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HS College Math Second Semester 

Module 4: Algebraic Functions and Systems (45 Days) 
Chapter 7 (Algebraic Models 7.1 – 7.6); Chapter 8 (Modeling with Systems of Linear Equations and Inequalities 8.1 – 8.3) 

Big Idea: 

 Linear equations have a constant rate of change between the variables. 

 Linear, quadratic, and exponential equations can be used as models to solve everyday situations. 

 A system of equations can be solved by writing equivalent systems until the value of one variable is clear, then substituting to find the 
values of the other variable. 

 If the equations of two systems are equivalent, then a solution of the system that is easier to solve is also a solution of the more difficult 
system. 

 A system of inequalities cam be solved in more than one way.  Graphing is usually the most appropriate method to solve a system of 
inequalities.  The solution is the set of all points that are solutions of each inequality in the system. 

 Matrices can be used to represent and solve a system of equations without writing the variables. 

Essential 
Questions: 

 What is the importance of using the slope and y-intercept to graph and write a linear equation? 

 What are the algebraic skills used to rewrite linear equations in various forms? 

 How is using these equation-writing skills applied to describing relationships in real-world data? 

 How do you model with linear equations? 

 How do you use the line of best fit to model real data? 

 How do you solve exponential equations using the log function? 

 What are the differences between linear, quadratic, and exponential growth? 

 What is a logistic growth model used for? 

 How does a logistic model differ from an exponential model? 

 How does the capture-recapture method apply to real life situations? 

 What is the difference between a relation and a function? 

 How do you recognize a system of equations has exactly one solution?  Has no solutions? Has an infinite number of solutions? 

 How would you use a system of equations to model situations involving several relationships among a set of variables in everyday life? 

 What is the difference between the substitution and elimination methods in solving a system of equations? 

 Why do we use the one-point test when solving a system of inequalities? 

Vocabulary 

Linear equation, standard form, solution, equivalent, equations, x-intercept , y-intercept,  rise, run, slope, slope-intercept form, line of best fit, 
quadratic equation, parabola, vertex, quadratic formula, axis of symmetry, compound interest, exponential equation, log function, logistic 
model, ratio, proportion, cross products, varies directly, constant of variation, varies inversely, constant of proportionality, function, domain, 
range, independent and dependent variables, ordered pairs, relation, vertical line test, solution, inconsistent, dependent systems, systems of 
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equations, pair of lines, elimination method, graphing, law of supply, equilibrium point, law of demand, linear inequality in two variables, half-
plane, one- point test, corner point, matrices, inverse, reduced row echelon form 

Standard Common Core Standards Explanations & Examples Comments 

N.CN.C.7 Use complex numbers in polynomial 
identities and equations 
 
Solve quadratic equations with real coefficients that 
have complex solutions. 

Examples: 

 Within which number system can x
2
 = – 2 be solved? Explain 

how you know. 

 Solve x
2
+ 2x + 2 = 0 over the complex numbers. 

 Find all solutions of 2x
2
 + 5 = 2x and express them in the form 

a + bi. 

 

A.SSE.A.1 Interpret the structure of expressions 
 
Interpret expressions that represent a quantity in terms 
of its context. 

Students should understand the vocabulary for the parts that make up 
the whole expression and be able to identify those parts and interpret 
their meaning in terms of a context 

 

A.SSE.A.2 Interpret the structure of expressions 
 
Use the structure of an expression to identify ways to 
rewrite it. For example,  
see x

4
 – y

4
 as (x

2
)

2
 – (y

2
)

2
, thus recognizing it as a 

difference of squares that can be factored as  
(x

2
 – y

2
)(x

2
 + y

2
). 

 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.7. Look for and make use of structure. 

Students should extract the greatest common factor (whether a 
constant, a variable, or a combination of each). If the remaining 
expression is quadratic, students should factor the expression further. 
Example: 

Factor xxx 352 23    

A.SSE.B.3 Write expressions in equivalent forms to 
solve problems  
 
Choose and produce an equivalent form of an 
expression to reveal and explain properties of the 
quantity represented by the expression. 

 
HS.MP.1. Make sense of problems and persevere in 
solving them. 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.7. Look for and make use of structure. 

Students will use the properties of operations to create equivalent 
expressions. 
Examples: 

 Express 2(x
3
 – 3x

2
 + x – 6) – (x – 3)(x + 4) in factored form and 

use your answer to say for what values of x the expression is 
zero. 

 Write the expression below as constant times a power of x 
and use your answer to decide whether the expression gets 
larger or smaller as x gets larger. 

o 

        

3 2 4

2 3

(2 ) (3 )

( )

x x

x  
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A.CED.A.1 Create equations that describe numbers or 
relationships 
 
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. 
 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 

Equations can represent real world and mathematical problems. 
Include equations and inequalities that arise when comparing the 
values of two different functions, such as one describing linear growth 
and one describing exponential growth. 
Examples: 

 Given that the following trapezoid has area 54 cm
2
, set up an 

equation to find the length of the base, and solve the 
equation.  

