MONTANA EDUCATIONAL CONSORTIUM

Grade 9-12 Mathematics Curriculum
Algebra II/Mathematics III
Codes for Curriculum Alignment   

Number and Quantity Content Standards

    The Real Number System--N-RN

    Quantities--N-Q

    The Complex Number System--N-CN

    Vector and Matrix Quantities--N-VM

Algebra Content Standards

    Seeing Structure in Expressions--A-SSE

    Arithmetic with Polynomials and Rational Functions    A-APR

    Creating Equations--A-CE

    Reasoning with Equations and Inequalities--A-REI

Functions

    Interpreting Functions--F-IF

    Building Functions--F-BF

    Linear, Quadratic, and Exponential Models--F-LE

    Trigonometric Functions--F-TF

Modeling

Best interpreted not as a collection of isolated topics but in relation to other standards. They are indicated by a star symbol *

Geometry Content Standards

    Congruence--G-CO

    Similarity, Right Triangles, and Trigonometry--G-SRT

    Circles--G-C

    Expressing Geometric Properties with Equations--G-GPE

    Geometric Measurement and Dimension--G-GMD

    Modeling with Geometry--G-MG

Statistics and Probability Content Standards

    Interpreting Categorical and Quantitative Data--S-ID

    Making Inferences and Justifying Conclusions--S-IC

    Conditional Probability and Rules of Probability--S-CP

    Using Probability to Make Decisions--S-MD
Introduction
Algebra II/Math II should be preceded by a one year course in Algebra/Math I and the equivalent of a one-year course in Geometry. The course is designed to meet the mathematical needs of students planning to continue a college preparatory mathematics sequence in high school as well as those students who will go directly into certain college mathematics courses. Although much of this course deals with the development of algebraic skills and concepts related to the systems of real numbers and complex numbers, many topics are introduced and/or developed that are key factors in further study of mathematics. Individual teachers may go beyond the objectives prescribed herein, if the situation permits. 

Calculators and computers should be used where feasible by the student and by the teacher. Any technology that will enhance student learning should be used if available. 

Unit 1:    Inferences and Conclusions from Data
9-12.S.ID.4 The student will use the mean and standard deviation of a data set to fit it to a normal distribution and to estimate population percentages. Recognize that there are data sets for which such a procedure is not appropriate. Use calculators, spreadsheets, and tables, and Montana American Indian data sources to estimate areas under the normal curve.
Essential Skills and Knowledge

a. The student will build and understand the use of normal curves, given standard deviation
b. The student will recognize data sets as approximately normal or not.
c. The student will estimate and analyze areas under curves using the Empirical Rule (68-95-99.7%)
Note:  Introduce normal distribution to students by relating them with other data distributions.  Describe that normal distributions may not be used for all data types. 

9-12.S.IC.1 The student will understand statistics as a process for making inferences about population parameters based on a random sample from that population. 

Essential Skills and Knowledge
a. The student will recognize various sampling methods (e.g., simple random, convenience, stratified)
b. The student will identify an appropriate sampling technique under a certain situation
c. The student will be able to express the difference between values describing a population and a sample
9-12.S.IC.2 The student will decide if a specified model is consistent with results from a given data‐generating process, e.g., using simulation. For example, a model says a spinning coin falls heads up with probability 0.5. Would a result of 5 tails in a row cause you to question the model? 

Essential Skills and Knowledge
a. The student will be able to formulate and justify theoretical and experimental probabilities accurately
b. The student will demonstrate a knowledge of the different types of sampling procedures and ability to use the appropriate process for a given situation
c. The student will develop ability to create, operate and interpret the results of simulations
d. The student will be able to explain and use the Law of Large Numbers
Note: Include comparing theoretical and empirical results to evaluate the effectiveness of a treatment. 

9-12.S.IC.3 The student will recognize the purposes of and differences among sample surveys, experiments, and observational studies; explain how randomization relates to each. 

Essential Skills and Knowledge
a. Student will understand and demonstrate management of sample surveys, experiments and observational studies
b. The student will recognize and show an understanding of the limitations of observational studies that do not allow major conclusions on treatments
c. The student will be able to differentiate between bias and unbiased data
9-12.S.IC.4 The student will use data from a sample survey to estimate a population mean or proportion; develop a margin of error through the use of simulation models for random sampling. 

