[bookmark: _GoBack]THE CONNECTIONS TO STATISTICS
AND PROBABILTY
DOMAIN
15%
S.ID.1 
Represent data with plots on the real number line (dot plots, histograms, and box plots).

S.ID.2 
Use statistics appropriate to the shape of the data distribution to compare center (median, mean) and spread (interquartile range, mean absolute deviation, standard deviation) of two or more different data sets.

S.ID.3 
Interpret differences in shape, center, and spread in the context of the data sets, accounting for possible effects of extreme data points (outliers).

S.ID.5 
Summarize categorical data for two categories in two-way frequency tables. Interpret relative frequencies in the context of the data (including joint, marginal, and conditional relative frequencies). Recognize possible associations and trends in the data.

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

S.ID.6a 
Decide which type of function is most appropriate by observing graphed data, charted data, or by analysis of context to generate a viable (rough) function of best fit. Use this function to solve problems in context. Emphasize linear, quadratic and exponential models.

S.ID.6c 
Using given or collected bivariate data, fit a linear function for a scatter plot that suggests a linear association.

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

S.ID.9 
Distinguish between correlation and causation.

S.ID.8 
Compute (using technology) and interpret the correlation coefficient “r” of a linear fit. (For instance, by looking at a scatterplot, students should be able to tell if the correlation coefficient is positive or negative and give a reasonable estimate of the “r” value.) After calculating the line of best fit using technology, students should be able to describe how strong the goodness of fit of the regression is, using “r”.
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A Correlation Coefficient is the measure of the strength of the linear relationship.
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THE EXPRESSIONS
DOMAIN
20%
N.RN.2
Rewrite expressions involving radicals and rational exponents using the properties of exponents. (i.e., simplify and/or use the operations of addition, subtraction, and multiplication, with radicals within expressions limited to square roots). Use properties of rational and irrational numbers.

N.RN.3 
Explain why the sum or product of rational numbers is rational; why the sum of a rational number and an irrational number is irrational; and why the product of a nonzero rational number and an irrational number is irrational.
A.SSE.1 
Interpret expressions that represent a quantity in terms of its context.

A.SSE.1a 
Interpret parts of an expression, such as terms, factors, and coefficients, in context.

A.SSE.1b 
Given situations which utilize formulas or expressions with multiple terms and/or factors, interpret the meaning (in context) of individual terms or factors.

A.SSE.2 
Use the structure of an expression to rewrite it in different equivalent forms. For example, see
 as , thus recognizing it as a difference of squares that can be factored as 

A.SSE.3
Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity represented by the expression.

A.SSE.3a 
Factor any quadratic expression to reveal the zeros of the function defined by the expression.

A.SSE.3b 
Complete the square in a quadratic expression to reveal the maximum or minimum value of the function defined by the expression.