 
Lava coming from the eruption of a volcano follows a parabolic path. 
The height h in feet of a piece of lava t seconds after it is ejected from 
the volcano is given by                   After how many 

seconds does the lava reach its maximum height of 1000 feet? 

 

A.CED.A.2 Create equations that describe numbers or 
relationships 
 
Create equations in two or more variables to represent 
relationships between quantities; graph equations on 
coordinate axes with labels and scales. 
 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 

 

 

A.CED.A.3 Create equations that describe numbers or 
relationships 
 
Represent constraints by equations or inequalities, and 
by systems of equations and/or inequalities, and 
interpret solutions as viable or non-viable options in a 
modeling context. For example, represent inequalities 
describing nutritional and cost constraints on 
combinations of different foods. 
 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
 

Example: 

 A club is selling hats and jackets as a fundraiser. Their budget 
is $1500 and they want to order at least 250 items. They must 
buy at least as many hats as they buy jackets. Each hat costs 
$5 and each jacket costs $8. 
o Write a system of inequalities to represent the situation. 
o Graph the inequalities. 
o If the club buys 150 hats and 100 jackets, will the 

conditions be satisfied? 
o What is the maximum number of jackets they can buy and still 

meet the conditions? 
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A.REI.A.1 Understand solving equations as a process of 
reasoning and explain the reasoning 
 
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. 
 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.7. Look for and make use of structure. 

Properties of operations can be used to change expressions on either 
side of the equation to equivalent expressions. In addition, adding the 
same term to both sides of an equation or multiplying both sides by a 
non-zero constant produces an equation with the same solutions. 
Other operations, such as squaring both sides, may produce equations 
that have extraneous solutions. 
Examples: 

 Explain why the equation x/2 + 7/3 = 5 has the same solutions 
as the equation 3x + 14 = 30. Does this mean that x/2 + 7/3 is 
equal to 3x + 14? 

Show that x = 2 and x = -3 are solutions to the equation         
Write the equation in a form that shows these are the only solutions, 
explaining each step in your reasoning. 

 

A.REI.B.3 Solve equations and inequalities in one 
variable 
 
Solve linear equations and inequalities in one variable, 
including equations with coefficients represented by 
letters. 
 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.7. Look for and make use of structure.  
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

Examples: 

 
7

8 111
3

y    

 3x > 9 

 ax + 7 = 12 

 
4

9

7

3 


 xx
 

 Solve for x:  2/3x + 9 < 18 

 

A.REI.B.4 Solve equations and inequalities in one 
variable 
 
Solve quadratic equations in one variable. 

a. Use the method of completing the square to 
transform any quadratic equation in x into an 
equation of the form (x – p)

2
 = q that has the 

same solutions. Derive the quadratic formula 
from this form. 

b. Solve quadratic equations by inspection (e.g., 
for x

2
 = 49), 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 

Students should solve by factoring, completing the square, and using 
the quadratic formula. The zero product property is used to explain 
why the factors are set equal to zero. Students should relate the value 
of the discriminant to the type of root to expect. A natural extension 
would be to relate the type of solutions to ax

2
 + bx + c  = 0  to the 

behavior of the graph of y  = ax
2
 + bx + c. 

Value of 
Discriminant 

Nature of 
Roots 

Nature of Graph 

b
2
 – 4ac = 0 1 real roots intersects x-axis 

once 

b
2
 – 4ac > 0  2 real roots intersects x-axis 

twice 

b
2
 – 4ac < 0 2 complex 

roots 
does not intersect x-
axis 

Examples: 
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them as a ± bi for real numbers a and b. 
 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.7. Look for and make use of structure.  
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

 

Are the roots of 2x
2
 + 5 = 2x real or complex? How many roots 

does it have? Find all solutions of the equation. 
What is the nature of the roots of x

2
 + 6x + 10 = 0? Solve the equation 

using the quadratic formula and completing the square. How are the 
two methods related? 

A.REI.C.5 Solve systems of equations 
 
Prove that, given a system of two equations in two 
variables, replacing one equation by the sum of that 
equation and a multiple of the other produces a system 
with the same solutions. 
 
HS.MP.2. Reason abstractly and quantitatively. 

HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 

Example: 

Given that the sum of two numbers is 10 and their difference is 4, what 
are the numbers? Explain how your answer can be deduced from the 
fact that they two numbers, x and y, satisfy the equations x + y = 10 and 
x – y = 4. 