Essential Skills and Knowledge

a. Students demonstrate ability to informally develop bounds as to when something importance statistically
b. Students have ability to manage simulations and precisely interpret and use the data
c. Students demonstrate how to use sample means and sample proportions to make an estimate of population values from the given data
Note: For S.IC.4 and 5, focus on the variability of results from experiments—that is, focus on statistics and the approach to handle them by not elimination of them. 

9-12.S.IC.5 The student will use data from a randomized experiment to compare two treatments; use simulations to decide if differences between parameters are significant.
Essential Skills and Knowledge
a. The student will demonstrate the ability to build and manage a randomized experiment or investigation, collect data and interpret the results
b. Students must be able to develop conclusions based on comparisons of simulation versus experimental results
c. Students must show an understanding of the importance of statistical data
9-12.S.MD.6 (+) The student will use probabilities to make fair decisions (e.g., drawing by lots, using a random number generator). 

Essential Skills and Knowledge

a. Students must demonstrate the ability to use probability to make appropriate choices
Note: Extend to more complex probability models. Include situations such as those involving quality control, or diagnostic tests that yield both false positive and false negative results. 

9-12.S.MD.7 (+) The student will analyze decisions and strategies using probability concepts (e.g., product testing, medical testing, pulling a hockey goalie at the end of a game). 

Essential Skills and Knowledge
a. Students must be able to arrange and illustrate various probability concepts to evaluate decisions
Unit 2:    Polynomials, Rational, and Radical Relationships
9-12.N.CN.8 (+) The student will use complex numbers in polynomial identities and equations. 

Essential Skills and Knowledge

a. The student will relate that a negative number can be thought of as the square of an imaginary number.
9-12.N.CN.9 (+) The student will understand the Fundamental Theorem of Algebra and use towards quadratic and higher degree polynomials. 

Essential Skills and Knowledge

a. The student will differentiate between the number of roots and the degree of the polynomial; considering multiple roots, complex roots and distinct real roots
9-12.A.SSE.1 The student will interpret expressions that represent a quantity in terms of its context. (Modeling standard) Interpret parts of an expression, such as terms, factors, and coefficients. Interpret complicated expressions by viewing one or more of their parts as a single entity. For example, interpret P(1+r)n as the product of P and a factor not depending on P. 

Essential Skills and Knowledge
a. The student will recognize experience in Algebra I with vocabulary that explicitly identifies coefficients, terms, and extend to degree, powers (positive and negative), leading coefficients, monomial… to more complicated expressions such as polynomial and rational expressions.
b. The student will demonstrate appropriate vocabulary to categorize polynomials and rational expressions.
9-12.A.SSE.2 The student will use the structure of an expression to identify ways to rewrite it. For example, see x4 – y4 as (x2)2 – (y2)2, thus recognizing it as a difference of squares that can be factored as (x2 – y2)(x2 + y2). 

Essential Skills and Knowledge

a. The student will use properties of mathematics to alter the structure of an expression.
b. The student will identify and apply an appropriate factoring technique.
c. The student will factor expressions completely over complex numbers.
9-12.A.SSE.4 The student will 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.(Modeling Standard) 

Note: Consider extending this standard to infinite geometric series in curricular implementations of this course description. 

Essential Skills and Knowledge

a. The student will differentiate between an infinite and a finite series.
b. The student will use the formula for the sum of a finite geometric series.
9-12.A.APR.1 The student will understand that polynomials form a system analogous to the integers, namely, they are closed under the operations of addition, subtraction, and multiplication; add, subtract, and multiply polynomials. 

Note: Extend to polynomials of quadratic or higher degree. 

Essential Skills and Knowledge

a. The student will relate experiences from Algebra I with linear and quadratic polynomials to polynomials of higher degree.
b. The student will recognize when polynomials are added, subtracted or multiplied that the result is another polynomial.
9-12.A.APR.2 The student will know and apply the Remainder Theorem: For a polynomial p(x) and a number a, the remainder on division by x – a is p(a), so p(a) = 0 if and only if (x – a) is a factor of p(x). 

