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Building on their work with linear, quadratic, and exponential functions, students extend their 

repertoire of functions to include polynomial, rational, and radical functions. Students work 

closely with the expressions that define the functions, and continue to expand and hone their 

abilities to model situations and to solve equations, including solving quadratic equations over 

the set of complex numbers and solving exponential equations using the properties of logarithms. 

The Mathematical Practice Standards apply throughout each course and, together with the 

content standards, prescribe that students experience mathematics as a coherent, useful, and 

logical subject that makes use of their ability to make sense of problem situations.  All students 

will take a Regents examination in June. 

 

 

150 days have been accounted for in this curriculum guide.  Teachers may wish to combine 

lessons and objectives in order to allow for additional review and/or testing within a unit.  The 

remaining time should be used to review for the Regents exam. 
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Recommended Fluencies for Algebra 2 Common Core  

 Divide polynomials with remainder by inspection in simple cases. 

 See structure in expressions and use this structure to rewrite expressions (e.g., factoring, 

grouping). 

 Translate between recursive definitions and closed forms for problems involving 

sequences and series..  
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Module 1 

Polynomial, Rational, and Radical Relationships (45 days) 
In this module, students draw on analogies between polynomial arithmetic and base-ten 

computation, focusing on properties of operations, particularly the distributive property. Students 

connect the structure inherent in multi-digit whole number multiplication with multiplication of 

polynomials, and similarly connect division of polynomials with long division of integers. 

Students identify zeros of polynomials, including complex zeros of quadratic polynomials. 

Through regularity in repeated reasoning, they make connections between zeros of polynomials 

and solutions of polynomial equations. Students analyze the key features of a graph or table of a 

polynomial function and relate those features back to the two quantities in the problem that the 

function is modeling. A theme of this module is that the arithmetic of rational expressions is 

governed by the same rules as the arithmetic of rational numbers. 

 

Reason quantitatively and use units to solve problems. 

N-Q.2  Define appropriate quantities for the purpose of descriptive modeling. 

Perform arithmetic operations with complex numbers. 

N-CN.1 Know there is a complex number i such that 2 1i   , and every complex number has the 

form a bi  with a and b real. 

N-CN.2 Use the relation 2 1i    and the commutative, associative, and distributive properties to 

add, subtract, and multiply complex numbers. 

 

Use complex numbers in polynomial identities and equations. 

N-CN.7 Solve quadratic equations with real coefficients that have complex solutions. 

Interpret the structure of expressions 

A-SSE.2 Use the structure of an expression to identify ways to rewrite it. For example, see 
4 4x y  as    

2 2
2 2x y , thus recognizing it as a difference of squares that can be factored as 

  2 2 2 2x y x y  . 

 

Understand the relationship between zeros and factors of polynomials 

A-APR.2 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 ( ) 0p a   if and only if  x a  is a factor of ( )p x . 

A-APR.3 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. 

 

Use polynomial identities to solve problems 

A-APR.4 Prove polynomial identities and use them to describe numerical relationships. For 

example, the polynomial identity      
2 2 22 2 2 2 2x y x y xy    can be used to generate 

Pythagorean triples. 

 

Rewrite rational expressions 

A-APR.6 Rewrite simple rational expressions in different forms; write ( ) / ( )a x b x in the form 

( ) ( ) / ( )q x r x b x , where ( ), ( ), ( ), and ( )a x b x q x 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. 
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Understand solving equations as a process of reasoning and explain the reasoning 

A-REI.1 Explain each step in solving a simple equation as following from the equality of 

numbers asserted at the previous step, starting from the assumption that the original equation has 

a solution. Construct a viable argument to justify a solution method. 

A-REI.2 Solve simple rational and radical equations in one variable, and give examples showing 

how extraneous solutions may arise. 

 

Solve equations and inequalities in one variable 

A-REI.4  Solve quadratic equations in one variable. 

b. Solve quadratic equations by inspection (e.g., for 2 49x  ), taking square roots, completing 

the square, the quadratic formula and factoring, as appropriate to the initial form of the equation. 

Recognize when the quadratic formula gives complex solutions and write them as a bi for real 

numbers a and b. 

 

Solve systems of equations 

A-REI.6  Solve systems of linear equations exactly and approximately (e.g., with graphs), 

focusing on pairs of linear equations in two variables. 

A-REI.7  Solve a simple system consisting of a linear equation and a quadratic equation in two 

variables algebraically and graphically. For example, find the points of intersection between the 

line 3y x   and the circle 2 2 3x y  . 

 

Analyze functions using different representations 

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.★ 

c. Graph polynomial functions, identifying zeros when suitable factorizations are available, and 

showing end behavior. 

 

Translate between the geometric description and the equation for a conic section 

G-GPE.2  Derive the equation of a parabola given a focus and directrix. 

 

 

 

 

Module 2: 

Trigonometric Functions (20 days) 
Building on their previous work with functions, and on their work with trigonometric ratios and 

circles in Geometry, students extend trigonometric functions to all (or most) real numbers. To 

reinforce their understanding of these functions, students begin building fluency with the values 

of sine, cosine, and tangent at π/6, π/4, π/3, π/2, etc. Students make sense of periodic phenomena 

as they model with trigonometric functions. 

 

Extend the domain of trigonometric functions using the unit circle 

F-TF.1  Understand radian measure of an angle as the length of the arc on the unit circle 

subtended by the angle. 

F-TF.2  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. 
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Model periodic phenomena with trigonometric functions 

F-TF.5  Choose trigonometric functions to model periodic phenomena with specified amplitude, 

frequency, and midline.★ 

Prove and apply trigonometric identities 

F-TF.8  Prove the Pythagorean identity 2 2sin cos 1    and use it to find sin , cos ,  or tan  

given sin , cos ,  or tan and the quadrant of the angle. 

 

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

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. Emphasize 

linear, quadratic, and exponential models. 

 

 

Module 3: 

Functions (45 days) 
In this module 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 (with appropriate tools) the effects of 

transformations on graphs of diverse functions, including functions arising in an application. 

They notice, by looking for general methods in repeated calculations, that the transformations on 

a graph always have the same effect regardless of the type of the underlying function. These 

observations lead to students to conjecture and construct general principles about how the graph 

of a function changes after applying a function transformation to that function. Students 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 module. In particular, through repeated 

opportunities in working through the modeling cycle (see page 61 of the CCLS), students acquire 

the insight that the same mathematical or statistical structure can sometimes model seemingly 

different situations. 

 

Extend the properties of exponents to rational exponents. 

N-RN.1  Explain how the definition of the meaning of rational exponents follows from 

extending the properties of integer exponents to those values, allowing for a notation for radicals 

in terms of rational exponents. For example, we define 
1

35  to be the cube root of 5 because we 

want    11
33

3
3

5 5  to hold, so  
1

3

3

5 must equal 5. 

N-RN.2  Rewrite expressions involving radicals and rational exponents using the properties of 

exponents. 

 

Reason quantitatively and use units to solve problems. 

N-Q.2  Define appropriate quantities for the purpose of descriptive modeling. 

 

Write expressions in equivalent forms to solve problems 
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A-SSE.3  Choose and produce an equivalent form of an expression to reveal and explain 

properties of the quantity represented by the expression.★ 

c. Use the properties of exponents to transform expressions for exponential functions. For 

example the expression 1.15t  1.15t can be rewritten as  
1
12

12

1.15 1.01212
t

t  to reveal the 

approximate equivalent monthly interest rate if the annual rate is 15%. 

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.★ 

 

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.★ 

 

Represent and solve equations and inequalities graphically 

A-REI.11  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.★ 

 

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 

(0) (1) 1, ( 1) ( ) ( 1)f f f n f n f n      ,  for 1.n    

 

Interpret functions that arise in applications in terms of the context 

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.★ 

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.★ 

 

Analyze functions using different representations 

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. 

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 

        1012
1.02 , 0.97 , 1.01 , 1.2 ,

tt t t
y y y y    and classify them as representing exponential 

growth or decay. 
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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. 

 

Build a function that models a relationship between two quantities 

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.  

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. 

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.★ 

 

Build new functions from existing functions 

F-BF.3  Identify the effect on the graph of replacing ( )f x by 

( ) , ( ), ( ), and ( )f x k kf x f kx 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. 

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, 3( ) 2f x x  or 
1

( )
1

x
f x

x





 for x ≠ 1. 

 

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).★ 

F-LE.4  For exponential models, express as a logarithm the solution to abct d where a, c, and 

d are numbers and the base b is 2, 10, or e; evaluate the logarithm using technology.★ 

 

Interpret expressions for functions in terms of the situation they model 

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

 

 

 

 

Module 4: 

Inferences and Conclusions from Data (40 days) 
In this module, students see how the visual displays and summary statistics they learned in 

earlier grades relate to different types of data and to probability distributions. They identify 

different ways of collecting data— including sample surveys, experiments, and simulations—and 

the role that randomness and careful design play in the conclusions that can be drawn. Students 

create theoretical and experimental probability models following the modeling cycle (see page 

61 of CCLS). They compute and interpret probabilities from those models for compound events, 

attending to mutually exclusive events, independent events, and conditional probability. 
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Reason quantitatively and use units to solve problems. 

N-Q.2  Define appropriate quantities for the purpose of descriptive modeling.★ 

 

Summarize, represent, and interpret data on a single count or measurement variable 

S-ID.4  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 to estimate areas under the normal 

curve.★ 

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

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. Emphasize linear, 

quadratic, and exponential models. 

 

Understand and evaluate random processes underlying statistical experiments 

S-IC.1  Understand statistics as a process for making inferences about population parameters 

based on a random sample from that population.★ 

S-IC.2  Decide if a specified model is consistent with results from a given date-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?.★ 

 

Make inferences and justify conclusions from sample surveys, experiments, and 

observational studies 

S-IC.3  Recognize the purposes of and differences among sample surveys, experiments, and 

observational studies; explain how randomization relates to each. ★ 

S-IC.4  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. ★ 

S-IC.5  Use data from a randomized experiment to compare two treatments; use simulations to 

decide if differences between parameters are significant. ★ 

S-IC.6  Evaluate reports based on data. ★ 

 

Understand independence and conditional probability and use them to interpret data 

S-CP.1  Describe events as subsets of a sample space (the set of outcomes) using characteristics  

(or categories) of the outcomes, or as unions intersections, or complements of other events (―or,‖ 

―and,‖ ―not‖). ★ 

S-CP.2  Understand that two events A and B are independent if the probability of A and B 

occurring together is the product of their probabilities, and use this characterization to determine 

if they are independent. ★ 

S-CP.3  Understand the conditional probability of A given B as P(A and B)/P(B), and interpret 

independence of A and B as saying that the conditional probability of A given B is the same as 

the probability of A, and the conditional probability of B given A is the same as the probability  

of B.  ★ 

S-CP.4  Construct and interpret two-way frequency tables of data when two categories are 

associated with each object being classified. Use the two-way table as a sample space to decide if 

events are independent and to approximate conditional probabilities. For example, collect data 

from a random sample of students in your school on their favorite subject among math, science, 

and English. Estimate the probability that a randomly selected student from your school will 
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favor science given that the student is in tenth grade. Do the same for other subjects and compare 

the results.★ 

S-CP.5  Recognize and explain the concepts of conditional probability and independence in 

everyday language and everyday situations. For example, compare the chance of having lung 

cancer if you are a smoker with the chance of being a smoker if you have lung cancer.★ 

 

 

Use the rules of probability to compute probabilities of compound events in a uniform 

probability model 

S-CP.6  Find the conditional probability of A given B as the fraction of B‘s outcomes that also 

belong to A, and interpret the answer in terms of the model.★ 

S-CP.7  Apply the Addition Rule, P(A or B) = P(A) + P(B) – P(A and B), and interpret the 

answer in terms of the model.★ 

 

 

 

 

Notes: 

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________

__________________________________________________________ 
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Module 1: 

Polynomial, Rational, and Radical Relationships (45 days) 
 

Student Goals for Module 1: 
 

 Students will be able to write explicit polynomial expressions for sequences by investigating 

successive differences. 