 

A.REI.C.6 Solve systems of equations 
 
Solve systems of linear equations exactly and 
approximately (e.g., with graphs), focusing on pairs of 
linear equations in two variables. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure.  
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

The system solution methods can include but are not limited to 
graphical, elimination/linear combination, substitution, and modeling. 
Systems can be written algebraically or can be represented in context. 
Students may use graphing calculators, programs, or applets to model 
and find approximate solutions for systems of equations.  

Examples:  

 José had 4 times as many trading cards as Phillipe.  After José 
gave away 50 cards to his little brother and Phillipe gave 5 
cards to his friend for this birthday, they each had an equal 
amount of cards. Write a system to describe the situation and 
solve the system. 
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 Solve the system of equations:   x+ y = 11 and 3x – y = 5.                          

 Use a second method to check your answer. 

 Solve the system of equations: x – 2y + 3z = 5, x + 3z = 11, 5y – 
6z = 9. 

The opera theater contains 1,200 seats, with three different prices. The 
seats cost $45 per seat, $50 per seat, and $60 per seat. The opera 
needs to gross $63,750 on seat sales. There are twice as many $60 
seats as $45 seats. How many seats in each level need to be sold? 

A.REI.C.8 Solve systems of equations 
 
Represent a system of linear equations as a single 
matrix equation in a vector variable. 
 

 

Example: 

 Write the system 














1132

0

42

ca

cba

cb

  as a matrix equation.                           

Identify the coefficient matrix, the variable matrix, and the constant 
matrix. 
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A.REI.C.9 Solve systems of equations 
 
Find the inverse of a matrix if it exists, and use it to 
solve systems of linear equations (using technology for 

matrices of dimension 3  3 or greater). 

HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure. 

Students will perform multiplication, addition, subtraction, and scalar 
multiplication of matrices. They will use the inverse of a matrix to solve 
a matrix equation. Students may use graphing calculators, programs, or 
applets to model and find solutions for systems of equations. 

Example: 

 Solve the system of equations by converting to a matrix 
equation and using the inverse of the coefficient matrix. 

5 2 4

3 2 0

x y

x y

 


 
 

Solution:  

Matrix 









23

25
A  

Matrix 
x

X
y

 
  
 

 

Matrix 
4

0
B

 
  
 

 























4

5

4

3
2

1

2

1

=Matrix A1-  

 

 

 

A.REI.D.11 Represent and solve equations and 
inequalities graphically 
 
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 

Students need to understand that numerical solution methods (data in 
a table used to approximate an algebraic function) and graphical 
solution methods may produce approximate solutions, and algebraic 
solution methods produce precise solutions that can be represented 
graphically or numerically. Students may use graphing calculators or 
programs to generate tables of values, graph, or solve a variety of 
functions. 
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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. 

 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 

 
 

A.REI.D.12 Represent and solve equations and 
inequalities graphically 
 
Graph the solutions to a linear inequality in two 
variables as a half-plane (excluding the boundary in the 
case of a strict inequality), and graph the solution set to 
a system of linear inequalities in two variables as the 
intersection of the corresponding half-planes. 
 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 

Students may use graphing calculators, programs, or applets to model 
and find solutions for inequalities or systems of inequalities. 

Examples: 

 Graph the solution:  y < 2x + 3.  

 A publishing company publishes a total of no more than 100 
magazines every year. At least 30 of these are women’s 
magazines, but the company always publishes at least as 
many women’s magazines as men’s magazines. Find a system 
of inequalities that describes the possible number of men’s 
and women’s magazines that the company can produce each 
year consistent with these policies. Graph the solution set. 

 Graph the system of linear inequalities below and determine if 
(3, 2) is a solution to the system. 















33

2

03

yx

yx

yx

 

Solution:  

 

(3, 2) is not an element of the solution set (graphically or by 
substitution). 
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F.IF.A.1 Understand the concept of a function and use 
of function notation 
 
Understand that a function from one set (called the 
domain) to another set (called the range) assigns to 
each element of the domain exactly one element of the 
range. If f is a function and x is an element of its 
domain, then f(x) denotes the output of f 
corresponding to the input x. The graph of f is the graph 
of the equation y = f(x). 
 
HS.MP.2. Reason abstractly and quantitatively. 

The domain of a function given by an algebraic expression, unless 
otherwise specified, is the largest possible domain. 

 

F.IF.A.2 Understand the concept of a function and use 
of function notation 
 

Use function notations, evaluate functions for inputs in 
their domains, and interpret statements that use 
function notation in terms of a context. 

HS.MP.2. Reason abstractly and quantitatively. 

The domain of a function given by an algebraic expression, unless 
otherwise specified, is the largest possible domain. 

Examples: 

 If 124)( 2  xxxf , find ).2(f  

 Let 2)3(2)(  xxf .  Find )3(f , )
2

1
(f , )(af , and )( haf   

 If P(t) is the population of Tucson t years after 2000, interpret 
the statements P(0) = 487,000 and P(10)-P(9) = 5,900. 

