret and apply the meaning of the relative maximums and/or minimums of a function.
· describe the end behavior of the graph of a function.
· describe any symmetries displayed by the graph of a function. 
· identify, interpret and apply the period of periodic functions.
· produce a sketch of the graph of a function using the key features from a verbal description.







F.IF.6        Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a 
                 specified interval. Estimate the rate of change from a graph. ★   (major)  (cross-cutting)

The student will:
· 

calculate and interpret the average rate of change of a function using the formula  using values from a table.
· calculate and interpret the average rate of change of a function using values obtained by analyzing a graph.
· estimate and interpret the average rate of change from a graph.
· analyze, calculate and interpret the average rate of change of a non-linear function.

F.IF.7        Graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using 
                 technology for more complicated cases. ★

             e. Graph exponential and logarithmic functions, showing intercepts and end behavior, and trigonometric 
                 functions, showing period, midline, and amplitude. (supporting)

The student will:
· produce the graph and identify key features of the parent function of an exponential and/or logarithmic function by hand.
· produce the graph of an exponential function which is given in symbolic form.
· produce the graph of a logarithmic function which is given in symbolic form.

F.IF.8       Write a function defined by an expression in different but equivalent forms to reveal and explain different properties 
                 of the function.

             b. Use the properties of exponents to interpret expressions for exponential functions.  For example, identify 

                 percent rate of change in functions such as and classify them as 
                 representing exponential growth or decay. (supporting)

The student will:
· write an exponential function to represent exponential growth or decay.
· identify the percent rate of change of an exponential function.
· classify exponential functions as representing exponential growth or exponential decay.
F.IF.9       Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in 
                 tables, or by verbal descriptions). For example, given a graph of one quadratic function and an algebraic expression 
                 for another, say which has the larger maximum. (supporting) (cross-cutting)

The student will:
· write equivalent representations of functions (algebraic, graphic, tabular) interchangeably.
· compare the properties of various functions from various representations.


F.BF.1      Write a function that describes a relationship between two quantities. ★

a. Determine an explicit expression, a recursive process, or steps for calculation from a context. (major) 
(cross-cutting)

The student will:
· write an algebraic representation of a function which  models a given contextual situation.
· identify appropriate types of functions to model a situation
· adjust parameters to improve the model 
· compare models by analyzing appropriateness of fit and making judgments about the domain over which a model is a good fit


             b. Combine standard function types using arithmetic operations. For example, build a function that models the 
                 temperature of a cooling body by adding a constant function to a decaying exponential, and relate these 
                 functions to the model. (major)

The student will:
· add, subtract, multiply and divide functions to model a real world situation.
· find the composition of functions.
· explain restrictions on the domain and range in the context of a problem.




F.BF.2      Write arithmetic and geometric sequences both recursively and with an explicit formula, use them to model 
                 situations, and translate between the two forms.★( major)
Notes:
· In F.BF.2, connect arithmetic sequences to linear functions and geometric sequences to exponential functions. 
· Develop models for more complex or sophisticated situations than in previous courses.

The student will:
· identify patterns that are arithmetic or geometric.
· use notation specific to explicit and recursive formulas of sequences.
· write the explicit formula for an arithmetic sequence.
· write the recursive formula for an arithmetic sequence.
· write the explicit formula for a geometric sequence.
· write the recursive formula for a geometric sequence.
· use arithmetic sequences to model situations.
· use geometric sequences to model situations.
· translate between the recursive and explicit formulas for sequences.
· compare and contrast arithmetic sequences and geometric functions.















F.BF.3      Identify the effect on the graph of replacing f(x) by f(x) + k, k f(x), f(kx), and f(x + k) for specific values of k (both 
                 positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of 
                 the effects on the graph using technology. Include recognizing  even and odd functions from their graphs and 
                 algebraic expressions for them. (additional) (cross-cutting)

             Notes: 
· Use transformations of functions to find models as students consider increasingly more
complex situations. 
· Note the effect of multiple transformations on a single graph and the common effect of each 
                           transformation across function types. 

The student will:
· describe translations of the graph of functions in terms of horizontal and vertical shifts.
· determine the equation of the graph of a translated parent function.
· apply horizontal stretches and shrinks to function equations and graphs.
· calculate horizontal and vertical stretch or shrink factors from points on the image of a graph.
· abstract the general principle that transformations on a graph always have the same effect regardless of the type of the underlying function.
· Identify even and odd functions














F.BF.4      Find inverse functions.
             a. Solve an equation of the form f(x) = c for a simple function f that has an inverse and write an expression for 
                 the inverse. For example, f(x) = 2 x3 or f(x) = (x+1)/(x-1) for x ≠ 1. (additional)

             Note: Extend this standard to simple rational, simple radical, and simple exponential functions; connect this 
             standard to F.LE.4. i.e. use inverses to show the connection between exponential and logarithmic functions.

The student will:
· determine whether or not a function has an inverse.
· describe the restrictions on the domain and range of an inverse function.
· write the inverse of simple functions.
· define logarithmic  functions as the inverse of  exponential functions.
· sketch the graph of a function and its inverse.
· prove algebraically and/or show  graphically that two functions are inverses. 


F.LE.2      Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a 
                 description of a relationship, or two input-output pairs (include reading these from a table). (supporting)
                 (cross-cutting)
 
         The student will:
· write the algebraic representation of an exponential function given a graph of the function.
· write the algebraic representation of an exponential function given the numeric representation of the function.
· write the algebraic representation of an exponential function given a  verbal description of the function.
· write the explicit formula for a geometric sequence given a numeric pattern.
· identify appropriate types of functions to model a situation
· adjust parameters to improve the model 
· compare models by analyzing appropriateness of fit and making judgments about the domain over which a model is a good fit




F.LE.4      For exponential models, express as a logarithm the solution to a bct = d where a, c, and d are numbers and the base
                 b is 2, 10, or e; evaluate the logarithm using technology.  (supporting)

             Note: Consider extending this unit to include the relationship between properties of logarithms and properties 
             of exponents, such as the connection between the properties of exponents and the basic logarithm property 
             that log xy = log x +log y.

The student will:
· define and understand the number e.
· convert an exponential expression to logarithmic form. (limit the base of the exponential expression to base, 2,10 or e)
· convert logarithmic form to an exponential expression.  (limit the base of the exponential expression to base, 2,10 or e)
· evaluate logarithmic expressions using technology.
· use logarithms to solve exponential equations. 
· know and apply the properties of logarithms. 
· compare and contrast the properties of logarithms and properties of exponents. 