 Students will be able to make connection between multiplication of multi-digit integers and 

multiplication of polynomials. 

 Students will use the distributive property as well as the tabular method to multiply 

polynomials. 

 Students will use the reverse tabular method to divide polynomials. 

 Students will use long division to divide polynomial expressions. 

 Students will be able to place a polynomial in standard form and use it to understand certain 

characteristics and behavior of its graph. 

 Students will work with polynomials with constant coefficients to prove polynomial 

identities. 

 Students will use identities to do arithmetic or ‗mental math‘. 

 Students will apply polynomial identities to detect prime numbers. 

 Students will understand that the sum of two square roots(or two cube roots) is not equal to 

the square root(or cube root) of their sum. 

 Students will convert expressions to simplest radical form. 

 Students will see that the product of conjugate radicals can be viewed as the difference of 

two squares. 

 Students will explore the difference of two squares identity x
2
-y

2
=(x-y)(x+y) in the context of 

finding Pythagorean Triplets. 

 Students will find solutions to polynomial equations where the polynomial expression is not 

factored into linear factors. 

 Students will construct a polynomial function that has a specified set of zeros with stated 

multiplicity. 

 Students will factor certain forms of polynomial expressions by using the structure of 

polynomials. 

 Students will master factoring in order to identify factors. 

 Students will use the factored forms of polynomials to find zeros of a function. 

 Students will use the factored forms of polynomials to sketch the components of graphs 

between zeros. 

 Students will graph polynomial functions and describe end behavior based upon the degree 

of a polynomial. 

 Students will transition between verbal, numerical, algebraic and graphical thinking in 

analyzing applied polynomial problems. 

 Students will interpret and represent relationships between two types of quantities with 

polynomial functions. 

 Students will learn how to divide polynomial and express answer when a remainder exists. 

 Students will know and apply Remainder Theorem and understand the role zeros play in the 

theorem. 

 Students will learn how to fit polynomial functions to data values and model real world 

situations. 
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 Students define rational expressions and write them in equivalent forms. 

 Students compare rational expressions by writing them in different but equivalent forms. 

 Students multiply and divide rational expressions and simplify using equivalent expressions 

 Students perform addition and subtraction of rational expressions 

 Students solve rational equations, monitoring for the creation of extraneous solutions 

 Students solve word problems using models that involve rational expressions 

 Students solve simple radical equations and understand the possibility of extraneous 

solutions.  They understand that care must be taken with the role of square roots so as to 

avoid apparent paradoxes.  Students explain and justify the steps taken in solving simple 

radical equations 

 Students develop facility in solving radical equations 

 Students solve linear systems in three variables algebraically 

 Students solve systems of linear equations in two variables and systems of a linear and a 

quadratic equation in two variables 

 Students develop facility with graphical interpretations and the meaning of their solutions on 

those graphs.  For example, they can use the distance formula to find the distance between 

the centers of 2 circles and thereby determine whether the circles intersect in 0, 1 or 2 points. 

 By completing the squares, students can convert the equation of a circle in general form to 

the center-radius form and, thus, find the radius and the center.  They can also convert the 

center-radius form to the general form by removing the parentheses and combining like 

terms. 

 Students understand how to solve and graph a system consisting of two quadratic equations 

in two variables 

 Students model the locus of points at equal distance between a point (focus) and a line 

(directrix).  They construct a parabola and understand this geometric definition of the curve.  

They use algebraic techniques to derive the analytic equation of the parabola. 

 Students learn the vertex form of the equation of a parabola and how it arises from the 

definition of a parabola 

 Students perform geometric operations, such as rotations, reflections, and translations on 

arbitrary parabolas to discover standard representation for their congruence classes.  In doing 

so, they learn that all parabolas with the same distance p between the focus and the directrix 

are congruent to the graph of y =
1

2p
x2

 

 Students apply the geometric transformation of dilation to show that all parabolas are similar. 

 Students understand the possibility that an equation-or a system of equations-has no real 

solutions.  Students identify these situations and make the appropriate geometric connections. 

 Students define a complex number in the form a+bi , where a and b are real numbers and the 

imaginary unit i satisfies 
2 1i   .  Students geometrically identify i as a multiplicand 

effecting a counterclockwise rotation of the real number line.  Students locate points 

corresponding to complex numbers in the complex plane. 

 Students understand complex numbers as a superset of the real numbers; i.e., a complex 

number a bi is real when 0b  .  Students learn that complex numbers share many similar 

properties of the real numbers:  associative, commutative, distributive, addition/subtraction, 

multiplication etc. 

 Students solve quadratic equations with real coefficients that have complex solutions.  They 

recognize when the quadratic formula gives complex solutions and write them as a+bi for 

real numbers a and b 
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 Students solve quadratic equations with real coefficients that have complex solutions.  

Students extend polynomial identities to the complex numbers 

 Students note the difference between solutions to the equation and the x-intercepts of the 

graph of said equation. 

 Students understand the fundamental theorem of algebra; that all polynomial expressions 

factor into linear terms in the realm of complex numbers.  Consequences, in particular, for 

quadratic and cubic equations are understood 

 

 
Relevant Vocabulary: 
 

 Piecewise-Linear Function 

 Numerical Symbol 

 Variable Symbol  

 Numerical Expression  

 Algebraic Expression 

 Equivalent Numerical Expressions 

 Equivalent Algebraic Expressions  

 Polynomial  

 Degree of a Monomial  

 Standard Form of a Polynomial 

Expression in One Variable  

 Degree of a Polynomial in Standard 

Form  

 Leading Term and Leading Coefficient 

of a Polynomial in Standard Form  

 Constant Term of a Polynomial in 

Standard Form  

 Solution  

 Solution Set  

 Graph of an Equation in Two Variables  

 Zero Product Property  

 

 

Reason quantitatively and use units to solve problems. 
 

N-Q.2  Define appropriate quantities for the purpose of descriptive modeling. 

Perform arithmetic operations with complex numbers. 

 

1.  The Environmental Protection Agency (EPA) is studying the    

     flow of a river in order to establish flood zones. The EPA  

     hired a surveying company to determine the flow rate of the  

     river, measured as volume of water per minute. The firm set  

     up a coordinate system and found the depths of the river at  

     five locations as shown on the graph below. After studying the  

     data, the firm decided to model the riverbed with a polynomial    

     function and divide the area  into six regions that are either  

     trapezoidal or triangular so that the overall area can be easily  

     estimated. The firm will need to approximate the depth of the  

     river at two more data points in  order to do this. 

 

     How many data points are we given? What is the lowest degree of a polynomial that passes  

     through these points? 
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N-CN.1 Know there is a complex number i such that 2 1i   , and every complex number has the 

form a bi  with a and b real. 

N-CN.2 Use the relation 2 1i    and the commutative, associative, and distributive properties to 

add, subtract, and multiply complex numbers. 

 

1.  In what quadrant does the sum of    3 4 and 7 20i i  lie? 

2.  Write 5 2yi4 3i5 2yi4 3iin a bi form, where y is a real number. 

 

3.  Express 8 6xi yi  in simplest form. 

 

 

Use complex numbers in polynomial identities and equations. 
 

N-CN.7  Solve quadratic equations with real coefficients that have complex solutions. 

Interpret the structure of expressions 

 

A-SSE.2 Use the structure of an expression to identify ways to rewrite it. For example, see 
4 4x y  as    

2 2
2 2x y , thus recognizing it as a difference of squares that can be factored as 

  2 2 2 2x y x y  . 

 

1. Distribute or use the tabular method to find the product: 

  3 22 3 2 1x x x x      

 

2.  Write a polynomial function that has a double root of 1 and a double root of 5. 

 

 

3.  Use reverse tabular method to find the quotient 

4 3 2

2

4 3 4 2

1

x x x x

x

   


  

4.  Use the long division algorithm to determine the quotient 

     and check by reverse tabular method.       

 3 2(7 8 13 2) 7 1x x x x       

 

5.  Find the product of   5 +  3    5 −  3  and then ( 5 +  3)(  5 +  3).   
     What do you notice about the results? 

 

6.  If 
5 2c b  represents the number of collisions and b represents the number of  

     bicycle riders per intersection, estimate the number of collisions at an intersection  

     that has 100 bicycle riders per week. 
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7.  Express in simplest radical form:  33 3
5 8

40
8 9
   

  

8.  Solve the equation by bringing all terms to one side of the equation and 

      factoring out the greatest common factor: 
                                       2𝑥 + 3  𝑥 − 4 =  2𝑥 + 3  𝑥 + 5  

 

Understand the relationship between zeros and factors of polynomials 
 

A-APR.2 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 ( ) 0p a   if and only if  x a  is a factor of ( )p x . 

 

1.  Is  2𝑥 + 5  a factor of  2𝑥3 + 11𝑥2 + 17𝑥 + 5?  Explain why or why not. 

2.  Consider the polynomial function 4 3 2( ) 3 6 14P x x x ax x     , where a is an unknown 

     real number. If  2x  is a factor of this polynomial, what is the value of a? 

 

 

A-APR.3 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. 

 

1.  If the roots of a quadratic equation ( )f x  are 2  and 5, and the leading coefficient is negative,  

     sketch a possible graph of ( )f x . 

 

2.  If  1x  is a factor of 3 2( ) 5 9 5P x x x x    , find all the remaining zeros. 

 

3.  Sketch the graph of a polynomial function with: 

     a)  3 real and 2 imaginary zeros 

     b)  5 real zeros 

     c)  2 imaginary zeros 

 

 

A-APR.4 Prove polynomial identities and use them to describe numerical relationships. For 

example, the polynomial identity      
2 2 22 2 2 2 2x y x y xy     can be used to generate 

Pythagorean triples. 