 

F.IF.B.4 Interpret functions that arise in applications 
in terms of context 
 
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. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 

Students may be given graphs to interpret or produce graphs given an 
expression or table for the function, by hand or using technology.  
Examples:  

 A rocket is launched from 180 feet above the ground at time t 
= 0. The function that models this situation is given by h = – 
16t

2
 + 96t + 180, where t is measured in seconds and h is 

height above the ground measured in feet. 

o What is a reasonable domain restriction for t in this 
context? 

o Determine the height of the rocket two seconds after it 
was launched. 

o Determine the maximum height obtained by the rocket. 

o Determine the time when the rocket is 100 feet above the 
ground. 

o Determine the time at which the rocket hits the ground. 
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o How would you refine your answer to the first question 
based on your response to the second and fifth 
questions? 

 Compare the graphs of y = 3x
2
 and y = 3x

3
. 

 Let 
2

( )
2

R x
x




. Find the domain of R(x). Also find the 

range, zeros, and asymptotes of R(x). 

 Let 155)( 23  xxxxf . Graph the function and identify 

end behavior and any intervals of constancy, increase, and 
decrease. 

 It started raining lightly at 5am, then the rainfall became 
heavier at 7am. By 10am the storm was over, with a total 
rainfall of 3 inches. It didn’t rain for the rest of the day. Sketch 
a possible graph for the number of inches of rain as a function 
of time, from midnight to midday. 

F.IF.C.7 Analyze functions using different 
representation 
 
Graph functions expressed symbolically and show key 
features of the graph, by hand in simple cases and using 
technology for more complicated cases. 
 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 

Key characteristics include but are not limited to maxima, minima, 
intercepts, symmetry, end behavior, and asymptotes. Students may 
use graphing calculators or programs, spreadsheets, or computer 
algebra systems to graph functions. 

Examples: 

 Describe key characteristics of the graph of f(x) = │x – 3│ + 5. 

 Sketch the graph and identify the key characteristics of the 
function described below. 

2

2for 0
( )

for 1

x x
F x

x x
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 Graph the function f(x) = 2
x
 by creating a table of values. 

Identify the key characteristics of the graph. 

 Graph f(x) = 2 tan x – 1. Describe its domain, range, intercepts, 
and asymptotes. 

Draw the graph of f(x) = sin x and f(x) = cos x. What are the similarities 
and differences between the two graphs? 

F.BF.A.1 Build a function that models a relationship 
between two quantities 
 
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. 

c. Compose functions. For example, if T(y) is the 

temperature in the atmosphere as a function 

of height, and h(t) is the height of a weather 

balloon as a function of time, then T(h(t)) is 

the temperature at the location of the weather 

balloon as a function of time. 

Students will analyze a given problem to determine the function 
expressed by identifying patterns in the function’s rate of change. They 
will specify intervals of increase, decrease, constancy, and, if possible, 
relate them to the function’s description in words or graphically. 
Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model functions. 

Examples: 

 You buy a $10,000 car with an annual interest rate of 6 
percent compounded annually and make monthly payments 
of $250. Express the amount remaining to be paid off as a 
function of the number of months, using a recursion equation.  

 A cup of coffee is initially at a temperature of 93º F. The 
difference between its temperature and the room 
temperature of 68º F decreases by 9% each minute. Write a 
function describing the temperature of the coffee as a 
function of time. 

 The radius of a circular oil slick after t hours is given in feet by 
           , for 0 ≤ t ≤ 10. Find the area of the oil slick as 
a function of time. 
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HS.MP.1. Make sense of problems and persevere in 
solving them. 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure. 
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

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

HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.7. Look for and make use of structure. 

Students will apply transformations to functions and recognize 
functions as even and odd. Students may use graphing calculators or 
programs, spreadsheets, or computer algebra systems to graph 
functions. 

Examples: 

 Is f(x) = x
3
 - 3x

2
 + 2x + 1 even, odd, or neither? Explain your 

answer orally or in written format. 

 Compare the shape and position of the graphs of f (x) x2

and g(x )  2x 2 , and explain the differences in terms of the 

algebraic expressions for the functions. 

 
 Describe effect of varying the parameters a, h, and k have on 

the shape and position of the graph of f(x) = a(x-h)
2
 + k. 

 Compare the shape and position of the graphs of xexf )(  to 

g(x ) e x6 5 , and explain the differences, orally or in 

written format, in terms of the algebraic expressions for the 
functions. 
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 Describe the effect of varying the parameters a, h, and k on 
the shape and position of the graph f(x) = ab

(x + h)
 + k., orally or 

in written format. What effect do values between 0 and 1 
have? What effect do negative values have? 