F.LE.5      Interpret the parameters in a linear or exponential function in terms of a context. (additional) (cross-cutting)

             Note: Limit exponential functions to those of the form f(x) = bx + k.

The student will:
· interpret the parameters of an exponential function from a verbal, graphical, tabular, or algebraic representation.
· identify the initial amount of a quantity whose growth or decay is modeled by an exponential function.
· identify the growth or decay factor of an exponential function.
·  identify appropriate types of functions to model a situation
· adjust parameters to improve the model 
· compare models by analyzing appropriateness of fit and making judgments about the domain over which a model is a good fit




S.ID.6 Represent data on two quantitative variables on a scatter plot, and describe how the variables are related. (additional)
           (cross-cutting)
The student will:
· create a scatter plot for a given set of data.
· determine which type of function could be used to model the data represented in a scatter plot.

a. Fit a function to the data; use functions fitted to data to solve problems in the context of the data. Use given functions 
    or choose a function suggested by the context. (supporting)

The student will:
· determine the appropriate regression model for a relationship by a set of data.





















Possible Organization/Groupings of Standards
The following charts provide one possible way of how the standards in this unit might be organized.  The following organizational charts are intended to demonstrate how standards might be grouped together to support the development of a topic.  This organization is not intended to suggest any particular scope or sequence.

	Algebra II

	Unit 3: Modeling with Functions

	Topic #1
Exponential and Logarithmic Functions

	The standards listed to the right should be used to help develop 
Topic #1.
	A.CED.1    Create equations and inequalities in one variable and use them to solve problems.
                  Include equations arising from linear and quadratic functions, and simple rational and 
                  exponential functions. (supporting) (cross-cutting)

F.IF.7        Graph functions expressed symbolically and show key features of the graph, by hand in 
                  simple cases and using technology for more complicated cases. ★

             e. Graph exponential and logarithmic functions, showing intercepts and end behavior, and 
                 trigonometric functions, showing period, midline, and amplitude. (supporting)

F.IF.8       Write a function defined by an expression in different but equivalent forms to reveal and explain 
                different properties of the function.

             b. Use the properties of exponents’ to interpret expressions for exponential functions.  
                 For example, indentify percent rate of change in functions such as 

                 and classify them as representing exponential
                 growth or decay. (supporting)







	The standards listed to the right should be used to help develop 
Topic #1.
	F.BF.4      Find inverse functions.
             a. Solve an equation of the form f(x) = c for a simple function f that has an inverse and write 
                 an expression for the inverse. For example, f(x) = 2 x3 or f(x) = (x+1)/(x-1) for x ≠ 1. (additional)

Note: Extend this standard to simple rational, simple radical, and simple exponential functions; connect this standard to F.LE.4. i.e. use inverses to show the connection between exponential and logarithmic functions.

F.LE.2      Construct linear and exponential functions, including arithmetic and geometric sequences, 
                 given a graph, a description of a relationship, or two input-output pairs (include reading these
                 from a table). (supporting) (cross-cutting)
             
F.LE.4      For exponential models, express as a logarithm the solution to a bct = d where a, c, and d 
                 are numbers and the base  b is 2, 10, or e; evaluate the logarithm using technology.  (supporting)

             Note: Consider extending this unit to include the relationship between properties of logarithms
                       and properties of exponents, such as the connection between the properties of exponents
                       and the basic logarithm property that log xy = log x +log y.

F.LE.5      Interpret the parameters in a linear or exponential function in terms of a context. (additional)
                  (cross-cutting)
             Note: Limit exponential functions to those of the form f(x) = bx + k.






	Algebra II

	Unit 3: Modeling with Functions

	Topic #2
Arithmetic and Geometric Sequences

	The standards listed to the right should be used to help develop 
Topic #2.
	
F.BF.2      Write arithmetic and geometric sequences both recursively and with an explicit formula, 
                 use them to model situations, and translate between the two forms.★( major)
Notes: In F.BF.2, connect arithmetic sequences to linear functions and geometric sequences to exponential functions. Develop models for more complex or sophisticated situations than in previous courses.F.IF.3.  Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the integers. For example, the Fibonacci sequence is defined recursively by f(0) = f(1) = 1, f(n+1) = f(n) + f(n-1) for n ≥ 1.(supporting/fluency)

Note: Draw connection to F.BF.2, which requires students to write arithmetic and geometric 
          sequences. Emphasize arithmetic and geometric sequences as examples of linear and 
          exponential functions.

F.IF.3         Recognize that sequences are functions, sometimes defined recursively, whose domain is a 
                  subset of the integers. For example, the Fibonacci sequence is defined recursively by f(0) = f(1) = 1, 
                  f(n+1) = f(n) + f(n-1) for n ≥ 1. (supporting/fluency)

Note: Draw connection to F.BF.2, which requires students to write arithmetic and geometric sequences. Emphasize arithmetic and geometric sequences as examples of linear and exponential functions.

F.LE.2      Construct linear and exponential functions, including arithmetic and geometric sequences,
                 given a graph, a description of a relationship, or two input-output pairs (include reading these 
                 from a table). (supporting) (cross-cutting)
 
    A.SSE.4   Derive the formula for the sum of a finite geometric series (when the common ratio is not 1), 
                     and use the formula to solve problems. For example, calculate mortgage payments.★ (major)


	Algebra II

	Unit 3: Modeling with Functions

	Topic #3
Synthesizing Function Families

	The standards listed to the right should be used to help develop 
Topic #3.
	A.CED.1   Create equations and inequalities in one variable and use them to solve problems. 
                  Include equations arising from linear and quadratic functions, and simple rational and 
                  exponential functions. (supporting) (cross-cutting)

F.IF.4         For a function that models a relationship between two quantities, interpret key features of 
                  graphs and tables in terms of the quantities, and sketch graphs showing key features given a 
                  verbal description of the relationship.
                  Key features include: intercepts; intervals where the function is increasing, decreasing, positive, 
                  or negative; relative maximums and minimums; symmetries; end behavior; and periodicity. ★
            (major) (cross-cutting)

F.IF.6        Calculate and interpret the average rate of change of a function (presented symbolically or as 
                 a table) over a specified interval. Estimate the rate of change from a graph. ★   
                  (major) (cross-cutting)

F.IF.7        Graph functions expressed symbolically and show key features of the graph, by hand in simple 
                 cases and using technology for more complicated cases. ★

             e. Graph exponential and logarithmic functions, showing intercepts and end behavior, and 
                 trigonometric functions, showing period, midline, and amplitude. (supporting)

F.IF.8       Write a function defined by an expression in different but equivalent forms to reveal and explain
                 different properties of the function.

a. Use the properties of exponents’ to interpret expressions for exponential functions. 