A.APR.1 
Add, subtract, and multiply polynomials; understand that polynomials form a system analogous to the integers in that they are closed under these operations.
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THE EQUATIONS
DOMAIN
30%
N.Q.1 Use units of measure (linear, area, capacity, rates, and time) as a way to understand problems: a. Identify, use, and record appropriate units of measure within context, within data displays, and on graphs; b. Convert units and rates using dimensional analysis (English-to-English and Metric-to-Metric without conversion factor provided and between English and Metric with conversion factor); c. Use units within multi-step problems and formulas; interpret units of input and resulting units of output.
N.Q.2 Define appropriate quantities for the purpose of descriptive modeling. Given a situation, context, or problem, students will determine, identify, and use appropriate quantities for representing the situation.
N.Q.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. For example, money situations are generally reported to the nearest cent (hundredth). Also, an answers’ precision is limited to the precision of the data given.
A.CED.1 Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear, quadratic, simple rational, and exponential functions (integer inputs only).
A.CED.2 Create linear, quadratic, and exponential equations in two or more variables to represent relationships between quantities; graph equations on coordinate axes with labels and scales. (The phrase “in two or more variables” refers to formulas like the compound interest formula, in which 
A = P(1 + r/n)nt    has multiple variables.)
A.CED.3 Represent constraints by equations or inequalities, and by systems of equations and/or inequalities, and interpret data points as possible (i.e. a solution) or not possible (i.e. a non-solution) under the established constraints.
A.CED.4 Rearrange formulas to highlight a quantity of interest using the same reasoning as in solving equations. Examples: Rearrange Ohm’s law V = IR to highlight resistance R; Rearrange area of a circle formula
 to highlight the radius r.
A.REI.1 Using algebraic properties and the properties of real numbers, justify the steps of a simple, one-solution equation. Students should justify their own steps, or if given two or more steps of an equation, explain the progression from one step to the next using properties. 
A.REI.3 Solve linear equations and inequalities in one variable including equations with coefficients represented by letters. For example, given  ax + 3 = 7, solve for x.
A.REI.4a Solve quadratic equations in one variable.  Use the method of completing the square to transform any quadratic equation in x into an equation of the form    that has the same solutions.
A.REI.4b  Solve quadratic equations by inspection (e.g., for ), taking square roots, factoring, completing the square, and the quadratic formula, as appropriate to the initial form of the equation (limit to real number solutions).
A.REI.5 Show and explain why the elimination method works to solve a system of two-variable 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.10 Understand that the graph of an equation in two variables is the set of all its solutions plotted in the coordinate plane.
A.REI.11 Using graphs, tables, or successive approximations, show that the solution to the equation f(x) = g(x) is the x-value where the y-values of f(x) and g(x) are the same.
A.REI.12 Graph the solution set to a linear inequality in two variables. Build a function that models a relationship between two quantities.

[image: ]
[image: ]

[image: ]
[image: ]
[image: ]
[image: ][image: ]
[image: ]

1. The two lines are graphed on this coordinate plane
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THE FUNCTIONS DOMAIN 35%

F.IF.1 Understand that a function from one set (the input, called the domain) to another set (the output, called the range) assigns to each element of the domain exactly one element of the range, i.e. each input value maps to exactly one output value. If f is a function, x is the input (an element of the domain), and f(x) is the output (an element of the range). Graphically, the graph is  y = f(x).
F.IF.2 Use function notation, evaluate functions for inputs in their domains, and interpret statements that use function notation in terms of a context.
F.IF.3 Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset of the integers. (Generally, the scope of high school math defines this subset as the set of natural numbers 1,2,3,4...) By graphing or calculating terms, students should be able to show how the recursive sequence a1=7, an=an-1 +2; the sequence 
sn = 2(n-1) + 7; and the function f(x) = 2x + 5 (when x is a natural number) all define the same sequence.
F.IF.4 Using tables, graphs, and verbal descriptions, interpret the key characteristics of a function which models the relationship between two quantities. Sketch a graph showing key features including: intercepts; interval where the function is increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior; and periodicity.
F.IF.5 Relate the domain of a function to its graph and, where applicable, to the quantitative relationship it describes. For example, if the function h(n) gives the number of person-hours it takes to assemble n engines in a factory, then the positive integers would be an appropriate domain for the function.
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.
F.IF.7aGraph functions expressed algebraically and show key features of the graph both by hand and by using technology.
Graph linear and quadratic functions and show intercepts, maxima, and minima (as determined by the function or by context).
F.IF.7e Graph functions expressed algebraically and show key features of the graph both by hand and by using technology.
Graph exponential and logarithmic functions, showing intercepts and end behavior, and trigonometric functions, showing period, midline, and amplitude.
F.IF.8aUse the process of factoring and completing the square in a quadratic function to show zeros, extreme values, and symmetry of the graph, and interpret these in terms of a context. For example, compare and contrast quadratic functions in standard, vertex, and intercept forms.
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 function and an algebraic expression for another, say which has the larger maximum.
F.BF.1aDetermine an explicit expression and the recursive process (steps for calculation) from context. For example, if Jimmy starts out with $15 and earns $2 a day, the explicit expression “2x+15” can be described recursively (either in writing or verbally) as “to find out how much money Jimmy will have tomorrow, you add $2 to his total today.” 