 

 

F.BF.B.4 Build new functions from existing functions 
 
Find inverse functions. 

 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.7. Look for and make use of structure. 

Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model functions. 

Examples: 

 For the function h(x) = (x – 2)
3
, defined on the domain of all 

real numbers, find the inverse function if it exists or explain 
why it doesn’t exist. 

 Graph h(x) and h
-1

(x) and explain how they relate to each 
other graphically. 

 Find a domain for f(x) = 3x
2 

+ 12x - 8 on which it has an inverse. 
Explain why it is necessary to restrict the domain of the 
function. 

 

F.LE.A.1 Construct and compare linear, quadratic, 
and exponential models and solve problems 
 
Distinguish between situations that can be modeled 
with linear functions and with exponential functions. 

a. Prove that linear functions grow by equal 
differences over equal intervals, and that 
exponential functions grow by equal factors 
over equal intervals. 

b. Recognize situations in which one quantity 

changes at a constant rate per unit interval 

Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model and compare linear and exponential 
functions. 

Examples: 

 A cell phone company has three plans. Graph the equation for 
each plan, and analyze the change as the number of minutes 
used increases. When is it beneficial to enroll in Plan 1? Plan 2? 
Plan 3?  
1. $59.95/month for 700 minutes and $0.25 for each 

additional minute, 
2. $39.95/month for 400 minutes and $0.15 for each 

additional minute, and 
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relative to another. 

c. Recognize situations in which a quantity grows 

or decays by a constant percent rate per unit 

interval relative to another. 

HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.7. Look for and make use of structure. 
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

 

3. $89.95/month for 1,400 minutes and $0.05 for each 
additional minute. 

 A computer store sells about 200 computers at the price of 
$1,000 per computer. For each $50 increase in price, about ten 
fewer computers are sold. How much should the computer 
store charge per computer in order to maximize their profit? 

Students can investigate functions and graphs modeling different 
situations involving simple and compound interest. Students can 
compare interest rates with different periods of compounding (monthly, 
daily) and compare them with the corresponding annual percentage 
rate. Spreadsheets and applets can be used to explore and model 
different interest rates and loan terms. 

Students can use graphing calculators or programs, spreadsheets, or 
computer algebra systems to construct linear and exponential functions. 

Examples: 

 A couple wants to buy a house in five years. They need to save 
a down payment of $8,000. They deposit $1,000 in a bank 
account earning 3.25% interest, compounded quarterly. How 
much will they need to save each month in order to meet their 
goal? 

 Sketch and analyze the graphs of the following two situations. 
What information can you conclude about the types of growth 
each type of interest has? 
o Lee borrows $9,000 from his mother to buy a car. His mom 

charges him 5% interest a year, but she does not 
compound the interest. 

o Lee borrows $9,000 from a bank to buy a car. The bank 
charges 5% interest compounded annually.   

 Calculate the future value of a given amount of money, with 
and without technology. 

 Calculate the present value of a certain amount of money for a 
given length of time in the future, with and without technology. 

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

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 

Students may use graphing calculators or programs, spreadsheets, or 
computer algebra systems to model and interpret parameters in linear, 
quadratic or exponential functions. 
Example: 
A function of the form f(n) = P(1 + r)

n
 is used to model the amount of 

money in a savings account that earns 5% interest, compounded 
annually, where n is the number of years since the initial deposit. What 
is the value of r? What is the meaning of the constant P in terms of the 
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savings account? Explain either orally or in written format. 

S.ID.B.6 Summarize, represent, and interpret data on 
a two categorical and quantitative variables 
 
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 chooses a function 
suggested by the context. Emphasize linear, 
quadratic, and exponential models. 

b. Informally assess the fit of a function by 

plotting and analyzing residuals. 

c. Fit a linear function for a scatter plot that 

suggests a linear association. 

 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.7. Look for and make use of structure. 
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

The residual in a regression model is the difference between the 
observed and the predicted  for some  (  the dependent variable 
and  the independent variable). 

So if we have a model  and a data point , the 

residual is for this point is . Students may use 
spreadsheets, graphing calculators, and statistical software to 
represent data, describe how the variables are related, fit functions to 
data, perform regressions, and calculate residuals. 

Example: 

Measure the wrist and neck size of each person in your class and make 
a scatterplot. Find the least squares regression line. Calculate and 
interpret the correlation coefficient for this linear regression model. 
Graph the residuals and evaluate the fit of the linear equations. 

 

N.Q.A.1 Reason qualitatively and use units to solve 
problems 
 
Use units as a way to understand problems and to 
guide the solution of multi-step problems; choose and 
interpret units consistently in formulas; choose and 
interpret the scale and the origin in graphs and data 
displays. 