 For example, indentify percent rate of change in functions such as and classify them as representing exponential growth or decay. (supporting)



	Algebra II

	Unit 3: Modeling with Functions

	Topic #3
Synthesizing Function Families Topic #3

	The standards listed to the right should be used to help develop 
Topic #3.
	F.IF.9       Compare properties of two functions each represented in a different way (algebraically, graphically, 
                 numerically in tables, or by verbal descriptions). For example, given a graph of one quadratic 
                 function and an algebraic expression for another, say which has the larger maximum. (supporting)
                  (cross-cutting)

F.BF.1      Write a function that describes a relationship between two quantities. ★

a. Determine an explicit expression, a recursive process, or steps for calculation from a context. (major) (cross-cutting)

             b. Combine standard function types using arithmetic operations. For example, build a function
                 that models the  temperature of a cooling body by adding a constant function to a decaying
                 exponential, and relate these  functions to the model. (major)

S.ID.6        Represent data on two quantitative variables on a scatter plot, and describe how the variables 
                   are related. (additional)

a. Fit a function to the data; use functions fitted to data to solve problems in the context of the 
data. Use given functions  or choose a function suggested by the context. (supporting)
                               (cross-cutting)

F.BF.3      Identify the effect on the graph of replacing f(x) by f(x) + k, k f(x), f(kx), and f(x + k) for specific 
                 values of k (both positive and negative); find the value of k given the graphs. Experiment with cases 
                 and illustrate an explanation of the effects on the graph using technology. Include recognizing  even
                 and odd functions from their graphs and algebraic expressions for them. (additional) (cross-cutting)
       



Connections to the Standards for Mathematical Practice
This section provides examples of learning experiences for this unit that support the development of the proficiencies described in the Standards for Mathematical Practice.  These proficiencies correspond to those developed through the Literacy Standards. The statements provided offer a few examples of connections between the Standards for Mathematical Practice and the Content Standards of this unit. The list is not exhaustive and will hopefully prompt further reflection and discussion.

In this unit, educators should consider implementing learning experiences which provide opportunities for students to:

1. Make sense of problems and persevere in solving them. 
· Determine if the situation should be modeled mathematically.
· Select the type of function to model a real world situation.
· Recognize the need to pursue different means to arrive at the solutions.
· Check solutions to make sure that they make sense in the context of the problem 
· Examine multiple representations of a problem in order to make sense of the problem.
· Use technology appropriately to find characteristics of functions.

2. Reason abstractly and quantitatively.
· Identify constraints placed upon the unknowns based on the context of the problem
· Analyze a problem situation to determine if it should be modeled by a graph, a table, an algebraic expression or some other representation
· Match graphs and algebraic representations of functions based on characteristics and end behavior. 


3. Construct Viable Arguments and critique the reasoning of others.
· Justify each step in an algebraic proof
· Examine incorrect responses and provide error analysis with justification
· Use  multiple representations to justify solutions
· Use domain and range to construct arguments about which solutions are viable.


4. Model with Mathematics.
· Translate verbal phrases to algebraic expressions or equations and vice-versa.
· Graph a function and use key features of the graph to help solve problems. 
· Create linear, exponential, logarithmic models to represent real world phenomenon. 

5. Use appropriate tools strategically.
· Explore a problem numerically or graphically using a graphing calculator.
· Use technology to explore mathematical models.
· Use tools appropriately to investigate characteristics of functions.(Identify key features of a function: max, min, intercepts, zeros, symmetries, and end behaviors)


6. Attend to precision.
· Use mathematics vocabulary (coefficient; constant; distributive property etc.) properly when discussing problems.
· Demonstrate understanding of the mathematical processes required to solve a problem by carefully showing all of the steps in the solving process.
· Label final answers with appropriate units that reflect the context of the problem.
· Provide final answers with an appropriate degree of accuracy.
· Label the axes of graphs and use appropriate scales.

7. Look for and make use of structure.
· Make observations about how equations are set up to decide what are the possible ways to solve the equations or graph the equations,
· For example, recognizing that 2x = 32 can be solved by rewriting 32 as 25.
· For example, recognizing where to apply properties of logarithms such as, log xy = log x + log y.
· For example, for the function f(x) = a(x + h) + k recognize the effect of the parameters h and k on the graph of the parent function  f(x) = ax.
· Describe similarities and differences in:
· Linear functions and arithmetic sequences.
· Exponential functions and geometric sequences.


8. Look for and express regularity in reasoning.
· Use patterns and/or other observations to create general relationships in the form of an algebraic equation




Content Standards with Essential Skills and Knowledge Statements and Clarifications/Teacher Notes

The Content Standards and Essential Skills and Knowledge statements shown in this section come directly from the Algebra II framework document. Clarifications and teacher notes were added to provide additional support as needed. Educators should be cautioned against perceiving this as a checklist.  
Formatting Notes
· Red Bold- items unique to Maryland Common Core State Curriculum Frameworks
· Blue bold – words/phrases that are linked to clarifications
· Black bold underline- words within repeated standards that indicate the portion of the statement that is  emphasized at this point in the curriculum or words that draw attention to an area of focus
· Black bold- Cluster Notes-notes that pertain to all of the standards within the cluster
· Green bold – standard codes  from other courses that are referenced and  are hot linked to a full description



















	Standard
	Essential Skills and Knowledge

	Clarification/Teacher Notes

	A.CED.1 Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear and quadratic functions, and simple rational and exponential functions.
(supporting) (cross-cutting)
	· Ability to connect experience from Algebra I with creating  linear, exponential and quadratic equations in one variable to include creating simple rational functions
· Ability to distinguish between linear, quadratic, exponential, root and simple rational relationships given the verbal, numeric and/or graphic representations

	· Students need to be able to create and solve the type of exponential equations in one variable that require the use of logarithms in the solving process. 
· Exponential equations can include rational or real exponents.  Integer exponents were explored in Algebra 1.  
· In this course simple rational functions refers to rational expressions whose numerators are of degree at most one and whose denominators are of degree at most 2. 
· Students would need to be able to create and solve simple rational equations.
· Tasks should include real-world contexts.


	A.SSE.4 Derive the formula for the sum of a finite geometric series (when the common ratio is not 1), and use the formula to solve problems. For example, calculate mortgage payments. ★
(major)
Note: Consider extending this standard to infinite geometric series in curricular implementations of this course description.