1.  Find the quotient of 
1

1

nx

x




 for 2,3,4n   and 8 and make a conclusion based on the pattern. 

 

2.  Show that the expression    6 9x y x y x    may be written as the difference of two squares,  

     and then factor the expression. 

 

3.  Use the identity   2 2a b a b a b     to solve the equation    
2 2

3 2 5 1x x   . 
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Rewrite rational expressions 
 

A-APR.6 Rewrite simple rational expressions in different forms; write ( ) / ( )a x b x in the form 

( ) ( ) / ( )q x r x b x , where ( ), ( ), ( ), and ( )a x b x q x 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. 

 

1.  Use mental math to find the quotient of 
2 7

3

x

x




. 

2.  Find the quotient using long division: 
4 28 12

2

x x

x

 


  

 

3.  Simplify the following expression:   

2 1
1

2 1
8

4
1

b b

b

b

 







 

4.  Express in simplest form:  
2 2 2

2 4 12 2

4 4 4 4 3

x x

x x x x


  

   
  

 

 

 

Understand solving equations as a process of reasoning and explain the reasoning 
 

A-REI.1 Explain each step in solving a simple equation as following from the equality of 

numbers asserted at the previous step, starting from the assumption that the original equation has 

a solution. Construct a viable argument to justify a solution method. 

 

 

 

 

A-REI.2 Solve simple rational and radical equations in one variable, and give examples showing 

how extraneous solutions may arise. 

 

1.  Solve for a:  
2

1 1 4

2 2 4a a a
 

  
 

 

2.  Working together, it takes Sam, Jenna and Francisco 2 hours to paint one room.  When Sam is    

     working alone, he can paint one room in 6 hours.  When Jenna works alone, she can paint one room  

     in 4 hours.  Determine how long it will take Francisco to paint one room on his own. 

 

3.  Solve for x:  3 6 4x    

4.  Solve for x:  3 5 2 1x     

5.  Solve for x:  x + x + 3 = 3 



16 
 

6.  Simplify by rationalizing the denominator:  
9

9

x

x




 

7.  Simplify by rationalizing the denominator:  
9

3

x

x




 

 

 

Solve equations and inequalities in one variable 
 

A-REI.4  Solve quadratic equations in one variable. 

b. Solve quadratic equations by inspection (e.g., for 2 49x  ), taking square roots, completing 

the square, the quadratic formula and factoring, as appropriate to the initial form of the equation. 

Recognize when the quadratic formula gives complex solutions and write them as a bi for real 

numbers a and b. 

 

1.  Solve the equation 
23 5 4x x   and express the roots in simplest a bi  form. 

 

 

 

Solve systems of equations 
 

A-REI.6  Solve systems of linear equations exactly and approximately (e.g., with graphs), 

focusing on pairs of linear equations in two variables. 

 

1.  Determine the values for x, y and z in the following system of equations: 

                                   

2 3 5

4 1

4 12

x y z

x y z

x y z

  

   

  

 

 

A-REI.7  Solve a simple system consisting of a linear equation and a quadratic equation in two 

variables algebraically and graphically. For example, find the points of intersection between the 

line 3y x   and the circle 2 2 3x y  . 

 

1.  Solve the following system of equations:  

    
2 2 26

6

x y

x y
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Analyze functions using different representations 
 

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.★ 

c. Graph polynomial functions, identifying zeros when suitable factorizations are available, and 

showing end behavior. 

 

1.  An engineer is designing a roller coaster for younger children and has tried some functions  

     to model height of the roller coaster during the first 300 yards.  She came up with the  

     following function to describe what she believes would make a fun start to the ride: 

                                                 4 3 2( ) 3 21 48 36H x x x x x       

     where ( )H x  is the height of the roller coaster (in yards) when the roller coaster is 100x      

     yards from the beginning of the ride.  Answer the following questions to help determine at  

     which distances from the beginning of the ride the roller coaster is at its lowest height. 

 

     a)  Does this function describe a roller coaster that would be fun to ride? Explain. 

     b)  Can you see any obvious x-values from the equation where the roller coaster  

           is at height zero? 

 

Translate between the geometric description and the equation for a conic section 
 

G-GPE.2  Derive the equation of a parabola given a focus and directrix. 
 

1.  Write equation of a parabola whose focus is (1, 3) and directrix is 1y  . 
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Module 2: 

Trigonometric Functions (20 days) 
 

Student goals for Module 2: 
 

 What is a periodic function? 

 What is a co-function? 

 Students will define sine and cosine as functions for degrees of rotation of the ray formed by 

the positive 𝑥-axis up to one full turn. 

 What is the unit circle? 

 Students will use special triangles to geometrically determine the values of sine and cosine 

for 30, 45, 60, and 90 degrees. 

 What are the Quadrantal angles? 

 What is a reference angle? 

 Students will determine if angles are co-terminal 

 Students will be able to evaluate the sine and cosine functions at multiples of 30 and 45. 

 ASTC 

 Students will define the tangent function 

 Students use special triangles to determine geometrically the values of the tangent function 

for 30°, 45°, and 60°. 

 Students will define the secant function and the co-functions in terms of points on the unit 

circle. They will relate these names for these functions to the geometric relationships among 

lines, angles, and right triangles in a unit circle diagram. 

 Students will use reciprocal relationships to relate the trigonometric functions and use these 

relationships to evaluate trigonometric functions for multiples of 30, 45, and 60 degrees. 

 Students will graph the sine and cosine functions and analyze the shape of these curves. 

 For the sine and cosine functions, students will sketch graphs showing key features, which 

include intercepts; intervals where the function is increasing, decreasing, positive, or 

negative; relative maxima and minima; symmetries; end behavior; and periodicity. 

 Students will explore horizontal scalings of the graphs of  sin y and  cos y . 

 Students will be able to convert from degree to radian measure 

 Students will be able to convert from radian to degree measure 

 Students will observe identities from graphs of sine and cosine basic trigonometric identities 

and relate those identities to periodicity, even and odd properties, intercepts, end behavior, 

and cosine as a horizontal translation of sine. 

 Students will rewrite a given function as a function of a positive acute angle 

 Students will formalize the periodicity, frequency, phase shift, midline, and amplitude of a 

general sinusoidal function by understanding how the parameters 𝐴, 𝜔, , and 𝑘 in the 

formula 

                         (𝑥)=𝐴sin(𝜔(𝑥−))+𝑘 

are used to transform the graph of the sine (and cosine) function, 

 Students will be able to identify the amplitude, frequency, period, phase shift, and midline of 

a function 

 Students will write the function given the graph 
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 Students will model cyclical phenomena from biological and physical science using 

trigonometric functions. 

 Students will graph the tangent function. 

 Students will use the unit circle to express the values of the tangent function for 𝜋−𝑥, 𝜋+𝑥, 

and 2𝜋−𝑥 in terms of tan(𝑥), where 𝑥 is any real number in the domain of the tangent 

function. 

 Students will prove the Pythagorean identity 
2 2sin cos 1   . 

 Students will extend trigonometric identities to the real line, with attention to domain and 

range. 

 Students will use the Pythagorean identity to find sin(𝜃), cos(𝜃), or tan(𝜃), given sin(𝜃), 

cos(𝜃), or tan(𝜃) and the quadrant of the terminal ray of the rotation. 

 Students will solve equations using trig identities. 

 Students will prove simple identities  

 Students will fit data to a trigonometric model 

 Students will recognize features of proofs of identities. 

 Students will prove some simple trigonometric identities. 

 Students will express answers in degrees/minutes/seconds 
 

 

Relevant Vocabulary: 
 

 Sine 

 Cosine 

 Tangent 

 Angle 

 Initial side 

 Terminal side 

 Standard position 

 Coterminal 

 Positive/negative 

angle 

 Radian 

 Central Angle 

 Amplitude 

 Frequency 

 Period 

 Phase shift 

 Midline 

 Periodic function 

 Unit circle 

 Cycle/cyclic 

 

 

 

Review of Right Angle Trigonometry 

1.  Explain why 
7

cos
3

A   is not a possible ratio for a right triangle. 

 

2.  In a right triangle ABC, where m∠C = 90°, which of the following 

     statements is always true? 

     (1) sin A = tan B   (3) cos A = tan B 

     (2) sin A = cos B  (4) tan A = tan B 

 

3.  If sin(3x + 2)° = cos(4x – 10)°, what is the value of x to the nearest tenth? 

     (1) 7.6  (2) 12.0  (3) 14.0  (4) 26.9 
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Extend the domain of trigonometric functions using the unit circle 
 

F-TF.1  Understand radian measure of an angle as the length of the arc on the unit circle 

subtended by the angle. 

 

1.  Rewrite  –75˚ in radian measure. 

 

2.  Rewrite 
5𝜋

3
 radians in degree measure. 

 

3.  Rewrite 2.8 radians in degree measure. 

 

4.  Find the length of the arc on a circle of radius 15 inches intercepted  

     by a central angle of  1.7 radians.   (This a review from Geometry: S r ) 

 

 

 

F-TF.2  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. 

1.  If x is a positive acute angle and
3

cos
4

x  , find the exact value of csc .x   

2.  Name two positive and two negative angles that are conterminal with 53   

 

3.  Use your knowledge of the definition of radians and the definitions of sine, cosine, and  

     tangent to place the expressions in order from least to greatest without using a calculator.  

     Explain your reasoning.  

 

     sin (1°)      sin (1)      sin (π)      sin (60°)  

 

4.  Express  sin 235  as a function of a positive acute angle 

 

5.  Expressed as a function of a positive acute angle,  cos 305   is equal to 

     (1)  cos55    

     (2)  cos55   

     (3)  sin55    

     (4)  sin55   

 

6. Find the exact value of   3(sin 120˚)(cos 120˚) 
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F-TF.8  Prove the Pythagorean identity 2 2sin cos 1    and use it to find sin , cos ,  or tan  

given sin , cos ,  or tan and the quadrant of the angle. 

 

1.  Find cot θ if csc θ = – 
5

2
 and 270° < θ < 360°. 

 

 

2.  Simplify 
cos  𝜃  csc  𝜃

cot  𝜃
. 

 

3.  Which expression can be used to form an identity with  
1

cos 2  𝜃  − 1
? 

 (1)  csc2 θ   (2)   –csc2 θ   (3) sin2 θ   (4)  –sin2 θ 

 

 

4.  Which expression is equivalent to tan θ – 
sec  𝜃

sin  𝜃
? 

 (1)   – cot θ   (2)  cot θ   (3)   tan θ – cot θ  (4)  tan θ – sec2 θ 

 

 

 

Model periodic phenomena with trigonometric functions 
 

F-TF.5  Choose trigonometric functions to model periodic phenomena with specified amplitude, 

frequency, and midline.★ 

 

 

1.  Analyze each periodic fucntion.  Identify the cycle in two different ways.   

     What is the period of the function? 