Essential Skills and Knowledge

a. The student will identify connections between factors, roots and evaluating functions.
b. The student will use both long division and synthetic division.
c. The student will analyze the graph of a polynomial to assist in the efficiency of the process for complicated cases.
9-12.A.APR.3 The student will identify zeros of polynomials when suitable factorizations are available, and use the zeros to construct a rough graph of the function defined by the polynomial. 

Essential Skills and Knowledge

a. The student will categorize the end behavior of the graphs as dictated by the leading coefficient and whether the function is even or odd.
b. The student will analyze the graphical behavior of polynomial functions which have roots with multiplicity greater than one.
9-12.A.APR.4 The student will prove polynomial identities and use them to describe numerical relationships. For example, the polynomial identity (x2 + y2)^2 = (x2 – y2)^2 + (2xy)^2 can be used to generate Pythagorean triples. 

Essential Skills and Knowledge

a. The student will identify the process for proving identities.
b. The student will manipulate the structure in an expression as needed to prove an identity.
9-12.A.APR.5 (+) The student will know and apply the Binomial Theorem for the expansion of (x + y)^n in powers of x and y for a positive integer n, where x and y are any numbers, with coefficients determined for example by Pascal’s Triangle. 

Note: The Binomial Theorem can be proved by mathematical induction or by combinatorial argument. 

Essential Skills and Knowledge

b. The student will replicate Pascal’s triangle
9-12.A.APR.6 The student will rewrite simple rational expressions in different forms; write a(x)/b(x) in the form q(x) +  r(x) / b(x), where a(x),b(x),q(x) and r(x) are polynomials with the degree of r(x) less than the degree of b(x) , using inspection, long division, or, for the more complicated examples, a computer algebra system. 

Note:  The uses of rational expressions are limited to the use of linear expressions in the numerator and a highest degree of 2 in the denominator. 

Essential Skills and Knowledge

a. The student will apply the Remainder Theorem.
9-12.A.APR.7 (+) The student will understand that rational expressions form a system analogous to the rational numbers, closed under addition, subtraction, multiplication, and division by a nonzero rational expression; add, subtract, multiply, and divide rational expressions. 

Note: The knowledge and understanding of general division of polynomials is needed. 

Essential Skills and Knowledge

a. The student will differentiate between the algorithms for operations on rational numbers and operations on rational expressions.
9-12.A.REI.2 The student will solve simple rational and radical equations in one variable, and give examples showing how extraneous solutions may arise. 

Essential Skills and Knowledge

a. The student will identify prior experience with solving simple equations in one variable to solving equations which require new strategies and additional steps.
b. The student will distinguish between the domain of a function and extraneous solutions.
c. The student will identify extraneous solutions.
9-12.A.REI.11 The student will explain why the x‐coordinates of the points where the graphs of the equations y = f(x) and y = g(x) intersect are the solutions of the equation f(x) = g(x); find the solutions approximately, e.g., using technology to graph the functions, make tables of values, or find successive approximations. Include cases where f(x) and/or g(x) are linear, polynomial, rational, absolute value, exponential, and logarithmic functions. (Modeling Standard) 

Note: Include combinations of linear, polynomial, rational, radical, absolute value, and exponential functions. 

Essential Skills and Knowledge

a. The student will compare the experience of solving systems of equations graphically from Algebra I to solving systems that include polynomial, exponential, rational, root, absolute value and logarithmic functions.
b. The student will demonstrate equality of two functions using multiple representations.

9-12.F.IF.7a. The student will graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using technology for more complicated cases. (Modeling Standard) 
7b. Graph square root, cube root, and piecewise-defined functions, including step functions and absolute value functions.
7c. Graph exponential and logarithmic functions, showing intercepts and end behavior, and trigonometric functions, showing period, midline, and amplitude.
Essential Skills and Knowledge

a. The student will compare the experience of graphing linear, exponential and quadratic functions from Algebra I to graphing polynomial functions.
b. The student will identify key features of a function: max, min, intercepts, zeros, and end behaviors.
Unit 3:    Trigonometry of General Triangles and Trigonometric Functions

9-12.G.RST.9 (+)The student will derive the formula A = (1/2)ab sin(C) for the area of a triangle by drawing an auxiliary line from a vertex perpendicular to the opposite side. 