	· Knowledge of the difference between an infinite and a finite series
· 
Ability to apply the formula for the sum of a finite geometric series : 







	Sum of Finite Geometric Progression
The sum in geometric progression (also called geometric series) is given by
[image: $ S = a_1 + a_1 r + a_1 r^2 + a_1 r^3 + \, \dots \, + a_1 r^{\, n - 1} \, \to \,  $]Equation (1)
Multiply both sides of Equation (1) by [image: $ r $]will have
[image: $ Sr = a_1 r + a_1 r^2 + a_1 r^3 + a_1 r^4 + \, \dots \, + a_1 r^{\, n} \, \to \,  $]Equation (2)
Subtract Equation (2) from Equation (1)
[image: $ S - Sr = a_1 - a_1 r^{\, n} $]
[image: $ (1 - r)S = a_1 (1 - r^{\, n}) $]
[image: $ S = \dfrac{a_1 (1 - r^{\, n})}{1 - r} $]

	F.IF.3 Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the integers. For example, the Fibonacci sequence is defined recursively by f(0) = f(1) = 1, f(n+1) = f(n) + f(n-1) for n ≥ 1.
(supporting/fluency) 
(cross-cutting)
Note: Draw connection to F.BF.2, which requires students to write arithmetic and geometric sequences. Emphasize arithmetic and geometric sequences as examples of linear and exponential functions.

	· See the skills and knowledge that are stated in the Standard.
	In Algebra 1, students identified arithmetic sequences as linear functions and geometric sequences as exponential functions.   

Students need to be able to identify arithmetic and geometric sequences in both explicit and recursive forms.

Students should be able to see the relationships between linear functions and arithmetic sequences.  They should recognize that the domain of an arithmetic sequence is discrete, while the domain of a linear function is continuous.

Students should be able to see the relationships between exponential functions and geometric sequences.  They should recognize that the domain of a geometric sequence is discrete, while the domain of a exponential function is continuous.


	F.IF.4 For a function that models a relationship between two quantities, interpret key features of the graph and the table in terms of the quantities, and sketch the graph showing key features given a verbal description of the relationship.

 Key features include: intercepts; intervals where the function is increasing, decreasing, positive, or negative; relative
maximums and minimums; symmetries; end behavior; and periodicity. ★
(major) (cross-cutting)

	· Ability to translate from algebraic representations to graphic or numeric representations and identify key features using the various representations

	· Functions should include the following types:  polynomial, exponential, logarithmic, and trigonometric.
· This standard connects well with F.IF.7
· Tasks should include real-world contexts.

	F.IF.6 Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a specified interval. Estimate the rate of change from a graph. ★
(major) (cross-cutting)

	· Knowledge that the rate of change of a function can be positive, negative or zero  
· Ability to identify the rate of change from multiple representations 

	· Functions should include the following types:  polynomial, exponential, logarithmic, and trigonometric.
· Tasks should include real-world contexts.

	F.IF.7 Graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using technology for more complicated cases. ★

e. Graph exponential and logarithmic functions, showing intercepts and end behavior, and trigonometric functions, showing period, midline, and amplitude.
(supporting)

	· Ability to connect experience with graphing linear and quadratic functions from Algebra I to graphing exponential and logarithmic functions
· Ability to produce a rough graph of the parent function for each type of function 
· Knowledge of how parameters introduced into a function alter the shape of the graph of the parent function

	· Connects well with standard F.IF.4

	F.IF.8 Write a function defined by an expression in different but equivalent forms to reveal and explain different properties of the function.


  b. Use the properties of exponents’ to interpret expressions for exponential functions.  For example, identify percent rate of change in functions such as and classify them as representing exponential growth or decay.
(supporting)
	· Ability to connect experience with writing  linear, quadratic and exponential  functions in various forms from Algebra I to writing all functions in various forms
· Ability to recognize functions  in various forms

	

	F.IF.9 Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in tables, or by verbal descriptions). 
(supporting) (cross-cutting)

	· Ability to recognize common attributes of functions  from various representations

	· Functions should include the following types:  polynomial, exponential, logarithmic, and trigonometric.

	F.BF.1 Write a function that describes a relationship between two quantities. ★

a. Determine an explicit expression, a recursive process, or steps for calculation from a context.
(major) (cross-cutting)
	· See the skills and knowledge that are stated in the Standard.

	· Functions should include the following types:  linear, quadratic, and exponential.
· Tasks should include real-world contexts
· This was assessed in Algebra 1 with integer domains.  

	b. Combine standard function types using arithmetic operations.  For example, build a function that models the temperature of a cooling body by adding a constant function to a decaying exponential, and relate these functions to the model.
(major)
	· Ability to add, subtract, multiply and divide functions

	

	F.BF.2 Write arithmetic and geometric sequences both recursively and with an explicit formula, use them to model situations, and translate between the two forms.★

Note: In F.BF.2, connect arithmetic sequences to linear functions and geometric sequences to exponential functions.
(major)
	· See the skills and knowledge that are stated in the Standard.

	· This connects well with standard F. IF.3.

	F.BF.3 Identify the effect on the graph of replacing f(x) by
 f(x) + k, k f(x), f(kx), and 
f(x + k) for specific values of k (both positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of the effects on the graph using technology. 

Note: Focus on vertical translations of graphs of linear and exponential functions. Relate the vertical translation of a linear function to its y-intercept.  While applying other transformations to a linear graph is appropriate at this level, it may be difficult for students to identify or distinguish between the effects of the other transformations included in this standard.
(additional) (cross-cutting)
	· See the skills and knowledge that are stated in the Standard.

	· This note from the overview provides additional insights into how this standard should be addressed in this unit of Algebra II.
“They explore the effects of transformations on graphs of diverse functions, including functions arising in an application, in order to abstract the general principle that transformations on a graph always have the same effect regardless of the type of the underlying function.”

· Functions should include the following types:  polynomial, exponential, logarithmic, and trigonometric.


	F.BF.4 Find inverse functions.

a. Solve an equation of the form f(x) = c for a simple function f that has an inverse and write an expression for the inverse.  For example, 
 Note:  Extend to simple rational, simple radical, and simple exponential functions.  
	· Ability to determine if the inverse of a function is also a function
· Ability to restrict the domain of a function in a way that will allow the inverse to represent a function
· Knowledge of the connection between the domain and range of a function and its inverse

	· This standard connects well to standard F.LE.4.

	F.LE.2 Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a description of a relationship, or two input-output pairs (include reading these from a table).