   

     a.           b. 

 

 

 

 

 

 

 

 

2.  What is the amplitude of each periodic function?  What is the equation of the midline? 

 

     a.       b. 
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3.  Suppose f is a periodic function.  The period of f is 5 and  1 2.f    

     What are    6 and 11 ?f f  Explain your reasoning. 

 

4.  Suppose g is a periodic function.  The period of g is 24,  3 67g  , and  8 70.g    

     What are      27 , 80 , 16g g g  , and  51 ?g  Explain your reasoning. 

 

5. Find the amplitude, period, phase shift, and vertical shift of  y = 3 cos 
3

4
  𝜃 −  

𝜋

4
  –1. 

 

6. The profit P for a product whose sales fluctuate with the seasons is estimated to be  

     P = 21 + 6 sin 
𝜋𝑡

52
 , where t is given in weeks and P is in thousands of dollars. Determine the 

number of weeks it would take for the profit to initially reach $25,000. 

 

 

7.   Graph y = 4 sin 2θ  for .       

 

 

8  During one cycle, a sinusoid has a minimum at (18, 44) and a maximum at (30, 68).  

     What is the amplitude of this sinusoid? 

 

(1)  6       (2)  12    (3)   22    (4)   24   (5)   48 

 

9.  An air conditioner cools a home when the outside temperature is above 25  C. 

       During the summer, you can model the outside temperature in degrees Celsius  

       using the function ( ) 24 8cos ,
12

f t t


   where t is the number of hours past midnight. 

       During what hours is the air conditioner cooling the home? 

 

 

10.  Find the amplitude, period, and phase shift(s) of the function 

                     ( ) 4cos
3

f x x
 

  
 

 

 

11.  Write a sine function with the given amplitude, period, phase shift, and vertical shift. 

           amplitude: 2 

period:    

phase shift: 
8


   

vertical shift: 3 

 

 

12.  Find the period and phase shift of  3tan
4 8

y x
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13.  Write the equation for each of the graphs shown: 

 

       a.         b. 

 

 

 

 

 

 

 

 

 

 

       c. 

 

 

 

 

 

 

 

 

 

 

 

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. Emphasize 

linear, quadratic, and exponential models. 

 

1.  The average daily temperature T (in degrees Fahrenheit) in Fairbanks, Alaska, is 

      given in the table. Time t is measured in months, with 0t  representing January 1. 

      Write a trigonometric model that gives T as a function of t. 
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Module 3: 

Functions (45 days) 
 

In this module 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 (with appropriate tools) the effects of 

transformations on graphs of diverse functions, including functions arising in an application. 

They notice, by looking for general methods in repeated calculations, that the transformations on 

a graph always have the same effect regardless of the type of the underlying function. These 

observations lead to students to conjecture and construct general principles about how the graph 

of a function changes after applying a function transformation to that function. Students 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 module. In particular, through repeated 

opportunities in working through the modeling cycle (see page 61 of the CCLS), students acquire 

the insight that the same mathematical or statistical structure can sometimes model seemingly 

different situations. 

 

Student goals for Module 3: 
 

 Students will review and practice applying the properties of exponents for integer exponents.  

 Students will model a real-world scenario involving exponential growth and decay.  

 Students will review place value and scientific notation.  

 Students will use scientific notation to compute with large numbers.  

 Students will calculate quantities that involve positive and negative rational exponents.  

 Students will rewrite expressions involving radicals and rational exponents using the 

properties of exponents.  

 Students will approximate the value of quantities that involve positive irrational exponents.  

 Students will extend the domain of the function 𝑓 𝑥 = 𝑏𝑥  for positive real numbers 𝑏 to all 

real numbers. 

 Students will discover Euler‘s number 𝑒 by numerically approaching the constant for which 

the height of water in a tank equals the rate of change of the height of the water in the tank.  

 Students will calculate the average rate of change of a function.  

 Students will solve simple exponential equations numerically.  

 Students will calculate simple logarithms using the definition.  

 Students will justify properties of logarithms using the definition and properties already  

developed.  

 Students will understand how to change logarithms from one base to another.  

 Students will calculate logarithms with any base using a calculator that computes only 

logarithms base 10 and base 𝑒.  
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 Students will justify properties of logarithms with any base.  

 Students will solve simple logarithmic equations using the definition of logarithm and 

logarithmic  

properties.  

 Students will solve logarithmic equations of the form log 𝑋 = log 𝑌  by equating𝑋 = 𝑌.  

 Students will graph the functions𝑓(𝑥) = log(𝑥), 𝑔(𝑥) = log2(𝑥), and  𝑥 = ln 𝑥  by hand 

and identify key features of the graphs of logarithmic functions.  

 Students will compare the graph of an exponential function to the graph of its corresponding  

logarithmic function.  

 Students will note the geometric relationship between the graph of an exponential function 

and the graph of its corresponding logarithmic function.  

 Students will understand that the logarithm function base 𝑏 and the exponential function base 

𝑏 are inverse functions.  

 Students will study transformations of the graphs of logarithmic functions.  

 Students will use the properties of logarithms and exponents to produce equivalent forms of 

exponential and logarithmic expressions.  In particular, they will notice that different types of 

transformations can produce the same graph due to these properties.  

 Students will understand that the change of base property allows us to write every logarithm 

function as a vertical scaling of a natural logarithm function.  

 Students will graph the natural logarithm function and understand its relationship to other 

base 𝑏 logarithm functions.  They apply transformations to sketch the graph of natural 

logarithm functions by hand.  

 Students will analyze data and real-world situations and find a function to use as a model.  

 Students will  study properties of linear, quadratic, sinusoidal, and exponential functions.  

 Students will gather experimental data and determine which type of function is best to  

model the data.  

 Students will use properties of exponents to interpret expressions for exponential functions.  

 Students will apply properties of logarithms to solve exponential equations.  

 Students will relate solutions to 𝑓 𝑥 = 𝑔(𝑥) to the intersection point(s) on the graphs of 

𝑦 = 𝑓(𝑥) and 𝑦 = 𝑔(𝑥) in the case where 𝑓 and 𝑔 are constant or exponential functions.  

 Students will use geometric sequences to model situations of exponential growth and decay.  

 Students will write geometric sequences explicitly and recursively and translate between  

the two forms.  

 Students will develop a general growth/decay rate formula in the context of compound 

interest.  

 Students will compute future values of investments with continually compounding  

interest rates.  

 Students will create exponential functions to model real-world situations.  

 Students will use logarithms to solve equations of the form 𝑓 𝑡 = 𝑎 ∙ 𝑏𝑐𝑡  for 𝑡.  

 Students will decide which type of model is appropriate by analyzing numerical or graphical 
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data, verbal descriptions, and by comparing different data   representations.  

 Students will apply knowledge of exponential and logarithmic functions and transformations 

of functions to a contextual situation.  

 Students will derive the sum of a finite geometric series formula.  

 Students will apply geometric series to real-world situations. 

 

 

 

Relevant Vocabulary and new Terminology: 

 Arithmetic Series  

 Geometric Series  

 Invertible Function  

 Logarithm  

 Series  

    

 e 

  

 

Extend the properties of exponents to rational exponents. 
 

N-RN.1  Explain how the definition of the meaning of rational exponents follows from 

extending the properties of integer exponents to those values, allowing for a notation for radicals  

in terms of rational exponents.  For example, we define 
1

35  to be the cube root of 5 because we  

want    11
33

3
3

5 5  to hold, so  
1

3

3

5 must equal 5.  (Include expressions where either base or  

exponent may contain variables.)  

 

1.  Rewrite each expression so that each term is in the form 𝑘𝑥𝑛 , where 𝑘 is a real number, 

     𝑥 is a positive real number, and 𝑛 is a rational number. 

     a.  
2 1
 
3 3x x



   

     b.  
1 5

2 22 4x x


   

     c.  

1

3

2

10

2

x

x
  

     d.  

2
1

43x



 
 
 

  

     e.  
1

22
4

2x x
x

 
 

 
 

 

2.  Simplify    
1 1

2 24 9x x
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N-RN.2  Rewrite expressions involving radicals and rational exponents using the properties of 

exponents. 

This standard will be assessed in Algebra II by ensuring that some modeling tasks require the 

student to create a quantity of interest in the situation being described. For example, in a 

situation involving periodic phenomena, the student might autonomously decide that amplitude is 

a key variable in a situation, and then choose to work with peak amplitude.     

Include expressions with variable factors, such as 3 3527 yx . 

 

1.  Simplify each expression 

     a.  3
6

27

x
       c.  

4 22        3x x x

x

 
 

     b. 3 32 43 8 27x x x      d.  
3

2

   2

4

x x

x


 

 

2.  Show that   𝑥 +  𝑦 
2
 is not equal to 𝑥1 + 𝑦1 when 𝑥 = 9 and 𝑦 = 16. 

 

3.  Use the properties of rational exponents to  

     determine the value of y for the equation: 

             

 

3 8

1
4 3

, 1yx
x x

x

    

 

 

 

 

Reason quantitatively and use units to solve problems. 
 

N-Q.A.2  Define appropriate quantities for the purpose of descriptive modeling. 

 

1.  There are 317 million people in the United States.  Compute and use log (100,000,000)  

     and log (1,000,000,000) to explain why Social Security numbers are 9 digits long. 

 

 

 

Write expressions in equivalent forms to solve problems 
 

A-SSE.B.3  Choose and produce an equivalent form of an expression to reveal and explain  

properties of the quantity represented by the expression.★ 

c.  Use the properties of exponents to transform expressions for exponential functions. For 

example the expression 1.15t  1.15t can be rewritten as  
1
12

12

1.15 1.01212
t

t  to reveal the 

approximate equivalent  monthly interest rate if the annual rate is 15%. 
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1.  Katya is a ranger in a nature reserve in Siberia, Russia, where she studies the changes in  

     the reserve's bear population size over time.  She found that the number N of bears in the    

     reserve x years since the beginning of the study can be modeled by the following function: 

        5400 0.9
x

N x    

     Let  N t  denote the number of bears in Katya's reserve after t decades.  

     Write an exact expression for  N t . 

 

2.  A study of the annual population of the red-winged blackbird in Ft. Mill, South Carolina,  

     shows the population, ( )B t , can be represented by the function  ( ) 750 1.16
t

B t   where the t    

     represents the number of years since the study began. 

 

     In terms of the monthly rate of growth, the population of red-winged blackbirds  

     can be best approximated by the function 

 

     (1)   ( ) 750 1.012
t

B t   

     (2)   
12

( ) 750 1.012
t

B t   

     (3)   
12

( ) 750 1.16
t

B t   

     (4)   12( ) 750 1.16
t

B t   

 

 

 

A-SSE.B.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.★ 

(Includes using summation notation)  

1.  The sum of a geometric series with four terms is 60, and the  

      common ratio is 𝑟 =
1

2
.  Find the first term. 