Essential Skills and Knowledge

a. Students must be able to construct, identify and calculate the area of the triangle given the SAS triangle
9-12.G.RST.10 (+)The student will prove the Laws of Sines and Cosines and use them to solve problems
Essential Skills and Knowledge

a. Students must be able to determine which law to use given the type of triangle and then apply the formula to calculate unknowns.
b. Students must be able identify the ambiguous case (SSA), and determine how many triangles are possible from the given sides, angles.
9-12.G.RST.11 (+)The student will understand and apply the Law of Sines and the Law of Cosines to find unknown measurements in right and non-right triangles (e.g. surveying problems, resultant forces) 

Essential Skills and Knowledge

a. Students must be able to identify situations where the Law of Sines or Cosines can be used and then employ the formulas to measure unknowns.
9-12.F.TF.1 The student will understand radian measure of an angle as the length of the arc on the unit circle subtended by the angle. 

Essential Skills and Knowledge

a. The student will show an understanding of angle measures in radians and how they may be determined by a ratio of intercepted arc to radius
b. The student will be able to distinguish and convert between degree and radian measure
9-12.F.TF.2 The student will explain how the unit circle in the coordinate plane enables the extension of trigonometric functions to all real numbers, interpreted as radian measures of angles traversed counterclockwise around the unit circle. 

Essential Skills and Knowledge

a. Student will connect knowledge of special right triangles gained in Geometry to evaluating trigonometric functions at any domain value
b. The student will express the ability to extend angles beyond [‐2π, 2π], using counterclockwise as the positive direction of rotation
9-12.F.TF.5 The student will choose trigonometric functions to model periodic phenomena with specified amplitude, frequency, and midline. (Modeling Standard) 

Essential Skills and Knowledge

a. Student will demonstrate how to connect contextual situations to the necessary trigonometric function: e.g. using sine or cosine to model cyclical behavior
Unit 4:    Mathematical Modeling
9-12.A.CED.1 The student will create equations and Inequalities in one variable and use them to solve problems from a variety of contexts, including those of Montana American Indians. Include equations arising from linear and quadratic functions, and simple rational and exponential functions. 

Essential Skills and Knowledge

a. The student will connect Algebra I material with creating linear, exponential and quadratic equations in one variable to include creating simple rational functions
b. The student will be able to justify and categorize linear, quadratic, exponential, root and simple rational relationships given the verbal, numeric and/or graphic representations
9-12.A.CED.2 The student will create equations in two or more variables to represent relationships between quantities; graph equations on coordinate axes with labels and scales.
Essential Skills and Knowledge

a. The student will be able to justify and categorize linear, quadratic exponential and simple rational relationships given multiple representations
b. The student will show the ability to recognize unknown parameters needed to build an equation that precisely models a given situation
c. The student will demonstrate how to create the graph of a function, that is being used to model relationships, which would include appropriate scales and labels in order to successfully display all characteristics of the functions
9-12.A.CED.3 The student will represent constraints by equations or inequalities, and by systems of equations and/or inequalities, and interpret solutions as viable or non‐viable options in a modeling context. For example, represent inequalities describing nutritional and cost constraints on combinations of different foods. 

Essential Skills and Knowledge

a. Student will differentiate between a mathematical solution and a contextual solution
9-12.A.CED.4 The student will rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. 

Essential Skills and Knowledge

a. Student will be able to compare and contrast the experience with rearranging formulas that were linear in nature from Algebra I to manipulating formulas that are not linear in nature
9-12.F.IF.4 The student will, 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 periodically. (Modeling standard) 

Essential Skills and Knowledge

a. Student will choose appropriate function to fit context
b. Student will have an understanding of the key features of linear, exponential, polynomial, root, absolute value, piece‐wise, simple rational, logarithmic and trigonometric functions
9-12.F.IF.5 The student will relate the domain of a function to its graph and, where applicable, to the quantitative relationship it describes. For example, if the function h(n) gives the number of person‐hours it takes to assemble n engines in a factory, then the positive integers would be an appropriate domain for the function. (Modeling standard) 