Note: In constructing linear functions draw on and consolidate previous work on finding equations for lines and linear functions (8.EE.6, 8.F).
(supporting) (cross-cutting)
	· Ability to produce an algebraic model
	· This includes solving multi-step problems and builds upon simple tasks from  Algebra 1.  

	F.LE.4      For exponential models, express as a logarithm the solution to a 
bct = d where a, c, and d are numbers and the base
b is 2, 10, or e; evaluate the logarithm using technology.  (supporting)

 Note: Consider extending this unit to include the relationship between properties of logarithms and properties 
of exponents, such as the connection between the properties of exponents and the basic logarithm property  that log xy = log x +log y.

	· Knowledge that  logarithmic functions are inverses of exponential functions
· Knowledge of the properties of logarithms and exponents and their connection to one another

	· The number e needs to be defined as a part of the real number system in order for students to address F.LE.4.
· Students need to be able to compare and contrast the properties of exponents and the properties of logarithms. 


	F.LE.5 Interpret the parameters in a linear or exponential function in terms of a context.

Note: Limit exponential functions to those of the form f(x) = bx + k.
(additional) (cross-cutting)
	· Ability to interpret the slope and y-intercept of a linear model in terms of context
· 
Ability to identify  the  initial amount present in an exponential model
· Ability to interpret the rate of increase/decrease in an exponential model

	· Tasks should include real-world contexts
· Exponential functions should include those with non-integer domains, building upon integer domains in Algebra 1.  

	S.ID.6 Represent data on two quantitative variables on a scatter plot, and describe how the variables are related.

a. Fit a function to the data; use functions fitted to data to solve problems in the context of the data. Use given functions or choose a function suggested by the context.(additional) (cross-cutting)
	· Ability to create and use regression models to represent a contextual situation


	
· Note any limitations on interpolation and extrapolation.
· Extrapolation refers to making predictions for 
y outside the range of values of the explanatory (independent )  variable using the assumed [linear] relationship
· Predictions from an equation should only be made about the population from which the sample was drawn. 
    Example: Using the relationship about the height and weight of college women should not be used to predict the weight of professional athletes. 
· The equation should only be used over the sample domain of the input variable.  Any extrapolation is questionable.  
    Example: A person’s height and weight at age 25 cannot be determined based on data from first 10 years of life. 
· Sample data can be time sensitive.  Do not expect results to hold constant over long period of times.  Example: Lifespan or number of children in a family













Vocabulary/Terminology/Concepts
The following definitions/examples are provided to help the reader decode the language used in the standard or the Essential Skills and Knowledge statements.  This list is not intended to serve as a complete list of the mathematical vocabulary that students would need in order to gain full understanding of the concepts in the unit. 
	Term
	Standard
	Definition

	arithmetic sequence
	F.LE.2  Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a 
description of a relationship, or two input-output pairs (include reading these from a table). (supporting)
(cross-cutting)
 

	An arithmetic sequence is a sequence in which there is a constant difference
between the value of consecutive terms. 

The explicit formula for the nth term of an arithmetic sequence is: 

an = d(n – 1) + a1 

 d = difference between terms
 a1 = first term in the sequence
 n = number of terms in the sequence

Example:
The sequence -7, -4, -1, 2, 5, 8, is arithmetic.  There is a difference of 3 between the terms. The initial value of the sequence is -7. Hence the value of the nth term can be written as an = 3(n – 1) – 7 or an = 3n – 10.

	average rate of change
	F.IF.6 Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a specified interval. Estimate the rate of change from a graph. ★
(major)
	
The formula for average rate of change is . 
For the purposes of F.IF.6, problems should specify the interval and a student should be able to calculate the average rate of change given the graphic or algebraic representation of a function. 


	composition of functions
	F.BF.1 Write a function that describes the relationship between two quantities. 
b. Combine standard function types using arithmetic operations. For example, build a function that models the temperature of a cooling body by adding a constant function to a decaying exponential, and relate these functions to the model. 
	The term "composition of functions" (or "composite function") refers
 to the combining of functions in a manner where the output from one function
becomes the input for the next function.  
In math terms, the range (the y-value answers) of one function becomes
the domain (the x-values) of the next function.
	The notation used for composition is:

 
and is read "f composed with g of x" or "f of g of x".




	end behavior
	F.IF.4 For a function that models a relationship between two quantities, interpret key features of graphs and tables in                   terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship.                  Key features include: intercepts; intervals where the function is increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior; and periodicity. ★ (major) (cross-cutting)

	
The behavior of the graph as the x approaches.

	even/odd functions 
	FB.F3      Identify the effect on the graph of replacing f(x) by f(x) + k, k f(x), f(kx), and f(x + k) for specific values of k (both                  positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of the effects on the graph using technology. Include recognizing even and odd functions from their graphs and algebraic expressions for them. (additional) (cross-cutting)
Notes: 
· Use transformations of functions to find models as students consider increasingly more complex situations. 
· Note the effect of multiple transformations on a single graph and the common effect of each                       transformation across function types. 

	



A function  is an even function if  for all.  The graph of an even function will have symmetry with respect to the -axis.
Examples:









A function  is an odd function if  for all.  The graph of an odd function will have symmetry with respect to the origin.
Examples:




	explicit 
formula
	F.IF.3 Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the integers.
	There are two types of formulas commonly used when working with sequences.  Formulas associated with sequences are referred to as either “explicit” or “recursive”. 

An explicit formula may be used to find any term in a sequence.

Example: The explicit formula for the nth term of an arithmetic sequence is: 





 A recursive formula uses the value of a given term in the sequence to find the next term in the sequence. 

Example: The recursive formula for the nth term of an arithmetic sequence is: 





	exponential growth/decay
	F.IF.8       Write a function defined by an expression in different but equivalent forms to reveal and explain different properties 
of the function.

b.  Use the properties of exponents to interpret expressions for exponential functions.  For example, identify 
      percent rate of change
      in functions such as
      and classify them as 
      representing  
      exponential growth 
      or decay. (supporting)
	Exponential growth/decay occurs when a quantity increases/decreases (respectively) exponentially over time.  

	Fibonacci Sequence 
	F.IF.3 Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the integers. For example, the Fibonacci sequence is defined recursively by f(0) = f(1) = 1, f(n+1) = f(n) + f(n-1) for n ≥ 1.
(supporting/fluency)
	In mathematics, the Fibonacci numbers are the numbers in the following integer sequence:
	0,1,1,2,3,5,8,13,21,34,55,89,144,…..
By definition, the first two Fibonacci numbers are 0 and 1, and each subsequent number is the sum of the previous two.