 

2.  The sum of the first four terms of a geometric series is 203, and the  

      common ratio is 0.4.  Find the first term. 

 

3.  The third term in a geometric series is 
27

2
, and the sixth term is 

729

16
.  Find the common ratio. 

 

4.  The second term in a geometric series is 10, and the seventh term is 10240.   

      Find the sum of the first six terms. 
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Create equations that describe numbers or relationships 
 

A-CED.A.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.★ 

 

1.  Samantha opened a savings account and put $8192 in it. Each year,  

     the account increases by 25%. 

     a.  Write an equation that models the situation. Use t to represent the number of years  

          since Samantha opened the account. 

     b.  How many years will it take the account to reach $31,250? 

 

2.  A youth group has a yard sale to raise money for charity.  The group earns $800 but decides  

     to put the money in the bank for a while.  Their local bank pays an interest rate of 3% per  

     year, and the group decides to put all of the interest they earn back into the account to earn  

     even more interest. The group‘s goal is to save $1,000 with the money they made from the  

     yard sale.  How many years will it take for the amount in the bank to be at least $1,000? 

 

3.  Susan has an ear infection. The doctor prescribes a course of antibiotics. Susan is told to  

     take 250 mg doses of the antibiotic regularly every 12 hours for 20 days. 
 

     Susan is curious and wants to know how much of the drug will be in her body over the course  

     of the 20 days. She does some research online and finds out that at the end of 12 hours, about  

     4% of the drug is still in the body. 

 

     a.  What quantity of the drug is in the body right after the first dose, the second dose, the third  

          dose, the fourth dose? 

     b.  When will the total amount of the antibiotic in Susan‘s body be the highest? What is that  

          amount? 

     c.  Answer Susan's original question: Describe how much of the drug will be in her body at  

          various points over the course of the 20 days. 

 

 

Represent and solve equations and inequalities graphically 
 

A-REI.D.11  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.★ 

 

1.  The population of a country is initially 2 million people and is increasing at 4% per year.  

     The country's annual food supply is initially adequate for 4 million people and is increasing 

     at a constant rate adequate for an additional 0.5 million people per year. 

 

     a.  Based on these assumptions, in approximately what year will this  

          country first experience shortages of food? 
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     b.  If the country doubled its initial food supply and maintained a constant rate of  

          increase in the supply adequate for an additional 0.5 million people per year,  

          would shortages still occur? In approximately which year? 

     c.  If the country doubled the rate at which its food supply increases, in addition to  

          doubling its initial food supply, would shortages still occur? 

 

2.  State the coordinate points that are solutions to 4 logy x   and 5 .y x    

 

3.  Find the x-coordinate of the point of intersection of 5logy x  and  
2

3y x    

     to the nearest hundredth. 

 

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  

(0) (1) 1, ( 1) ( ) ( 1)f f f n f n f n      ,  for 1.n    

This standard is Supporting Content in Algebra II. This standard should support the Major 

Content in F-BF.2 for coherence. (see standard below) 

 

 

Interpret functions that arise in applications in terms of the context 
 

F-IF.B.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.★ 

Tasks have a real-world context. In Algebra II, tasks may involve polynomial, exponential, 

logarithmic, and trigonometric functions.  

 

1. Describe each function as a transformation of the natural logarithm function 𝑓 𝑥 = ln 𝑥 . 

a. 𝑔 𝑥 = 3 ln(𝑥 + 2) 

b. 𝑔 𝑥 = −ln(1 − 𝑥) 

c. 𝑔 𝑥 = 2 + ln(𝑒2𝑥) 

d. 𝑔 𝑥 = log5(25𝑥) 

 

2.  An epidemic of influenza spreads through a city. The figure shown   

     is the graph of (w)I f , where I is the number of individuals (in  

     thousands) infected w weeks after the epidemic begins. 
 

     a.  Estimate (2)f and explain its meaning in terms of the epidemic. 

     b.  Approximately how many people were infected at the height of  

          the epidemic? When did that occur? Write your answer in the   

          form ( ) .f a b  . 
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     c.  For approximately which w is ( ) 4.5f w  ; explain what the    

          estimates mean in terms of the epidemic. 

     d.  An equation for the function used to plot the image above is  ( ) 6 1.3 .
w

f w w


   

          Use the graph to estimate the solution of the inequality  6 1.3 6.
w

w

   

           Explain what the solution means in terms of the epidemic. 

  

F-IF.B.5  

Relate the domain of a function to its graph and, where applicable, to the quantitative  

relationship it describes. For example, if the function (𝑛𝑛) gives the number of person-hours it  

takes to assemble 𝑛𝑛 engines in a factory, then the positive integers would be an appropriate  

domain for the function.★ 

 

1. The figure below shows graphs of the functions 𝑓 𝑥 = log3(𝑥), 𝑔 𝑥 = log5 𝑥  and  

 𝑥 = log11(𝑥). 

 

a. Identify which graph corresponds to which 

function.  Explain how you know. 

 

b. Sketch the graph of 𝑘 𝑥 = log7(𝑥) on the 

same axes.  

 

 

 

 

 

 

 

F-IF.B.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.★ 

Tasks have a real-world context. In Algebra II, tasks may involve polynomial, exponential, 

logarithmic, and trigonometric functions.  

 

1.  The following graph shows the number of barrels   

     of oil produced by the Glenn Pool well in   

     Oklahoma from 1910 to 1916.   
 

a. Estimate the average rate of change of the 

amount of oil produced by the well on the 

interval [1910, 1916] and explain what that 

number represents. 

b. Estimate the average rate of change of the 

amount of oil produced by the well on the 
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interval  1910, 1913  and explain what that number represents. 

c. Estimate the average rate of change of the amount of oil produced by the well on the 

interval [1913, 1916] and explain what that number represents. 

d. Compare your results for the rates of change in oil production in the first half and the 

second half of the time period in question in parts (b) and (c).  What do those numbers 

say about the production of oil from the well? 

e. Notice that the average rate of change of the amount of oil produced by the well on any 

interval starting and ending in two consecutive years is always negative.  Explain what 

that means in the context of oil production. 

 

 

Analyze functions using different representations 
 

F-IF.C.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. 
 

1. Sketch the graphs of the functions 𝑓 𝑥 = 5𝑥  and 𝑔 𝑥 = log5(𝑥) on the same sheet of 

graph paper.  Use the graphs to answer the following questions.  

a. Find the x and/or y intercept for graph?  

b. What happens to the values of the functions f(x) and g(x) as 𝑥 → ∞?  

c. What happens to the values of the functions f(x) and g(x) as 𝑥 → −∞?  

d. What are the domains of the two functions  f(x) and g(x)? 

e. What are the ranges of the two functions  f(x) and g(x)? 

 

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                          

                                               1012
1.02 , 0.97 , 1.01 , 1.2 ,

tt t t
y y y y     

and classify them as representing exponential growth or decay. 

Tasks include knowing and applying A = Pe
rt
 and 

nt

n

r
PA 








 1 . 

1.  A preserved plant is estimated to contain 1 microgram (a millionth of a gram) of Carbon 14.  

     The amount of Carbon 14 present in the preserved plant is modeled by the equation 

                                                                  
57301

( )
2

t

f t A
 

  
 

  

     where t denotes time since the death of the plant, measured in years, and A is the amount of  

     Carbon 14 present in the plant at death, measured in micrograms. 
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     a.  How much Carbon 14 was present in the living plant assuming it died 5,000 years ago? 

     b.  How much Carbon 14 was present in the living plant assuming it died 10,000 years ago? 

     c.  The half-life of Carbon 14 is the amount of time it takes for half of the Carbon 14 to decay.  

          What half-life does the expression for the function f imply for Carbon 14? 

 

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. 

 

 

Build a function that models a relationship between two quantities 
 

F-BF.A.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.  

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. 

 

1. Assume each table represents values of an exponential function of the form 𝑓 𝑡 = 𝑎(𝑏)𝑐𝑡 , 
where 𝑏 is a positive real number and 𝑎 and 𝑐 are real numbers.   

 

 

 

 

 

 

 

a.  Use the information in each table to write a formula for 𝑓 in terms of 𝑡 for parts (a)–(d). 

 

       b.  Rewrite the expressions for each function in parts (a)–(d) to determine the  

            annual growth or decay rate. 

c.  For parts (a) and (c), determine when the value of the function is double its initial amount. 

d.  For parts (b) and (d), determine when the value of the function is half its initial amount. 

 

3. A pot of tea is heated to 𝟗𝟎°𝐂.  A cup of the tea is poured into a mug and taken outside 

where the temperature is 𝟏𝟖°𝐂.  After 𝟐 minutes, the temperature of the cup of tea is 

approximately 𝟔𝟓°𝐂. 

a. Determine the value of the decay constant, 𝒌. 

b. Write a function for the temperature of the tea in the mug, T, in °𝐂, as 

a function of time, 𝒕, in minutes. 

 

 

 a. 𝑡 𝑓(𝑡)  b. 𝑡 𝑓(𝑡) 
 0 10   0 1000 
 4 50   5 750 
       

 c. 𝑡 𝑓(𝑡)  d. 𝑡 𝑓(𝑡) 
 6 25   3 50 
 8 45   6 40 
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F-BF.A.2  Write arithmetic and geometric sequences both recursively and with an explicit  

formula, use them to model situations, and translate between the two forms.★ 

 

1.  Write an explicit formula for na , the nth term of the recursively defined sequence below. 

    
 

1

1

1

n n

a x

a x a 

 


  

      

     For what value for x would 0na    when 1?n   

 
 

Build new functions from existing functions 
 

F-BF.B.3  Identify the effect on the graph of replacing ( )f x by ( ) , ( ), ( ),f x k kf 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. 
 

1. Describe each function as a transformation of the graph of a function in the form 𝑓 𝑥 =
log𝑏(𝑥).  Sketch the graph of 𝑓 and the graph of 𝑔 by hand.  Label key features such as 

intercepts, increasing or decreasing intervals, and the equation of the vertical asymptote. 

c. 𝑔 𝑥 = log2(𝑥 − 3) 

d. 𝑔 𝑥 = log2(16𝑥) 

e. 𝑔 𝑥 = log2  
8

𝑥
  

f. 𝑔 𝑥 = log2  𝑥 − 3 2  

 

2. Each function graphed below can be expressed as a transformation of the graph of 𝑓 𝑥 =
log(𝑥).  Write an algebraic function for 𝑔 and  and state the domain and range. 