Essential Skills and Knowledge

a. Student will understand the relationship of the of the domain to each function studied
b. Student will discuss the restrictions on the domain of all functions studied based on real world context
9-12.F.IF.6 The student will 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. (Modeling Standard) 

Essential Skills and Knowledge

a. The student will be able to illustrate an understanding with linear, quadratic, polynomial, root and simple rational functions
9-12.F.IF.7a. The student will graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using technology for more complicated cases. (Modeling Standard)

7b. Graph square root, cube root, and piecewise-defined functions, including step functions and absolute value functions
7c. Graph polynomial functions, identifying zeros when suitable factorizations are available, and showing end behavior
7d. Graph rational functions, identifying zeros and asymptotes when suitable factorizations are available, and showing end behavior
Essential Skills and Knowledge
a. Student will be able to relate experience with graphing linear and quadratic functions from Algebra I to graphing square root, cube root and a variety of piece‐wise defined functions
b. The student will develop a rough graph of the parent function for each type of function
c. The student will interpret how parameters introduced into a function alter the shape of the graph of the parent function
9-12.F.IF.8 The student will write a function defined by an expression in different but equivalent forms to reveal and explain different properties of the function. 

Essential Skills and Knowledge

a. The student will relate experience with writing linear, quadratic and exponential functions in various forms from Algebra I to writing all functions in various forms
b. The student will identify functions given a varied form
9-12.F.IF.9 The student will 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. 

Essential Skills and Knowledge

a. The student will express similar characteristics of functions from various representations
9-12.F.BF.1 The student will write a function that describes a relationship between two quantities. 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. 

Essential Skills and Knowledge
a. The student will relate experience with adding, subtracting , multiplying and dividing linear, quadratic and exponential functions from Algebra I to adding, subtracting, multiplying and dividing any functions
b. Student will be able to construct create a new function that is the composition of two or more functions
Note: Develop models for more complex or sophisticated situations than in previous courses. 

9-12.F.BF.3 The student will 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. 

Essential Skills and Knowledge
a. Student will relate experience with this standard as it relates to linear, quadratic and exponential functions from Algebra I to all functions studied
b. Student will make conclusions of any adjustments that will take place in the graph of any function as a result of making an adjustment to the function’s equation
Note: 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. 

9-12.F.BF.4 The student will find inverse functions. 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. 

Essential Skills and Knowledge
a. Student will relate experience with finding the inverse of a linear function from Algebra I to finding the inverse of simple exponential, root and rational functions
b. Student will express an understanding of the connection between domain and range of a function to its inverse
c. Student will identify if a function has an inverse
9-12.F.LE.4 The student will, 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. 

Essential Skills and Knowledge

a. Student will be able to explain or express how logarithmic functions are inverses of exponential functions
b. The student will show an understanding of the properties of logarithms and exponents and a comparison between each
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. 

9-12.G.GMD.4 The student will identify the shapes of two dimensional cross-sections of three-dimensional objects, and identify three-dimensional objects generated by rotations of two-dimensional objects. 

Essential Skills and Knowledge
a. The student will understand that three dimensional objects are made of two dimensional cross sections.
b. The student will analyze shapes that have been rotated about both the x and y axis and then identify the three dimensional shape
9-12.G.MG.1 The student will use geometric shapes, their measures, and their properties to describe objects (e.g. modeling a tree trunk or a human torso as a cylinder; modeling a Montana American Indian tipi as a cone). (Modeling standard) 

Essential Skills and Knowledge

a. The student will evaluate geometric shapes based on the geometric properties.
9-12.G.MG.2 The student will apply concepts of density based on area and volume in modeling situations (e.g., persons per square mile, BTUs per cubic foot). (Modeling Standard)
Essential Skills and Knowledge

a. The student will analyze situations based on properties of density.

9-12.G.MG.3 The student will apply geometric methods to solve design problems (e.g., designing an object or structure to satisfy physical constraints or minimize cost; working with typographic grid systems based on ratios). (Modeling Standard) 

Essential Skills and Knowledge

a. The student will construct solutions from geometric properties.
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