 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 

Include word problems where quantities are given in different units, 
which must be converted to make sense of the problem. For example, 
a problem might have an object moving 12 feet per second and 
another at 5 miles per hour. To compare speeds, students convert 12 
feet per second to miles per hour: 

hr24

day1

min60

hr1

sec60

min1
sec24000   is more than 8 miles per hour.  

Graphical representations and data displays include, but are not limited 
to: line graphs, circle graphs, histograms, multi-line graphs, 
scatterplots, and multi-bar graphs. 
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HS College Math Second Semester 

Module 5: Probability and Statistics (45 days) 
Chapter 13 (Counting 13.1 – 13.4); Chapter 14 (Probability 14.1 – 14.5); Chapter 15 (Descriptive Statistics 15.1 – 15.5) 

Big Idea: 

 Probability expresses the likelihood that a particular event will occur. 

 Data can be used to calculate an empirical probability and mathematical properties can be used to determine theoretical probability. 

 Either empirical or theoretical probability can be used to make predictions or decisions about future events. 

 Various counting methods can be used to develop theoretical probabilities. 

 Data sets can be described using various statistical measures, depending on what characteristics are being studied. 

 Standard deviation is a measure of how far the numbers in a data set deviate from the mean. 

 Normal distributions model many common natural phenomena. 

Essential 
Questions: 

 How do you use probability in real everyday life? 

 How do you determine the number of outcomes related to a given event? 

 What is the difference between an outcome and an event? 

 What is the difference between the probability of an event and the odds in favor of an event? 

 How do you calculate the probability of the union of two events? 

 How are complement and union formulas used to compute the probability of an event? 

 How do you calculate conditional probability? 

 What is the difference between dependent and independent events? 

 How is expected value used to solve real life applications? 

 What are the properties of a binomial experiment? 

 What is the difference between a sample and a population? 

 How are measures of central tendency different from standard deviation? 

 How do the measures of central tendency change as data is added and/or deleted to a set? 

 How do you use the coefficient of variation to compare the standard deviations of different distributions? 

 What do you do differently when you calculate the standard deviation of a sample versus a population? 

 How are normal distributions used to solve real life problems? 

 What are the basic properties of a normal distribution curve? 

 What is the purpose of finding the line of best fit? 

Vocabulary 

Random phenomena, experiment, outcomes, sample space, probability of an event, probability of an outcome, empirical, relative frequency, 
odds against an event, complement, union, conditional probability, independent, dependent, expected value, binomial experiment, binomial 
trial, probability trees, fair, unfair game, data, population, sample, biased, frequency distribution, bar graph, histogram, stem-and-leaf plot, 
mean, median, mode, lower half, upper half, first quartile, third quartile, five-number summary, box-and-whisker plot, range, standard 
deviation, coefficient of variation, normal curve, z-score, scatter plot, linear correlation coefficient, line of best fit, measures of central tendency 
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Standard Common Core Standards Explanations & Examples Comments 

S.CP.A.2 Understand independence and conditional 
probability and use them to interpret data 

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. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure. 

 

 

S.CP.A.3 Understand independence and conditional 
probability and use them to interpret data 

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. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure. 

 

 

S.CP.A.4 Understand independence and conditional 
probability and use them to interpret data 

 
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, 

Students may use spreadsheets, graphing calculators, and simulations 
to create frequency tables and conduct analyses to determine if events 
are independent or determine approximate conditional probabilities. 
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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. 

HS.MP.1. Make sense of problems and persevere in 
solving them. 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure. 
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

S.CP.A.5 Understand independence and conditional 
probability and use them to interpret data 

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. 
 
HS.MP.1. Make sense of problems and persevere in 
solving them. 
HS.MP.4. Model with mathematics. 
HS.MP.6. Attend to precision. 
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

Examples: 

 What is the probability of drawing a heart from a standard 
deck of cards on a second draw, given that a heart was drawn 
on the first draw and not replaced? Are these events 
independent or dependent? 

 At Johnson Middle School, the probability that a student takes 
computer science and French is 0.062. The probability that a 
student takes computer science is 0.43. What is the 
probability that a student takes French given that the student 
is taking computer science? 

 

S.CP.B.6 Use the rules of probability to compute 
probabilities of compound events in a 
uniform probability model 
 
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. 

HS.MP.1. Make sense of problems and persevere in 
solving them. 

Students could use graphing calculators, simulations, or applets to 
model probability experiments and interpret the outcomes. 
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HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.7. Look for and make use of structure. 

S.CP.B.7 Use the rules of probability to compute 
probabilities of compound events in a 
uniform probability model 
 
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. 

HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure. 

Students could use graphing calculators, simulations, or applets to 
model probability experiments and interpret the outcomes. 

Example: 

In a math class of 32 students, 18 are boys and 14 are girls. On a unit 
test, 5 boys and 7 girls made an A grade. If a student is chosen at 
random from the class, what is the probability of choosing a girl or an A 
student? 