In mathematical terms, the sequence Fn of Fibonacci numbers is defined by the recursive formula  with seed values 
For standard F.IF.3 the reference is made to the Fibonacci sequence because it is a sequence that is recursively defined.  Recursively defined means that the next term in the sequence is determined by using previous terms in the sequence after being given initial seed values. 


	geometric
sequence
	F.LE.2      Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a description of a relationship, or two input-output pairs (include reading these from a table). (supporting)
(cross-cutting)
 

	A geometric sequence is any sequence in which each term is given by a multiple [image: r]of the previous one. 


The explicit formula for the  term  of a geometric sequence is:

 

= first term in the sequence

  = the common ratio

  = the number of terms in the sequence. 

Example:
 The sequence 1, 2, 4, 8, 16, 32, … is a geometric sequence with 
r = 2 and a1 = 1. This sequence can be written in the explicit form:
                                               

	initial amount
	E S & K F.LE.
· Ability to interpret the slope and y-intercept of a linear model in terms of context
· 
Ability to identify  the  initial amount present in an exponential model
· Ability to interpret the rate of increase/decrease in an exponential model

	In this context the initial amount is the amount present when the time is equal to zero.


 (
Initial amount
)




                                                            
         

 (
Initial amount
)                                                              

	inverse 
function
	F.BF.4 Find inverse functions. 
a. Solve an equation of the form f(x) = c for a simple function f that has an inverse and write and write an expression for the inverse. 
	A function and its inverse function can be described as the "DO" and the "UNDO" functions.  A function takes a starting value, performs some operation on this value, and creates an output value.  The inverse function takes the output value, performs some operation on it, and arrives back at the original function's starting value.

If functions f and g are inverse functions then.  A function composed with its inverse function yields the original starting value.  Think of them as "undoing" one another and leaving you right where you started.
Numerically an inverse is found by simply interchanging the x and y coordinates.  This newly formed inverse will be a relation, but may not necessarily be a function.  
Consider this subtle difference in terminology:
Definition:  INVERSE OF A FUNCTION:  The relation formed when the independent variable is exchanged with the dependent variable in a given relation.  (This inverse may NOT be a function.)
Definition:  INVERSE FUNCTION:  If the above mentioned inverse of a function is itself a function, it is then called an inverse function.
 


	logarithms
	F.LE.4 For exponential models, express as a logarithm the solution to a bct = d where a, c, and d are numbers and the base b is 2, 10, or e; evaluate the logarithm using technology.
	Logarithms are values of logarithmic functions. A logarithmic function is defined as




 and is the inverse of the exponential function , where and 
Logarithms  are the "opposite" of exponentials, just as subtraction is the opposite of addition and division is the opposite of multiplication. Logs "undo" exponentials. Technically speaking, logs are the inverses of exponentials.


	parameters 
	F.LE.5 Interpret the parameters in a function in terms of a context.
 (additional)
	

A constant or variable term in a function that when changed has an effect on the behavior of the graph of the function but not its general nature. For example, when the parameter  in the linear function  is changed to various numeric values the function is still linear but the graph of the various functions created will differ only in slope.
              Examples:



							
 (
parameters
) (
parameters
)
 (
parameters
)


	parent function 
	E S & K for F.IF.7e
· Ability to connect experience with graphing linear and quadratic functions from Algebra I to graphing exponential and logarithmic functions
· Ability to produce a rough graph of the parent function for each type of function 
· Knowledge of how parameters introduced into a function alter the shape of the graph of the parent function

	There is actually no such thing as a "parent function." Recently, with increased use of graphing calculators and transformation geometry, math educators have called the most basic functions [those listed on the face of the calculator and some others] parent functions. Functions which include or are derived from these functions are called related functions. 

Examples 




	percent rate of change
	F.IF.8 Write a function defined by an expression in different but equivalent forms to reveal and explain different properties of the function. 
b. Us the properties of exponents’ to interpret the expressions for exponential functions. 
	A rate of change expressed as a percent. Example: if a population grows from 50 to 55 in a year, it grows by 5/50 = 10% per year.

	periodicity/
periodic/
periodic function


	F.IF.4    For a function that models a relationship between two quantities, interpret key features of graphs and tables in 
terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship.

Key features include: intercepts; intervals where the function is increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior; and periodicity. ★
(major) (cross-cutting)
	A function is said to be periodic if it has a graph that repeats itself identically over and over as it is followed from left to right. Formally, a function f is periodic if there exists a number p such that f(x + p) = f(x) for all x.


 is an example of a periodic function. The period of the function is .


	recursive 
	F.IF.3 Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the integers.
	There are two types of formulas commonly used when working with sequences.  Formulas associated with sequences are referred to as either “explicit” or “recursive”. 

 A recursive formula uses the value of a given term in the sequence to find the next term in the sequence. 

Examples: 
 1. The recursive formula for the nth term of an arithmetic sequence is: 

 
2. The terms in the Fibonacci sequence can be defined by the recursive formula


     with seed values 


	simple rational 
	A.CED.1 Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear and quadratic functions, and simple rational and exponential functions.
(supporting)
	In this course simple rational functions refers to rational expressions whose numerators are of degree at most one and whose denominators are of degree at most 2. 










Progressions from the Common Core State Standards in Mathematics
For an in-depth discussion of overarching, “big picture” perspective on student learning of the Common Core State Standards please access the documents found at the site below. 

http://ime.math.arizona.edu/progressions/


High School Progression document on Algebra
http://commoncoretools.me/2012/12/04/draft-progressions-on-high-school-algebra-and-functions/

High School Progression document on Functions
http://commoncoretools.me/2012/12/04/draft-progressions-on-high-school-algebra-and-functions/


















Vertical Alignment 
Vertical curriculum alignment provides two pieces of information:
· A description of prior learning that should support the learning of the concepts in this unit
· A description of how the concepts studied in this unit will support the learning of other mathematical concepts.
	Previous Math Courses
	Algebra II Unit 3
	Future Mathematics 

	Concepts developed in previous mathematics course/units which serve as a foundation for the development of the “Key Concept” 
	Key Concept(s)
	Concepts that a student will study either later in Algebra II or in future mathematics courses for which this “Key Concept” will be a foundation.

	In  Units 2 and 5 of Algebra I, students have started to develop an understanding of transformations of graphs of linear, quadratic, absolute value and exponential functions

In Unit 1 of Geometry students experiment with transformations of geometric figures in the plane. 
	Transformations of graphs 
	The knowledge of the general principle of transformations will make work with functions in future courses more fluent. 