F.BF.2 Write arithmetic and geometric sequences recursively and explicitly, use them to model situations, and translate between the two forms. Connect arithmetic sequences to linear functions and geometric sequences to exponential functions. Build new functions from existing functions
F.BF.3 Identify the effect on the graph of replacing f(x) by f(x) + k, k f(x), f(kx), and
 f(x + k) for specific values of k (both positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of the effects on the graph using technology. Include recognizing even and odd functions from their graphs and algebraic expressions for them.
F.LE.1a Distinguish between situations that can be modeled with linear functions and with exponential functions.
Show that linear functions grow by equal differences over equal intervals and that exponential functions grow by equal factors over equal intervals. (This can be shown by algebraic proof, with a table showing differences, or by calculating average rates of change over equal intervals).
F.LE.1b Recognize situations in which one quantity changes at a constant rate per unit interval relative to another.
F.LE.1c Recognize situations in which a quantity grows or decays by a constant percent rate per unit interval relative to another.
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.3 Observe using graphs and tables that a quantity increasing exponentially eventually exceeds a quantity increasing linearly, quadratically, or (more generally) as a polynomial function.
F.LE.5 Interpret the parameters in a linear (f(x) = mx + b) and exponential (f(x) = ) function in terms of context. (In the functions above, “m” and “b” are the parameters of the linear function, and “a” and “d” are the parameters of the exponential function.) In context, students should describe what these parameters mean in terms of change and starting value.

	FUNCTONS STANDARDS F.IF. 1 – F.IF.9
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Functions Standards: F.LE. 1 – F.LE.5

Important Tips 
· Examine function values carefully. 
· Remember that a linear function has a constant rate of change. 
· Keep in mind that growth rates are modeled with exponential functions. 
· Quadratic functions decrease and increase. 
· Remember that the elements of the domain and the values obtained by substituting them into the function rule form the coordinates of the points that lie on the graph of a function. The domain and range can also be determined by examining the graph of a function, by looking for asymptotes on the graph of an exponential function, or by looking for endpoints or continuity for linear, quadratic, and exponential functions, or the vertex of a quadratic function. 
· Be familiar with important features of a function, such as intercepts, domain, range, minimum and maximums, end behavior, asymptotes, and periods of increasing and decreasing values.

Review Examples

Linear Function Example:
Recognizing linear and exponential growth rates is key to modeling a quantitative relationship.
Given a table of values, look for a rate of change in the y, or f(x), column.
[image: ]
The following table shows a constant rate of change, –2, in the f(x) column for each unit change in the independent variable x.  When the change in f(x) is constant, we use a linear model, f(x) = ax + b, where a represents the constant rate of change and b the y-intercept. 
[image: ]
The function is f(x) = –2x + 1.

Exponential Function Example:
Given the graph below, compare the coordinates of points to determine whether there is either linear or exponential growth.

The points represent the profit/loss of a new company over its first 5 years, from 2008 to 2012. The company started out $5,000,000 in debt. After 5 years, it had a profit of $10,000,000. From the arrangement of the points, the pattern does not look linear. We can check by considering the coordinates of the points and using a table of values.
[image: ]
The y changes are not constant for equal x intervals. However, the ratios of successive differences are equal. Therefore, it is confirmed that this is not linear.
[image: ]
Having a constant percent for the growth rate for equal intervals indicates exponential growth. The
relationship can be modeled using an exponential function.
[image: ]

Comparing Functions Examples:
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In the table, h(1) is greater than g(1), which is greater than f(1). The tables can be used to see that each function increases, and the graph provides a visual of the intervals each function decreases or increases. Notice how f(x) increases at a higher rate than g(x) and both increase at a higher rate than h(x). The graph also displays that g(x) is the only function that decreases and increases. The axis of symmetry passes through the vertex, which is the point where g(x) begins to increase as x increases.



How does the growth rate of the function f(x) = 2x + 3 compare with g(x) = 0.5x2 – 3? Use a graph to explain your answer.
[image: ]

The graph of f(x) increases at a constant rate because it is linear. 
The graph of g(x) increases at an increasing rate because it is quadratic. 
The graphs can be shown to intersect at (6, 15), and the value of g(x) is greater than the value of f(x) for x > 6.











Parameters Example:
Parameters may be expressed as letters when a relationship is generalized, they are not variables. A parameter as a constant term generally affects the intercepts of a function. If the parameter is a coefficient, in general it will affect the rate of change. Below are several examples of specific parameters.
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Review Questions

1. Erin had a container of water that was partially full. She used a garden hose to fill the rest of the container at a constant rate. Erin recorded the height of the water at the end of different intervals of time in this table.