          Figure 1:  Graphs of 𝒇(𝒙) = 𝒍𝒐𝒈(𝒙) and the function 𝒈                            Figure 2:  Graphs of 𝒇(𝒙) = 𝒍𝒐𝒈(𝒙) and the function 𝒉 
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F-BF.B.4.a  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, 3( ) 2f x x  or 
1

( )
1

x
f x

x





 for x ≠ 1. 

 

1.  What is the inverse function of ( ) 3 7f x x  ? 

 

2.  What is the inverse function of ( ) 4 3f x x  ? 

     

 

 

2

1

2
1

2

1

2

1

3
(1) ( )

4

3
(2) ( )

4

3
(3) ( )

4

3
(4) ( )

4

x
f x

x
f x

x
f x

x
f x


















 
  
 

  

 

3.  Let f be the function defined by ( ) 10xf x   and g be the function defined by 10( ) log ( )g x x . 

     a.  Sketch the graph of  ( ) .y f g x  Explain your reasoning. 

     b.  Sketch the graph of  ( ) .y g f x  Explain your reasoning. 

     c.  Let f and g be any two inverse functions. For which values of x does  ( ) ?f g x x  

          For which values of x does  ( ) x?g f x   

 

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

problems 
 

F-LE.A.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).★ 

In Algebra II, tasks will include solving multi-step problems by constructing linear and 

exponential functions.  

 

1.  In a video game, the player must earn enough points to pass one level and  

     progress to the next as shown in the table below. 

 

To pass this level … 
You need this many total 

points … 

1 5,000 

2 15,000 

3 35,000 

4 65,000 



36 
 

That is, the increase in the required number of points increases by 10,000 points at each 

level.  

a. What type of function models the total number of points you need to pass to level 𝑛?  

Explain how you know. 

b. Find a model that is appropriate for this situation. 

 

F-LE.A.4  For exponential models, express as a logarithm the solution to ab
ct
 = d where a, c,  

and d are numbers and the base b is 2, 10, or e; evaluate the logarithm using technology.★ 

Students learn terminology that logarithm without a base specified is base 10 and that natural 

logarithm always refers to base e. 

 

1.  Solve the equation 2 18xe  using logarithmic form. 

 

2.  A cup of hot coffee will, over time, cool down to room temperature. The principle of physics    

     governing the process is Newton's Law of Cooling. Experiments with a covered cup of coffee     

     show that the temperature (in degrees Fahrenheit) of the coffee can be modelled by the   

     following equation 

                                                       0.08( ) 110 75tf t e  . 

     Here the time t is measured in minutes after the coffee was poured into the cup. 

 

     a.  Explain, using the structure of the expression 
0.08110 75te  , why the coffee temperature  

          decreases as time elapses. 

     b.  What is the temperature of the coffee at the beginning of the experiment? 

     c.  After how many minutes is the coffee 140 degrees?  

          After how many minutes is the coffee 100 degrees? 

 

Interpret expressions for functions in terms of the situation they model 
 

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

Tasks have a real-world context. In Algebra II, tasks include exponential functions with domains 

not in the integers. ** 
 
1.  A fisherman illegally introduces some fish into a lake, and they quickly propagate. The    

     growth of the population of this new species (within a period of a few years) is modeled by    

     ( ) 5 xP x b , where x is the time in weeks following the introduction and b is a positive   

     unknown base. 

 

     a)  Exactly how many fish did the fisherman release into the lake? 

     b)  Find b if you know the lake contains 33 fish after eight weeks. Show step-by-step work. 

     c)  Instead, now suppose that ( ) 5 xP x b and 2b  .What is the weekly percent growth rate  

          in this case? What does this mean in every-day language? 
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Module 4: 

Inferences and Conclusions from Data (40 days) 

 
In this module, students see how the visual displays and summary statistics they learned in 

earlier grades relate to different types of data and to probability distributions. They identify 

different ways of collecting data— including sample surveys, experiments, and simulations—and 

the role that randomness and careful design play in the conclusions that can be drawn. Students 

create theoretical and experimental probability models following the modeling cycle (see page 

61 of CCLS). They compute and interpret probabilities from those models for compound events, 

attending to mutually exclusive events, independent events, and conditional probability. 

Student Goals for Module 4 

 Students determine the sample space for a chance experiment. 

 Given a description of a chance experiment and an event, students identify the subset of 

outcomes from the sample space corresponding to the complement of an event. 

 Given a description of a chance experiment and two events, students identify the subset 

of outcomes from the sample space corresponding to the union or intersection of two 

events. 

 Students calculate the probability of events defined in terms of unions, intersections, and 

complements for a simple chance experiment with equally likely outcomes. 

 Students calculate probabilities given a two-way table of data. 

 Students construct a hypothetical 1000 two-way table from given probability 

information and use the table to calculate the probabilities of events. 

 Students calculate conditional probabilities given a two-way data table or using a 

hypothetical 1000 two-way table. 

 Students interpret probabilities, including conditional probabilities, in context. 

 Students use two-way tables (data tables or hypothetical 1000 two-way tables) to 

determine if two events are independent. 

 Students represent events by shading appropriate regions in a Venn diagram. 

 Given a chance experiment with equally likely outcomes, students calculate counts and 

probabilities by adding or subtracting given counts or probabilities. 

 Students use the complement rule to calculate the probability of the complement of an 

event and the multiplication rule for independent events to calculate the probability of 

the intersection of two independent events. 

 Students recognize that two events 𝐴 and 𝐵 are independent if and only if 

𝑃(𝐴 and 𝐵)  =  𝑃(𝐴)𝑃(𝐵) and interpret independence of two events 𝐴 and 𝐵 as 

meaning that the conditional probability of 𝐴 given 𝐵 is equal to 𝑃(𝐴). 

 Students use the formula for conditional probability to calculate conditional probabilities 

and interpret probabilities in context. 

 Students use the addition rule to calculate the probability of a union of two events. 

 Students describe data distributions in terms of shape, center, and variability. 
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 Students use the mean and standard deviation to describe center and variability for a data 

distribution that is approximately symmetric.  

 Students draw a smooth curve that could be used as a model for a given data 

distribution. 

 Students recognize when it is reasonable and when it is not reasonable to use a normal 

curve as a model for a given data distribution. 

 Students calculate 𝑧 scores. 

 Students use technology and tables to estimate the area under a normal curve. 

 When appropriate, students select an appropriate normal distribution to serve as a model 

for a given data distribution. 

 Students distinguish between observational studies, surveys, and experiments.  

 Students explain why random selection is an important consideration in observational 

studies and surveys and why random assignment is an important consideration in 

experiments. 

 Students recognize when it is reasonable to generalize the results of an observational 

study or survey to some larger population and when it is reasonable to reach a cause-and-

effect conclusion about the relationship between two variables.  

 Students differentiate between a population and a sample.  

 Students differentiate between a population characteristic and a sample statistic.  

 Students recognize statistical questions that are answered by estimating a population 

mean or a population proportion. 

 Students understand the term ―sampling variability‖ in the context of estimating a 

population proportion. 

 Students understand that the standard deviation of the sampling distribution of the 

sample proportion offers insight into the accuracy of the sample proportion as an 

estimate of the population proportion. 

 Students use data from a random sample to estimate a population proportion. 

 Students calculate and interpret margin of error in context. 

 Students know the relationship between sample size and margin of error in the context 

of estimating a population proportion. 

 Students understand the term ―sampling variability‖ in the context of estimating a 

population mean. 

 Students understand that the standard deviation of the sampling distribution of the 

sample mean conveys information about the anticipated accuracy of the sample mean as 

an estimate of the population mean. 

 Students use data from a random sample to estimate a population mean. 

 Students know the relationship between sample size and margin of error in the context 

of estimating a population mean.  

 Students interpret margin of error from reports that appear in newspapers and other 

media. 
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 Students critique and evaluate statements in published reports that involve estimating a 

population proportion or a population mean. 

 Given a description of a statistical experiment, students identify the response variable 

and the treatments. 

 Students recognize the different purposes of random selection and of random 

assignment. 

 Students recognize the importance of random assignment in statistical experiments. 

 Students understand that when one group is randomly divided into two groups, the two 

groups‘ means will differ just by chance (a consequence of the random division). 

 Students understand that when one group is randomly divided into two groups, the 

distribution of the difference in the two groups‘ means can be described in terms of 

shape, center, and spread. 

 Given data from a statistical experiment with two treatments, students create a 

randomization distribution. 

 Students use a randomization distribution to determine if there is a significant difference 

between two treatments. 

 Students carry out a statistical experiment to compare two treatments. 

 Students critique and evaluate statements in published reports that involve determining if 

there is a significant difference between two treatments in a statistical experiment. 

 

 

Relevant Vocabulary: 

 Sample Space 

 Subset 

 Outcome 

 Complement 

 Union 

 Intersection 

 Probability 

 Conditional 

Probability 

 Two-way table 

 Independent 

 Venn Diagram 

 Variability 

 Mean 

 Standard Deviation 

 Normal curve 

 Z-score 

 Observational 

Study 

 Experiment 

 Survey 

 Population 

 Sample 

 Margin of Error 

 Distribution 

 Random 

 Significant 
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Summarize, represent, and interpret data on a single count or measurement variable 

S-ID.4  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 to estimate areas under the normal 

curve.★ 

 

Use the following information to answer questions #1 – 6:  The mean of SAT math scores for all 

students who took the last SAT was approximately normal with a mean of 550 and a standard 

deviation of 80. 

 

1.  How far above the mean is a score of a 700? 

 

2. What is the probability a randomly chosen student scored a 630 or higher? 

 

3. What percent of students who took thelast SAT scored between a 390 and 710? 

 

4. Find the z-score of a student who scored a 600. 

 

5. What is the probability a randomly selected student scored above a 600? 

 

6. What is the probability a randomly selected student scored between a 500 and 600? 

 

 

7.  Match the method of sampling with the description: 
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Understand and evaluate random processes underlying statistical experiments 
 

S-IC.1  Understand statistics as a process for making inferences about population parameters 

based on a random sample from that population.★ 

 

1.  You want to figure out what the average height of a student is in your high school.  

Which of the following would be the sample that is most representative of the population 

of students from your school? 

 

a. The basketball team 

b. A randomly selected senior class of 25 students. 

c. A randomly selected freshmen class of 30 students. 

d. Assign all the students in the high school a distinct number.  Use the random digit 

table to pick 25 students.   

 

2.  Tom Brady and the New England Patriots NFL football team were handed out a 

punishment after they were found to have deflated footballs during a game.  ESPN 

conducted a poll after the ―deflategate‖ punishment was handed out.  63% of the people 

who took the poll and 76% of ‗avid fans‘ supported the punishment.  What are two 

problems with trusting this poll to represent the entire population?    

 
 

S-IC.2  Decide if a specified model is consistent with results from a given date-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?.★ 

 

1. If you flipped a coin and got two tails in a row, would you question the fairness of the 

coin? 