	In  Unit 1 of Algebra I, students have started to develop an understanding of patterns and sequences by studying linear functions

	Arithmetic Sequences
· Connect arithmetic sequences to linear functions. 
· Write arithmetic sequences both recursively and with an explicit formula
· Develop models for more complex or sophisticated situations than in previous courses.
	In Calculus, students will develop the concept of area under the curve from the concept of sequences.  This understanding is the basis of the integral.  

	In  Unit 5 of Algebra I, students have started to develop an understanding of patterns and sequences by studying exponential functions

	Geometric Sequences
· Connect geometric sequences to exponential functions. 
· Write geometric sequences both recursively and with an explicit formula
· Develop models for more complex or sophisticated situations than in previous courses.

	In Calculus, students will develop the concept of area under the curve from the concept of sequences.  This understanding is the basis of the integral.  

	In Unit 2 of Algebra I, students have started to develop an understanding of  exponential functions.

In Unit 1 of Algebra II, students have continued to develop an understanding of exponential functions.

	Exponential Functions
· Make connections between exponential and logarithmic functions and their graphs
	In subsequent math courses, Chemistry and Physics, students will further develop the concept of exponential functions  and their real-life applications.

	In Unit 1 of Algebra II, students have started to develop an understanding of rational functions.

	Rational Functions
· Solve Rational functions
· Identify key features of the graph of Rational Functions
· Graph Rational Functions
	In subsequent math courses and Physics, students will further develop the concept of rational functions  and their real-life applications.

	In Unit 2 of Algebra I, students have started to develop an understanding of exponential functions.

	Logarithmic Functions
· Understand the relationship between Exponential functions and Logarithmic Functions 
· Understand the relationship between the graphs of exponential and logarithmic functions
	In subsequent math courses, Chemistry and Physics, students will further develop the concept of logarithmic functions  and their real-life applications.

	In  Units 2 and 5 of Algebra I, students have started to develop an understanding of the relationship between a functions algebraic representation and its graph by studying linear, quadratic, absolute value and exponential functions.

In  Unit 1 of Algebra II, students have continued to develop an understanding of the relationship between a functions algebraic representation and its graph by studying polynomial, radical and rational functions.

	Modeling
· Given a set of data, determine which type of function best fits the data set.
· Apply the function to a real-life application.

	In subsequent math courses, students will Further develop the concept of modeling real-life data to functions.














Common Misconceptions
This list includes general misunderstandings and issues that frequently hinder student mastery of concepts regarding the content of this unit.
	Topic/Standard/Concept
	Misconception
	Strategies to Address Misconception 

	The graph of a function
	Students assume that what appears on the calculator is the correct answer.  
	Identify key features associated with each problem and adjust the window accordingly

	Arithmetic and Geometric Sequences

	Sequences are incorrectly identified
	Create a table that compares the sequences side-by- side

Graph the points

	Exponential Functions

	Growth and decay are incorrectly identified


	Focus on the base when the exponent is positive

Graph the function

	Inverse Functions/Logarithmic Functions

	Students want to identify logarithms as exponential growth or decay


	Use multiple representations ( tables, algebraic equations) in side by side presentations. 

Graph an exponential function, its logarithmic inverse, and  on the same coordinate plane  

	 
Parent Functions 

	Students are unable to identify representations of parent functions other than the graph of the parent function.
	Use repeated matching activities spiraling through the unit. 






Model Lesson Plans

The lesson plan(s) have been written with specific standards in mind.  Each model lesson plan is only a MODEL – one way the lesson could be developed.  We have NOT included any references to the timing associated with delivering this model.  Each teacher will need to make decisions related to the timing of the lesson plan based on the learning needs of students in the class. The model lesson plans are designed to generate evidence of student understanding. 
This chart indicates one or more lesson plans which have been developed for this unit.  Lesson plans are being written and posted on the Curriculum Management System as they are completed.  Please check back periodically for additional postings.

	Standards Addressed
	Title
	Description

	
	
	

	
	
	

















Lesson Seeds
The lesson seeds have been written particularly for the unit, with specific standards in mind.  The suggested activities are not intended to be prescriptive, exhaustive, or sequential; they simply demonstrate how specific content can be used to help students learn the skills described in the standards. They are designed to generate evidence of student understanding and give teachers ideas for developing their own activities. 
This chart indicates one or more lesson seeds which have been developed for this unit.  Lesson seeds are being written and posted on the Curriculum Management System as they are completed.  Please check back periodically for additional postings.

	Standards Addressed
	Title
	Description 

	
	
	


















Sample Assessment Items
The items included in this component will be aligned to the standards in the unit.
	Topic
	Standards Addressed
	Link
	Notes

	Comparing Different Types of Functions given in different 
	F.IF.9
SMP.6 (Attend to Precision)
	http://www.parcconline.org/sites/parcc/files/PARCC%20Math%20Sample%20Problems_HS-FunctionsV2.pdf

	[image: ]













Resources
This section contains links to materials that are intended to support content instruction in this unit.
	Topic
	Standards Addressed
	Link
	Notes

	Arithmetic and Geometric Sequences 
	F.BF and F.LE standards
	http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_honors_tn_90312.pdf

	This is a large document which includes many tasks that address arithmetic and geometric sequences. Some of the tasks may be more appropriate for Algebra I- review carefully to determine which are appropriate at this level.

	All Topics
	All standards
	http://www.parcconline.org/samples/mathematics/high-school-mathematics

	This is a link to the PARCC Prototype items. Check this site periodically for new items and assessment information. 

	All Topics
	All standards
	http://www.mathematicsvisionproject.org/
	This is a link to resources developed by the Mathematics Vision Project in conjunction with the Utah State Department of Education.  The resources were developed for the integrated pathway but many have application in the traditional pathway.

	All Topics
	All standards
	http://nsdl.org/commcore/math?id=HS.F

	This is a link to the NSDL Math Common Core Collection.  This collection contains digital learning objects that are related to specific Math Common Core State Standards. 

	All Topics
	All standards
	http://www.ccsstoolbox.org/

	Check this site periodically for new additions
Click on:
1. Resources for Implementation
1. PARCC Prototyping Project
1. High School Tasks
1. Name of the task

	All Topics
	All standards
	https://www.desmos.com/
	This is a link to an online graphing calculator that has many different types of applications

	All Topics
	All standards
	http://insidemathematics.org/index.php/mathematical-content-standards

	This site features classroom examples of innovative teaching methods and insights into student learning, tools for mathematics instruction that teachers can use immediately, and video tours of the ideas and materials on the site.