[image: ]Part A: What was the height, in centimeters, of the water before Erin started to fill the rest of the container? Round your answer to the nearest whole number. Write your answer in the space provided.
Part B: After how many minutes was the height of the water double what it was before Erin started to fill the rest of the container? Round your answer to the nearest whole minute. Write your answer in the space provided.
Part C: Does this equation model this relationship: h = 2.7m + 35? Explain why or why not. Write your answer in the space provided.
Part A ____________________________________________________________________________________________________________________________________________________________________________________________________
Part B ____________________________________________________________________________________________________________________________________________________________________________________________________
Part C ____________________________________________________________________________________________________________________________________________________________________________________________________
Part D ____________________________________________________________________________________________________________________________________________________________________________________________________

2. The swans on Elsworth Pond have been increasing in number each year. Felix has been keeping track, and so far he has counted 2, 4, 7, 17, and 33 swans each year for the past 5 years. 
a. Make a scatter plot of the swan populations. 
Solution:
[image: ]
b. What type of model would be a better fit, linear or exponential? Explain your answer. 



c. How many swans should Felix expect next year if the trend continues? Explain your answer.


3.  Given the sequence 7, 10, 13, 16, ... 
a. Does it appear to be linear or exponential? 


b. Determine a function to describe the sequence. 


c. What would the 20th term of the sequence be?



4. Which scatter plot BEST represents a model of linear growth?
[image: ][image: ]


5. Which scatter plot BEST represents a model of exponential growth?
[image: ] [image: ] [image: ] [image: ]


6. Which table represents an exponential function?
[image: ]                   [image: ]

7. A table of values is shown for f(x) and g(x).
[image: ]       [image: ]
[image: ]

8. Which statement is true about the graphs of exponential functions? 
A. The graphs of exponential functions never exceed the graphs of linear and quadratic functions. 
B. The graphs of exponential functions always exceed the graphs of linear and quadratic functions. 
C. The graphs of exponential functions eventually exceed the graphs of linear and quadratic functions. 
D. The graphs of exponential functions eventually exceed the graphs of linear functions but not quadratic functions.


9. Which statement BEST describes the comparison of the function values for f(x) and g(x)?
[image: ] [image: ]


10. Alice finds that her flower bulbs multiply each year. She started with just 24 tulip plants. After one year she had 72 plants. Two years later she had 120. Find a linear function to model the growth of Alice’s bulbs.
[image: ]
If the parent function is f(x) = mx + b, what is the value of the parameter m for the line passing through the points (–2, 7) and (4, 3)?

A. – 9                  B.                        C. – 2                       D. 
         

11. Consider this function for cell duplication. The cells duplicate every minute
[image: ]
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Function Standards: F.BF. 1 – F.BF.3
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# Ageyser in a national park erupts fairly regularly. In more recent times, it has become less predictable.
It was observed last year that the time interval between eruptions was related to the duration of the
most recent eruption. The distribution of its interval times for last year is shown in the following graphs.

Geyser Interval Distribution, Last Year

0:40 0:45 0:50 0:55 1:00 1:05 1:10 1:15 1:20 1:25 1:30 1:35 1:40 1:45 1:50 1:55 2:00
Interval (hours:minutes)
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SAMFLE ITEm

1. Awild horse runs at a rate of 8 miles an hour for 6 hours. Let y be the distance, in miles, the horse
travels for a given amount of time, x, in hours. This situation can be modeled by a function.
Which of these describes the domain of the function?

A 0<x<6
B.0<y<6
C o0<x<48
D. 0<y<as
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2. Juan and Patti decided to see who could read more books in a month. They began to keep track
after Patti had already read 5 books that month. This graph shows the number of books Patti read
for the next 10 days and the rate at which she will read for the rest of the month.

Number of Books Read

25

20

21

10

Bool

-x
0 12345678910

Day

If Juan does not read any books before day 4 and he starts reading at the same rate as Patti for
the rest of the month, how many books will he have read by day 122

As
B. 10
c 15
D. 20
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REVIEW EXAMPLES

4 The product of two consecutive positive integers is 132.

. Wiite an equation to model the situation.
b. What are the two consecutive integers?