 

2. If you flipped a coin and got four tails in a row, would you question the fairness of the 

coin? 

 

3. If you flipped a coin and got eight tails in a row, would you question the fairness of the 

coin? 

 

Make inferences and justify conclusions from sample surveys, experiments, and 

observational studies 
 

S-IC.3  Recognize the purposes of and differences among sample surveys, experiments, and 

observational studies; explain how randomization relates to each.★ 
 

1.  Determine if the situations below are a survey, experiment or observational study: 
 

     a.  Administrators find the average SAT score of students who take 1 or more AP classes and  

          students who do not take any AP classes. 

 

     b.  Students are asked to fill out a questionnaire to find out if they are happy with the   

          education  they are receiving. 
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     c.  Researcher have 50 subjects who have high blood pressure receive a 20 minute massage   

          every day and record their blood pressure after 3 months.  

 
2.  Suppose you are the campaign manager for your friend who is running for Senior Class President.      

     You would like to know what proportion of students would vote for her if the election were held  

     today.  The class is too big to ask everyone (314 students).  What would you do? 

      

     Comment on whether or not each of the following sampling procedures should be used.      

     Explain why or why not. 

     a.   Poll everyone in your friend‘s math class. 

     b.  Assign every student in the senior class a number from 1 to 314.   

          Then use a random number generator to select 30 students to poll. 

     c.  Ask each student that is going through the lunch line in the cafeteria who  

          they will vote for. 

 

3.  Suppose that you want to randomly select 𝟔𝟎 employees from a group of 𝟐𝟓 employees.   

     Explain how to use a random-number table or a calculator with a random-number   

     generator to choose 60 different numbers at random and include the students with these      

     numbers in the sample. 

 

 

4.  What are the identification numbers for ten students chosen at random from a   

     population of 78 students based on the following string of random digits?  Start at the left. 

  𝟐𝟕𝟖𝟏𝟔 𝟕𝟖𝟒𝟏𝟔 𝟎𝟏𝟖𝟐𝟐 𝟕𝟑𝟓𝟐𝟏 𝟑𝟕𝟕𝟒𝟏 𝟎𝟏𝟔𝟑𝟏𝟐  

                                       𝟔𝟖𝟎𝟎𝟎 𝟓𝟑𝟔𝟒𝟓 𝟓𝟔𝟔𝟒𝟒 𝟗𝟕𝟖𝟗𝟐  𝟔𝟑𝟒𝟎𝟖 𝟕𝟕𝟗𝟏𝟗   

 

 

S-IC.4  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. ★ 

 

1.  A class of 28 eleventh graders wanted to estimate the proportion of all juniors and seniors at 

their high school with part-time jobs after school.  Each eleventh grader took a random 

sample of 30 juniors and seniors and then calculated the proportion with part-time jobs.  

Following are the 28 sample proportions. 

 

0.7, 0.8, 0.57, 0.63, 0.7, 0.47, 0.67, 0.67, 0.8, 0.77, 0.4, 0.73, 0.63, 0.67, 0.6, 0.77, 0.77, 

0.77, 0.53, 0.57, 0.73, 0.7, 0.67, 0.7, 0.77, 0.57, 0.77, 0.67 

 

a.  Construct a dot plot of the sample proportions. 

b.  Describe the shape of the distribution. 

c.  Using technology, find the mean and standard deviation of the sample proportions. 
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     d.  Do you think that the proportion of all juniors and seniors at the school with  

          part-time jobs could be 0.7?  Do you think it could be 0.5?  Justify your answers 

          based on your dot plot. 

 

     e.  Suppose the eleventh graders had taken random samples of size 60.  How would the   

          distribution of sample proportions based on samples of size 60 differ from the distribution    

          for samples of size 30? 

 

2.  A student conducted a simulation of 30 coin flips.  Below is a dot plot of the sampling    

     distribution of the proportion of heads.  This sampling distribution has a mean of 0.51 and a   

     standard deviation of 0.09. 

 

       
 
 
 
      

     a.  Describe the shape of the distribution. 

    b.  Describe what would have happened to the mean and the standard deviation of the    

         sampling distribution of the sample proportions if the student had flipped a coin 50 times,   

         calculated the proportion of heads, and then repeated this process for a total of 30 times. 

  

3.  What effect does increasing the sample size have on the mean of the sampling distribution?   

 

4.   What effect does increasing the sample size have on the standard deviation of the sampling 

distribution? 

 

5.  The following intervals were plausible population proportions for a given sample.  Find the       

     margin of error in each case. 

a. from 0.35 to 0.65  

b. from 0.72 to 0.78 

c. from 0.84 to 0.95  

d. from 0.47 to 0.57 

 

6.  Decide if each of the following statements is true or false.   

     Explain your reasoning in each case. 

a. The smaller the sample size, the smaller the margin of error. 

b. If the margin of error is 0.05 and the observed proportion of red chips is 0.35, 

then the true population proportion is likely to be between 0.40 and 0.50. 
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7.  The school newspaper at a large high school reported that 120 out of 200 randomly selected 

students favor assigned parking spaces.  Compute the margin of error.  Interpret the resulting 

interval in context. 

 

8.  At the beginning of the school year, school districts implemented a new physical fitness 

     program.  A student project involves monitoring how long it takes eleventh graders to run a   

     mile.  The following data were taken mid-year. 

 

     a.  What is the estimate of the population mean time it currently takes eleventh graders to run   

          a mile based on the following data (minutes) from a random sample of ten students? 
  

6.5, 8.4, 8.1, 6.8, 8.4, 7.7, 9.1, 7.1, 9.4, 7.5 
 

     b.  The students doing the project collected 50 random samples of 10 students each and   

          calculated the sample means.  The standard deviation of their distribution of 50 sample  

          means was 0.6 min.  Based on this standard deviation, what is the margin of error for their  

           sample mean estimate?  Explain your answer. 

 

     c.  Interpret the margin of error you found in part (b) in the context of this problem. 

 

 

9.  It is well known that astronauts increase their height in space missions because of the lack of   

     gravity.  A question is whether or not we increase height here on Earth when we are put into a  

     situation where the effect of gravity is minimized.  In particular, do people grow taller when  

     confined to a bed?  A study was done in which the heights of six men were taken before and  

     after they were confined to bed for three full days.  

     a.  The before-after differences in height measurements (mm) for the six men were:  

𝟏𝟐.𝟔   𝟏𝟒.𝟒   𝟏𝟒.𝟕   𝟏𝟒.𝟓   𝟏𝟓.𝟐   𝟏𝟑.𝟓. 

          Assuming that the men in this study are representative of the population of all   

          men, what is an estimate of the population mean increase in height after three  

          full days in bed? 

 

      b.  Calculate the margin of error associated with your estimate of the population  mean from    

           part (a).  Round your answer to three decimal places. 

 

      c.  Based on your sample mean and the margin of error from parts (a) and (b), what are    

           plausible values for the population mean height increase for all men who stay in bed for   

           three full days? 
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S-IC.5  Use data from a randomized experiment to compare two treatments; use simulations to 

decide if differences between parameters are significant. ★ 

 

1.  In one high school, there are eight math classes during 2
nd

 period.   

     The number of students in each 2
nd

 period math class is recorded below. 

32 27 26 23 25 22 30 19 

     This data set is randomly divided into two equal size groups, and the group means  

     are computed.   

             a.   Will the two groups means be the same?  Why or why not? 

The random division into two groups process is repeated many times to create a distribution of 

group mean class size. 

b.  What is the center of the distribution of group mean class size? 

             c.   What is the largest possible range of the distribution of group mean class size? 

 

 

2.   Six ping-pong balls are labeled as follows: 0, 3, 6, 9, 12, 18.  Three ping-pong balls will be 

randomly assigned to Group A; the rest will be assigned to Group B.  ―Diff‖ = 𝑥 𝐴 − 𝑥 𝐵. 

 

a.  Calculate "Diff," the difference between the mean of the numbers on the balls    

assigned to Group A and the mean of the numbers on the balls assigned to 

Group B (i.e., 𝒙 𝑨 − 𝒙 𝑩), when the 3 ping-pong balls selected for Group A are 

𝟑, 𝟔, and 𝟏𝟐. 

 

b. Calculate "Diff," the difference between the mean of the numbers on the balls 

assigned to Group A and the mean of the numbers on the balls assigned to 

Group B (i.e., 𝒙 𝑨 − 𝒙 𝑩), when the 3 ping-pong balls selected for Group A are 

𝟑, 𝟏𝟐, and 𝟏𝟖. 

 

c. What is the greatest possible value of "Diff", and what selection of ping-pong 

balls for Group A corresponds to that value?  

 

d. What is the smallest (most negative) possible value of "Diff", and what selection of 

ping-pong balls for Group A corresponds to that value? 
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3.    Medical patients who are in physical pain are often asked to communicate their level of pain 

on a scale of 0 to 10 where "0" means "no pain" and "10" means "worst pain."  (Note:  

Sometimes a visual device with "pain faces" is used to accommodate the reporting of the pain 

score.)  Due to the structure of the scale, a patient would desire a lower value on this scale 

after treatment for pain. 

 

 

 

 

 

 

 

     Imagine that 𝟐𝟎 subjects participate in a clinical experiment and that a variable of    

     "ChangeinScore" is recorded for each subject as the subject's pain score after treatment minus     

      the subject's pain score before treatment.  Since the expectation is that the treatment would  

      lower a patient's pain score, you would desire a negative value for "ChangeinScore."  For  

      example, a "ChangeinScore" value of −𝟐 would mean that the patient was in less pain (for  

      example, now at a "𝟔," formerly at an "𝟖").  

       

     Although the 20 "ChangeinScore" values for the 20 patients are not shown here, below is a   

     randomization distribution of the value "Diff" (𝑥 𝐴 − 𝑥 𝐵) based on 100 random assignments of   

     these 20 observations into two groups of 10 (Group A and Group B).   

 

     a.  From the distribution above, what is the probability of obtaining a "Diff"  

          score of −1 or less? 

 

     b.  With regard to this distribution, would you consider a "Diff" value of – 0.4  

          to be statistically significant?  Explain. 

 

     c.  With regard to how "Diff" is calculated, if Group A represented a group of patients in your   

          experiment who received a new pain relief treatment, and Group B received a pill with no   

          medicine (called a placebo), how would you interpret a "Diff" value of −1.4 pain scale  

          units in context?  

 

     d.  Given the distribution above, if you obtained such a value of "Diff" (−1.4) from your   

          experiment, would you consider that to be significant evidence of the new treatment being     

          effective on average in relieving pain? Explain.     
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S-IC.6  Evaluate reports based on data. ★ 

 

1.   Holiday Inn Resort Brand conducted the Kid Classified survey.  1,500 parents and children 

nationwide were interviewed via an online survey.   