 

S.CP.B.8 Use the rules of probability to compute 
probabilities of compound events in a 
uniform probability model 
 
Apply the general Multiplication Rule in a uniform 
probability model, P(A and B) = P(A)P(B|A) = 
P(B)P(A|B), and interpret the answer in terms of the 
model. 

HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure. 

Students could use graphing calculators, simulations, or applets to 
model probability experiments and interpret the outcomes. 

 

S.CP.B.9 Use the rules of probability to compute 
probabilities of compound events in a 
uniform probability model 
 
Use permutations and combinations to compute 
probabilities of compound events and solve problems. 

HS.MP.1. Make sense of problems and persevere in 
solving them. 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.7. Look for and make use of structure. 

Students may use calculators or computers to determine sample 
spaces and probabilities. 

Example: 

You and two friends go to the grocery store and each buys a soda. If 
there are five different kinds of soda, and each friend is equally likely to 
buy each variety, what is the probability that no one buys the same 
kind? 

 



8/23/2013     Page 20 of 25 
 

N.Q.A.2 Reason qualitatively and use units to solve 
problems 
 
Define appropriate quantities for the purpose of 
descriptive modeling. 
 
HS.MP.4. Model with mathematics. 
HS.MP.6. Attend to precision. 

Examples: 

 What type of measurements would one use to determine 
their income and expenses for one month? 

 How could one express the number of accidents in Arizona? 
 

S.ID.A.1 Summarize, represent, and interpret data on 
a single count or measurement variable 
 
Represent data with plots on the real number line (dot 
plots, histograms, and box plots). 

HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 

 

 

S.ID.A.2 Summarize, represent, and interpret data on 
a single count or measurement variable 
 
Use statistics appropriate to the shape of the data 
distribution to compare center (median, mean) and 
spread (interquartile range, standard deviation) of two 
or more different data sets. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.7. Look for and make use of structure. 

Students may use spreadsheets, graphing calculators and statistical 
software for calculations, summaries, and comparisons of data sets. 

Examples: 

 The two data sets below depict the housing prices sold in the 
King River area and Toby Ranch areas of Pinal County, Arizona. 
Based on the prices below which price range can be expected 
for a home purchased in Toby Ranch? In the King River area? 
In Pinal County? 

o King River area {1.2 million, 242000, 265500,   140000, 
281000, 265000, 211000} 

o Toby Ranch homes {5 million, 154000, 250000, 250000, 
200000, 160000, 190000} 

 Given a set of test scores {99, 96, 94, 93, 90, 88, 86, 77, 70, 
68}, find the mean, median and standard deviation. Explain 
how the values vary about the mean and median. What 
information does this give the teacher? 

 

S.ID.A.3 Summarize, represent, and interpret data on 
a single count or measurement variable 
 
Interpret differences in shape, center, and spread in the 
context of the data sets, accounting for possible effects 

Students may use spreadsheets, graphing calculators and statistical 
software to statistically identify outliers and analyze data sets with and 
without outliers as appropriate.  
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of extreme data points (outliers). 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.7. Look for and make use of structure. 

S.ID.A.4 Summarize, represent, and interpret data on 
a single count or measurement variable 
 
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. 

HS.MP.1. Make sense of problems and persevere in 
solving them. 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure. 
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

Students may use spreadsheets, graphing calculators, statistical 

software and tables to analyze the fit between a data set and normal 

distributions and estimate areas under the curve. 

Examples: 

 The bar graph below gives the birth weight of a population of 
100 chimpanzees.  The line shows how the weights are 
normally distributed about the mean, 3250 grams. Estimate 
the percent of baby chimps weighing 3000-3999 grams. 

 

 Determine which situation(s) is best modeled by a normal 
distribution. Explain your reasoning. 

o Annual income of a household in the U.S. 

o Weight of babies born in one year in the U.S. 
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S.ID.B.6 Summarize, represent, and interpret data on 
a two categorical and quantitative variables 
 
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 chooses a 

function suggested by the context. Emphasize 

linear, quadratic, and exponential models. 

b. Informally assess the fit of a function by 

plotting and analyzing residuals. 

c. Fit a linear function for a scatter plot that 

suggests a linear association. 

HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.7. Look for and make use of structure. 
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

The residual in a regression model is the difference between the 
observed and the predicted  for some  (  the dependent variable 
and  the independent variable). 

So if we have a model  and a data point , the 

residual is for this point is . Students may use 
spreadsheets, graphing calculators, and statistical software to 
represent data, describe how the variables are related, fit functions to 
data, perform regressions, and calculate residuals. 