Solution:

a. Letn represent the lesser of the two integers. Then n + 1 represents the greater of the two
integers. So, the equation is n(n + 1) = 132.

b. Solve the equation for n.

nin+1)
en
n+n-132=0
(n+12)n-11)

32
32

Original equation

Distributive Property.
‘Subtraction Property of Equality
Factor.
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¢ The formula for the volume of a cylinder is V = r*h.
2. Solve the fomua for .

b, If the volume of a cylinder is 200z cubic inches and the height of the cylinder is 8 inches, what is
the radius of the cylinder?
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4 Graph the function represented by the equation y = 3+ - 6x - 9.
‘Solution:
Find the zeros of the equation.
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‘Which of these is NOT a function?

A (53)(6,4.(7.3),84 B
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c.

y=3¢
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The number of school buses needed to transport students on a field trip is given by the function
fix) % ‘where x represents the number of students going on the trip. What is the domain of this

function?

A. xisthe set of all real numbers.

B. xis the set of all integers.

C. xisthe set of all nonnegative integers.

D. xis the set of all nonnegative real numbers.
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KEY IDEAS
There are many ways to show how pairs of quantities are related. Some of them are shown below.

* Mapping Diagrams

« Sets of Ordered Pairs
Setl: {(1, 1), (1, 2), (2, 4), (3, 3)}
Setll: {(1, 1), (1, 5). (2, 3), (3, 3)}
Setlil:{(1, 1), (2, 3), (3, 5)}

* Tables of Values

x|y x|y x|y
11 1)1 1)1
12 1]s 2|3
2|4 2|3 3]s
3|3 3|3
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Geyser Interval Distribution, Last Week

0:40 0:45 0:50 0:55 1:00 1:05 1:10 1:15 1:20 1:25 1:30 1:35 1:40 1:45 1:50 1:55 2:00
Interval (hours:minutes)

a. Does the Last Year distribution seem skewed or uniform?

b. Compare Last Week's distribution to Last Month's distribution.

. What does the Last Year distribution tell you about the interval of time between the geyser's
eruptions?
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4 Amanufacturer keeps track of her monthly costs by using a “cost function” that assigns a total cost
for a given number of manufactured items, x. The function is C(x) = 5,000 + 1.3x.
a. What is the reasonable domain of the function?
b. What is the cost of 2,000 items?

©. If costs must be kept below $10,000 this month, what is the greatest number of items she can
manufacture?
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Consider the first six terms of this sequence: 1, 3, 9, 27, 81, 243,
a. Whats a,? What is a,?

b. What is the reasonable domain of the function?

c. If the sequence defines a function, what is the range?

d. What is the common ratio of the function?
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The function f(n) = ~(1 - 4n) represents a sequence. Create a table showing the first five terms in the
sequence. Identify the domain and range of the function.
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Look at the sequence in this table.

n 1

a, -1

Which function represents the sequence?
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Which function is modeled in this table?

A
B.
c.
D.

) =x+7
) =x+9
f)=2x+5

f)=3x+5

x)

11

14

slw|n|e|x

17
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Which explicit formula describes the pattern in this table?

d c
2 | 628
3 | 942
5 | 15.70

10 | 3140

14 % C
B. 314xC=d
C. 31.4x10=C
D. C=314xd
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If f{1.2) = 4(12) - 20, which function gives f(x)?
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KEY IDEAS

By examining the graph of a function, many of its features are discovered. Features include domain and

range; x- and y-intercepts; intervals where the function values are increasing, decreasing, positive, or

negative; and rates of change. Remember that rate of change is also the slope, which is found by %

Example: Consider the graph of f(x) = x. It appears to be an unbroken line and slanted upward.
Linear Function
flx) =x
fx)
4

4 )

2|
-3
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A company uses the function V(x) = 28,000 - 1,750x to represent the amount left to pay on a truck,
where V{x) is the amount left to pay on the truck, in dollars, and x is the number of months after its
purchase. Use the table of values shown below.

x Vi)
(months) )

28,000
26,250
24,500
22,750
21,000
19,250

a|sfw|v|r|o

a. What is the y-intercept of the graph of the function in terms of the amount left to pay on the truck?
b. Does the graph of the function have an x-intercept, and if so, what does it represent?
©. Does the function increase or decrease?
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A wild horse runs at a rate of 8 miles an hour for 6 hours. Let y be the distance, in miles, the horse
travels for a given amount of time, x, in hours. This situation can be modeled by a function.