The results of the survey state:  

―While many parents surveyed say they have some financial savings set aside specifically 

for vacation travel, more than half of parents in the survey (𝟓𝟐%) noted that saving 

enough money was the biggest challenge to planning a family vacation, more so than 

coordination of family schedules (19%) or taking time off of work (12%).‖ 

Source:  http://www.lodgingmagazine.com/holiday-inn-resorts-catering-to-kids/ 

 

a. Calculate the margin of error associated with the estimate of the proportion of all parents 

who would say that saving enough money is the biggest challenge to planning a family 

vacation.  

b. Write a sentence interpreting the margin of error. 

c. Comment on how the survey was conducted.  

 

 2.  The British Medical Journal published a study whose objective was to investigate estimation 

of calorie content of meals from fast food restaurants.  Below are the published results. 

Participants:  1,877 adults and 330 school age children visiting restaurants at dinnertime 

(evening meal) in 2010 and 2011; 1,178 adolescents visiting restaurants after school or at 

lunchtime in 2010 and 2011. 

Results:  Among adults, adolescents, and school age children, the mean actual calorie 

content of meals was 836 calories (SD 465), 756 calories (SD 455), and 733 calories (SD 

359), respectively.  Compared with the actual figures, participants underestimated calorie 

content by means of 175 calories, 259 calories, and 175 calories, respectively.  

Source:  http://www.bmj.com/content/346/bmj.f2907 

 

a. Calculate the margin of error associated with the estimate of the mean number of 

actual calories in the meals eaten by each of the groups:  adults, adolescents, and 

school age children.   

b. Write a sentence interpreting the margin of error for the adult group. 

c. Explain why the margin of error for the estimate of the mean number of actual 

calories in meals eaten by adults is smaller than the margin of error of the mean 

number of actual calories in meals eaten by school age children. 

d. Write a conclusion that the researchers could draw from this study.  

 

 

 

 

http://www.lodgingmagazine.com/holiday-inn-resorts-catering-to-kids/
http://www.bmj.com/content/346/bmj.f2907
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Understand independence and conditional probability  

and use them to interpret data 
 

S-CP.1  Describe events as subsets of a sample space (the set of outcomes) using characteristics  

(or categories) of the outcomes, or as unions intersections, or complements of other events (―or,‖ 

―and,‖ ―not‖). ★ 

 

 

1.  You are going to spin two spinners. The first one has  

     three equal sections, red, blue and green.  The second  

     spinner has 3 equal sections numbered 1-4.   

 

a.  What is the sample space for spinning  

        both spinners? 

 

b. What is the probability your spinner lands on a red section and an even number? 

 

c. What is the probability your spinner lands on a red section or an even number? 

 

d. What is the probability your spinner doesn‘t land on a green section? 

 

e. What is the probability your spinner doesn‘t land on a green section or your spinner lands 

on an odd number? 

 

 

 

 

S-CP.2  Understand that two events A and B are independent if the probability of A and B 

occurring together is the product of their probabilities, and use this characterization to determine 

if they are independent. ★ 

 

1.  If ( ) .3P A  , (B) .4P   and ( ) .12P A B  , are the events A and B independent? 

 

2.  If ( ) .4P A  , (B) .1P   and ( ) .5P A B  , are the events A and B independent? 

 

3.  If ( ) .3P A  , (B) .2P   and A and B are independent, what is ( )P A B ? 

 

4.  If ( ) .2P A  , (B) .1P   and A and B are NOT independent, what is ( )P A B ? 
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S-CP.3  Understand the conditional probability of A given B as P(A and B)/P(B), and interpret 

independence of A and B as saying that the conditional probability of A given B is the same as 

the probability of A, and the conditional probability of B given A is the same as the probability  

of B.  ★ 

 

1.  If A and B are independent, what is ( )P A B ? 

 

2.  In order to study the connection between the amount of sleep a student gets and his or her  

     school performance, data was collected from 120 students. The two-way table shows the  

     number of students who passed and failed an exam and the number of students who got  

     more or less than 6 hours of sleep the night before. 

 

     a.  To the nearest percent, what is the  

          probability that a student who failed the 

          exam got less than 6 hours of sleep? 

 

     b.  To the nearest percent, what is the  

          probability that a student who got less 

          than 6 hours of sleep failed the exam? 

 

     c.  To the nearest percent, what is the probability that a student got less than 

          6 hours of sleep and failed the exam? 

 

3.  A botanist studied the effect of a new fertilizer by choosing 100 orchids and giving 70% 

     of these plants the fertilizer.  Of the plants that got the fertilizer, 40% produced flowers  

     within a month.  Of the plants that did not get the fertilizer, 10% produced flowers within 

     a month.  Find each probability to the nearest percent. (Hint: construct a two-way table) 
 

     a.  Find the probability that a plant that produced a flower got the fertilizer. 

     b.  Find the probability that a plant that got the fertilizer produced flowers.    

 

 

S-CP.4  Construct and interpret two-way frequency tables of data when two categories are 

associated with each object being classified. Use the two-way table as a sample space to decide if 

events are independent and to approximate conditional probabilities. For example, collect data 

from a random sample of students in your school on their favorite subject among math, science, 

and English. Estimate the probability that a randomly selected student from your school will 

favor science given that the student is in tenth grade. Do the same for other subjects and compare 

the results.★ 
 

1.  The School Board of Waldo, a rural town in the Midwest, is considering building a new high   

     school primarily funded by local taxes.  They decided to interview eligible voters to   

     determine if the school board should build a new high school facility to replace the current  

     high school building.  There is only one high school in the town.  Every registered voter in  

     Waldo was interviewed.  In addition to asking about support for a new high school, data on  

     gender and age group were also recorded.   

     The data from these interviews are summarized below: 
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 Should our town build a new high school? 

 Yes No No answer 

Age (in years) Male Female Male Female Male Female 

18 – 25 29 32 8 6 0 0 

26 – 40 53 60 40 44 2 4 

41 – 65 30 36 44 35 2 2 

66 and older 7 26 24 29 2 0 

 

     

 a.  Based on this survey, do you think the school board should recommend building a new     

          high school?  Explain your answer. 

 

     b.  An eligible voter is picked at random.  If this person is 21 years old, do you think he or she   

           would indicate that the town should build a high school?  Why or why not? 

 

     c.  An eligible voter is picked at random.  If this person is 55 years old, do you think he or she   

          would indicate that the town should build a high school?  Why or why not? 

 

     d.  Complete the following two-way frequency table based on the data above: 

 

 
Yes No 

No 

answer 
Total 

Male 119  6  

Female     

Total  230 12 515 

 

     Use the above two-way frequency table to answer the following questions: 

 

     e.  If a randomly selected eligible voter is a female, what is the probability she will  

          vote to build a new high school? 

 

     f.  If a randomly selected eligible voter is male, what is the probability he will vote  

         to build a new high school? 
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S-CP.5  Recognize and explain the concepts of conditional probability and independence in 

everyday language and everyday situations. For example, compare the chance of having lung 

cancer if you are a smoker with the chance of being a smoker if you have lung cancer.★ 

 

Consider data below. 

 No household  

member smokes 

At least one household 

member smokes 
Total 

Student indicates he or 

she has asthma 
𝟔𝟗 𝟏𝟏𝟑 𝟏𝟖𝟐 

Student indicates he or 

she does not have asthma 
𝟒𝟕𝟑 𝟐𝟖𝟐 𝟕𝟓𝟓 

Total 𝟓𝟒𝟐 𝟑𝟗𝟓 𝟗𝟑𝟕 

 

1.  You are asked to determine if the two events a randomly selected student has asthma and a 

randomly selected student has a household member who smokes are independent.  What 

probabilities could you calculate to answer this question? 

 

2.   Calculate the probabilities you described in Exercise 7. 

 

3.   Based on the probabilities you calculated in Exercise 8, are these two events independent or 

not independent?  Explain. 

 

4.   Is the probability that a randomly selected student who has asthma and who has a household 

member who smokes the same as or different than the probability that a randomly selected 

student who does not have asthma but does have a household member who smokes?  Explain 

your answer. 

 

5.   A student is selected at random.  The selected student indicates that he or she has a household 

member who smokes.  What is the probability that the selected student has asthma?   

 

 

Use the rules of probability to compute probabilities of compound events in a 

uniform probability model 
 

S-CP.6  Find the conditional probability of A given B as the fraction of B‘s outcomes that also 

belong to A, and interpret the answer in terms of the model.★ 

 

1.  A credit card company states that 42% of its customers are classified as long-term   

     cardholders, 35%  pay their bills in full each month, and 23% are long-term cardholders who  

     also pay their bills in full each month.  Let the event that a randomly selected customer is a  

     long-term cardholder be 𝐿, and the event that a randomly selected customer pays his or her  

     bill in full each month be 𝐹. 
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     a.   What are the values of 𝑃(𝐿), 𝑃(𝐹), and 𝑃(𝐿 and 𝐹)? 

 

     b.   Draw a Venn diagram, and label it with the probabilities from part (a). 

   

     c.  Use the conditional probability formula to calculate 𝑃(𝐿 given 𝐹).   

          (Round your answer to the nearest thousandth.) 

 

     d.  Use the conditional probability formula to calculate 𝑃(𝐹 given 𝐿).   

          (Round your answer to the nearest thousandth.) 

 

 

 

S-CP.7  Apply the Addition Rule, P(A or B) = P(A) + P(B) – P(A and B), and interpret the 

answer in terms of the model.★ 

 

1.  When a car is brought to a repair shop for a service, the probability that it will need the  

     transmission fluid replaced is 𝟎.𝟑𝟖, the probability that it will need the brake pads replaced  

     is 𝟎.𝟐𝟖, and the probability that it will need both the transmission fluid and the brake pads  

     replaced is 𝟎.𝟏𝟔.  Let the event that a car needs the transmission fluid replaced be 𝑻 and the  

     event that a car needs the brake pads replaced be 𝑩. 

 

     a.   What are the values of 

𝒊.  𝑷(𝑻)   

𝑖𝑖.𝑃(𝐵)   

𝑖𝑖𝑖.𝑃(𝑇 and 𝐵)  
 

     b.  Use the addition rule to find the probability that a randomly selected  

          car needs the transmission fluid or the brake pads replaced. 

 

 

2.  When a call is received at an airline‘s call center, the probability that it comes from abroad 

     is 0.32, and the probability that it is to make a change to an existing reservation is 0.38.   

 

     a.  Suppose that you are told that the probability that a call is both from abroad and is to make  

          a change to an existing reservation is 0.15.  Calculate the probability that a randomly  

          selected call is either from abroad or is to make a change to an existing reservation. 

 

     b.  Suppose now that you are not given the information in part (a), but you are told that the  

          events the call is from abroad and the call is to make a change to an existing reservation  

          are independent.  What is now the probability that a randomly selected call is either from  
            abroad or is to make a change to an existing reservation?  