Example: 

Measure the wrist and neck size of each person in your class and make 
a scatterplot. Find the least squares regression line. Calculate and 
interpret the correlation coefficient for this linear regression model. 
Graph the residuals and evaluate the fit of the linear equations. 

 

S.ID.C.7 Interpret linear models 
 
Interpret the slope (rate of change) and the intercept 
(constant term) of a linear model in the context of the 
data. 

HS.MP.1. Make sense of problems and persevere in 
solving them. 
HS.MP.2. Reason abstractly and quantitatively. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 

Students may use spreadsheets or graphing calculators to create 
representations of data sets and create linear models. 

Example: 

 Lisa lights a candle and records its height in inches every hour. 
The results recorded as (time, height) are (0, 20), (1, 18.3), (2, 
16.6), (3, 14.9), (4, 13.2), (5, 11.5), (7, 8.1), (9, 4.7), and (10, 3).  
Express the candle’s height (h) as a function of time (t) and 
state the meaning of the slope and the intercept in terms of 
the burning candle.  

Solution:  

h = -1.7t + 20 
Slope:  The candle’s height decreases by 1.7 inches for each 
hour it is burning. 

 



8/23/2013     Page 23 of 25 
 

               Intercept: Before the candle begins to burn, its height is 20 
inches. 

S.IC.A.1 Understand and evaluate random processes 
underlying statistical experiments 
 
Understand statistics as a process for making inferences 
to be made about population parameters based on a 
random sample from that population. 
 
HS.MP.4. Model with mathematics. 
HS.MP.6. Attend to precision. 

 

 

S.IC.B.3 Make inferences and justify conclusions 
from sample surveys, experiments, and 
observational studies 
 
Recognize the purposes of and differences among 
sample surveys, experiments, and observational 
studies; explain how randomization relates to each. 
 
HS.MP.3. Construct viable arguments and critique the 
reasoning of others. 
HS.MP.4. Model with mathematics. 
HS.MP.6. Attend to precision. 

Students should be able to explain techniques/applications for 
randomly selecting study subjects from a population and how those 
techniques/applications differ from those used to randomly assign 
existing subjects to control groups or experimental groups in a 
statistical experiment.  

In statistics, an observational study draws inferences about the 
possible effect of a treatment on subjects, where the assignment of 
subjects into a treated group versus a control group is outside the 
control of the investigator (for example, observing data on academic 
achievement and socio-economic status to see if there is a relationship 
between them). This is in contrast to controlled experiments, such as 
randomized controlled trials, where each subject is randomly assigned 
to a treated group or a control group before the start of the treatment. 

 

S.IC.B.4 Make inferences and justify conclusions 
from sample surveys, experiments, and 
observational studies 
 
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. 

HS.MP.1. Make sense of problems and persevere in 
solving them. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 

 

Students may use computer generated simulation models based upon 
sample surveys results to estimate population statistics and margins of 
error. 
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S.IC.B.5 Make inferences and justify conclusions 
from sample surveys, experiments, and 
observational studies 
 

Use data from a randomized experiment to compare 
two treatments; use simulations to decide if differences 
between parameters are significant. 

HS.MP.1. Make sense of problems and persevere in 
solving them. 
HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.8. Look for and express regularity in repeated 
reasoning. 

 

Students may use computer generated simulation models to decide 
how likely it is that observed differences in a randomized experiment 
are due to chance. 

Treatment is a term used in the context of an experimental design to 
refer to any prescribed combination of values of explanatory variables. 
For example, one wants to determine the effectiveness of weed killer.  
Two equal parcels of land in a neighborhood are treated; one with a 
placebo and one with weed killer to determine whether there is a 
significant difference in effectiveness in eliminating weeds. 

 

S.MD.A.2 Calculate expected values and use them to 
solve problems 
 
Calculate the expected value of a random variable; 
interpret it as the mean of the probability distribution. 

HS.MP.4. Model with mathematics. 
HS.MP.5. Use appropriate tools strategically. 
HS.MP.6. Attend to precision. 
HS.MP.7. Look for and make use of structure. 

Students may use spreadsheets or graphing calculators to complete 
calculations or create probability models. 

The expected value of an uncertain event is the sum of the possible 
points earned multiplied by each point’s chance of occurring. 

Example: 

 In a game, you roll a six sided number cube numbered with 1, 
2, 3, 4, 5 and 6. You earn 3 points if a 6 comes up, 6 points if a 
2, 4 or 5 come up and nothing otherwise. Since there is a 1/6 
chance of each number coming up, the outcomes, 
probabilities and payoffs look like this: 

Outcome Probability Points 

1 1/6 0 points 

2 1/6 6 points 

3 1/6 0 points 

4 1/6 6 points 

5 1/6 6 points 

6 1/6 3 points 

The expected value is the sum of the products of the probability and 
points earned for each outcome (the entries in the last two columns 
multiplied together): 
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