Which of these describes the domain of the function?

A 0<x<6
B. 0<y<6
€ 0sx<48
D. 0<y<48
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Important Tip

= The extent to which a data set is distributed normally can be determined by observing its skewness.
Most of the data should lie in the middle near the median. The mean and the median should be fairly
close. The left and right tails of the distribution curve should taper off. There should be only one peak,
‘and it should neither be too high nor too flat.

B e e e

2 3 4567 8 910
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KEY IDEAS.

Winen working with functions, it essentia 10 be able o iterpret the specific quantitative relationship.
regarcless of the manner of s presentation. Understanding different representations of functions, such
s tables, graphs, equations, and verbal descriptions, makes interpretig relationships between quantities
asier. Boginning wit lines, we wil lea how each representation aids our understanding of a unction.
‘Amost alllines are functions; vertical lines are an exception because they assign multple clements of
their range to just one element in their domain. Al inear functions can be writen in the form y = mx + b,
where m and b are real numbers and x s 3 variable o which the function  assigns a coresponding.
value, ).
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What are the key features of the function p(x) = Le-w




image117.png
1. Torent a canoe, the cost is $3 for the oars and life preserver, plus $5 an hour for the canoe.
Which graph models the cost of renting a canoe?

25 25
20 20
A 15 B 15
10 10
5 5
02 4 6 8 10 0 2 4 6 8 10
4
25 25
20 20
c 15 D. 15
10 10
5 B ———

02 2 6 8 10 072 4 6 8 10
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. Juan and Patti decided to see who could read more books in a month. They began to keep track
after Patti had already read 5 books that month. This graph shows the number of books Patti read
for the next 10 days and the rate at which she will read for the rest of the month.

y Number of Books Read
Iy
25
20
v
w15
H
g
@ 10
5
-
0 123456782910
Day

f Juan does not read any books before day 4 and he starts reading at the same rate as Patti for
the rest of the month, how many books will he have read by day 127

AS
B. 10
c 15
D. 20
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KEY IDEAS

An xintercept, root, or zero of a function is the x-coordinate of a point where the function crosses the.
x-axis. A function may have multiple x-intercepts. To find the x-intercepts of a quadratic function, set the
function equal to O and solve for x. This can be done by factoring, completing the square, o using the
quadratic formula.

‘The y-intercept of a function is the y-coordinate of the point where the function crosses the y-axis. A
function may have zero y-intercepts or one yintercept. To find the y-intercept of a quadratic function, find
the value of the function when x equals 0.

A function is increasing over an interval when the values of y increase as the values of x increase over that
interval. The interval is represented in terms of x.

A function is decreasing over an interval when the values of y decrease s the values of x increase over
that interval. The interval is represented in terms of x.

Every quadratic function has a minimum or maximum, which is located at the vertex. When the function
s written in standard form, the x-coordinate of the vertex is ;’ To find the y-coordinate of the vertex,
a

substitute the value of ;’ into the function and evaluate. When the value of a is positive, the graph opens
a

up, and the vertex is the minimum point. When the value of a is negative, the graph opens down, and the
vertex is the maximum point.

‘The end behavior of a function describes how the values of the function change as the xvalues approach
negative infinity and positive infinity.

‘The domain of a function is the set of values for which it is possible to evaluate the function. The domain
of a quadratic function is typically all real numbers, although in real-world applications it may only make

sense to look at the domain values on a particular inteval. For example, time must be a nonnegative
number.
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‘The average rate of change of a function over a specified interval is the change in the y-value divided by

the change in the xvalue for two distinct points on a graph. To calculate the average rate of change of a

function over the interval flom a t0 b, evaluate the expression m = %2
end behavior end behavior
(increasing)  y (increasing)

end behavior end behavior
(decreasing) (decreasing)

Parabolas have this shape when a > 0. Parabolas have this shape when a < 0.
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A ball is thrown into the air from a height of 4 feet at time t = 0. The function that models this
situation is h(t) = 16t + 63t + 4, where t is measured in seconds and h is the height in feet.
a. What s the height of the ball after 2 seconds?

b. When will the ball reach a height of 50 feet?