	All Topics
	All standards
	http://www.parcconline.org/sites/parcc/files/PARCCMCFMathematicsNovember2012V3_FINAL.pdf

	This is a link to the PARCC Model Content Frameworks.  Pages 39 through 59 of the PARCC Model Content Frameworks provide valuable information about the standards and assessments. 






PARCC Components

Assessment Limits for Standards Assessed on More Than One End-Of-Course Test: Al-G-AII Pathway
The draft table shows assessment limits for standards assessed on more than one end-of year test. (Standards that are assessed in more than one course are referred to as “cross-cutting” standards.

	CCSSM Cluster
	CCSSM Key
	CCSSM Standard
	Algebra I Assessment Limit and Clarifications
	Algebra II Assessment Limits and Clarifications

	Create equations that describe numbers or relationships
	A.CED.1
	Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear and quadratic functions, and simple rational and exponential functions. 
	Tasks are limited to linear, quadratic  or exponential equations with integer exponents.
	· Tasks are limited to exponential equations with rational or real exponents and rational functions.

· Tasks have a real world context. 

	Understand the concept of a function and use function notation
	F.IF.3
	Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the integers.  For example, the Fibonacci sequence is defined recursively by f(0) = f(1) = 1, f(n+1) = f(n) + f(n-1) for n ≥ 1.            
	This standard is part of the major work in Algebra I and will be assessed accordingly.
	· This standard is supporting in Algebra II.

· This standard should support the Major work in F.BF.2 for coherence. 


	Interpret functions that arise in applications in terms of context
	F.IF.4
	For a function that models a relationship between two quantities, interpret key features of the graph and the table in terms of the quantities, and sketch the graph showing key features given a verbal description of the relationship
	· Tasks have a real-world context.

· Tasks are limited to linear functions, quadratic functions, square root functions, cube root functions, piecewise-defined functions (including step functions absolute value functions) and exponential functions with domains in the integers.

· The functions listed here are the same as those listed in the Algebra I column for Standards F.IF.6 and F.IF.9.
	· Tasks have a real-world context.

· Tasks may involve polynomial, exponential, logarithmic, and trigonometric functions. 


· The functions listed here are the same as those listed in the Algebra II column for Standards F.IF.6 and F.IF.9.

	Interpret functions that arise in applications in terms of a context. 
	F.IF.6
	Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a specified interval. Estimate the rate of change from a graph. ★
Note: Focus on linear functions and exponential functions whose domain is a subset of the integers. Unit 5 in this course and the Algebra II course address other types of functions.
	· Tasks have a real-world context.

· Tasks are limited to linear functions, quadratic functions, square root functions, cube root functions, piecewise-defined functions (including step functions absolute value functions) and exponential functions with domains in the integers. 

· The functions listed here are the same as those listed in the Algebra I column for Standards F.IF.4 and F.IF.9. 
	· Tasks have a real-world context.

· Tasks may involve polynomial, exponential, logarithmic, and trigonometric functions. 

· The functions listed here are the same as those listed in the Algebra II column for Standards F.IF.4 and F.IF.9.

	Analyze functions using different representations
	F.IF.9
	F.IF.9 Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in tables, or by verbal descriptions). 

	· Tasks are limited to linear functions, quadratic functions, square root functions, cube root functions, piecewise-defined functions (including step functions absolute value functions) and exponential functions with domains in the integers. 

· The functions listed here are the same as those listed in the Algebra II column for Standards F.IF.4 and F.IF.6.
	· Tasks may involve polynomial, exponential, logarithmic, and trigonometric functions. 

· The functions listed here are the same as those listed in the Algebra II column for Standards F.IF.4 and F.IF.6.

	Build a function that models a relationship between two quantities
	F.BF.1a
	F.BF.1 Write a function that describes a relationship between two quantities. ★

a. Determine an explicit expression, a recursive process, or steps for calculation from a context.
	· Tasks have a real-world context.

	· Tasks have a real-world context.

· Tasks may involve linear functions, quadratic functions and exponential functions.

	Build new functions from existing functions.
	F.BF.3
	F.BF.3 Identify the effect on the graph of replacing f(x) by
 f(x) + k, k f(x), f(kx), and 
f(x + k) for specific values of k (both positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of the effects on the graph using technology. 

	i) 
Identifying the effect on the graph of replacing 
for specific values of k (both positive and negative) is limited to linear and quadratic functions.
 
ii) Experimenting with cases and illustrating an explanation of the effects on the graph using technology is limited to linear functions, quadratic functions, square root functions, cube root functions, piecewise- defined functions (including step functions and absolute value functions), and exponential functions with domains in the integers.

iii) Tasks do not involve recognizing even and odd functions
	i)  Tasks may involve polynomial, exponential, logarithmic and trigonometric functions.

ii) Tasks may involve recognizing even and odd functions.

The functions listed in note (i) are the same as those listed in the Algebra II column for F.IF.4, F.IF.6 and F.IF.9.

	Construct and compare linear, quadratic and exponential models and solve problems. 
	F.LE.2
	Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a description of a relationship, or two input-output pairs (include reading these from a table).

	· Tasks are limited to constructing linear and exponential functions in simple context (not multi-step). 
	· Tasks will include solving multi-step problems by constructing linear and exponential functions.

	Interpret expressions for functions in terms of the situation they model. 
	F.LE.5
	F.LE.5 Interpret the parameters in a linear or exponential function in terms of a context.

	· Tasks have a real-world context.

· Exponential functions are limited to those with domains in the integers.
	· Tasks have a real-world context.

· Tasks are limited to exponential functions with domains not  in the integers.

	Summarize, represent, and interpret data on two categorical and quantitative variables 

	S.ID.6a
	Represent data on two quantitative variables on a scatter plot, and describe how the variables are related. 
a) Fit a function to the data; use functions fitted to data to solve problems in the context of the data. Use given functions or choose a function suggested by the context. Emphasize linear, quadratic, 
	· Tasks have a real-world context.
 
· Exponential functions are limited to those with domains in the integers. 
	· Tasks have a real-world context. 

·  Tasks are limited to exponential functions with domains not in the integers and trigonometric functions. 









Fluency Recommendations
According to the Partnership for Assessment of Readiness for College and Careers (PARCC), the curricula should provide sufficient supports and opportunities for practice to help students gain fluency. PARCC cites the areas listed below as those areas where a student should be fluent. 

F.IF.3 Fluency in translating between recursive definitions and explicit forms is helpful when dealing with many problems involving sequences and series, with applications ranging from fitting functions to tables to problems in finance. 
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