. What is the maximum height of the ball?

d. When will the ball hit the ground?

. What domain makes sense for the function?
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‘This table shows a company’s profit, p, in thousands of dollars, over time, t, in months.

Time, t Profit, p
(months) | (thousands of dollars)
18
7 66
10 123
15 258
24 627

a. Describe the average rate of change in terms of the given context.
b. What is the average rate of change of the profit between 3 and 7 months?
©. Whatis the average rate of change of the profit between 3 and 24 months?
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Aflying disk is thrown into the air from a height of 25 feet at time ¢ = 0. The function that models
this situation is h(t) = ~16¢ + 75t + 25, where t is measured in seconds and h s the height in
feet. What values of  best describe the time when the disk is flying in the air?

0<t<s
0<t<25

all real numbers

D. all positive integers

o>
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What is the end behavior of the graph of f{x) = -0.25x" - 2x + 12

A As xincreases, fix) increases. As x decreases, f(x) decreases.
B. As xincreases, f(x) decreases. As x decreases, f(x) decreases.
C. As xincreases, fix) increases. As x decreases, f(x) increases.

D. As xincreases, f(x) decreases. As x decreases, f(x) increases.
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REVIEW EXAMPLES

# Josh and Richard each eam tips at their part-time jobs. This table shows their earnings from tips for
five days.

Total Tips by Day
Day Josh’s Tips Richard's Tips
Monday $40 $40
Tuesday $20 $45
Wednesday $36 $53
Thursday $28 $41
Friday $31 $28

a. Who had the greater median earnings from tips? What is the difference in the median of Josh's
‘eamings from tips and the median of Richard’s earnings from tips?

b. What is the difference in the interquartile range for Josh's earings from tips and the interquartile
range for Richard's earings from tips?
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KEY IDEAS

Functions can be represented algebraically, graphically, numerically (in tables), or verbally (by description).
Examples:

Algebraically: fx) = x* + 2x

Verbally (by description): a function that represents the sum of the square of a number and twice the
number

Numerically (in a table):

)

|
[J

3

2 8
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Use this graph to answer the question.

‘Which function is shown in the graph?

A fx)=x~3x-10
B. f()=x*+3x-10
€. f)=x+x-12
D. f()=x*-5x-8
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‘The function f(t) = 16 + 64t + 5 models the height of a ball that was hit into the air, where t is
measured in seconds and h is the height in feet.

‘This table represents the height, g(t), of a second ball that was thrown into the air.

Time, t Height, g(t)
(seconds) (feet)

o 4

1 36

2 36

3 4

Which statement BEST compares the length of time each ball is in the air?

A. The ball represented by f(t) s in the air for about 5 seconds, and the ball represented by g(t)is in
the air for about 3 seconds.

B. The ball represented by f(t) is in the air for about 3 seconds, and the ball represented by g(t) is in
the air for about 5 seconds.

C. The ball represented by fit) s in the air for about 3 seconds, and the ball represented by g(t)is in
the air for about 4 seconds.

D. The ball represented by f(t)is in the air for about 4 seconds, and the ball represented by g(t) is in
the air for about 3 seconds.
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KEY IDEAS

Remember from Unit 2.5, numbers on the left side of the mapping diagrams are the same as the
xcoordinates in the ordered pairs as well as the values in the first column of the tables. Those numbers
are called the input values of a quantitative relationship and are known as the domain. The numbers on
the right of the mapping diagrams, the y-coordinates in the ordered pairs, and the values in the second
column of the table are the output, or range. Every number in the domain is assigned to at least one
number of the range.

A function can be described using a function rule, which represents an output value, or element of the.
range, in terms of an input value, or element of the domain.

A function rule can be written in function notation. Here is an example of a function rule and its notation.

y=2" yis the output and x s the input.
f=2" Read as *f of x."
f(2)=2* “fof 2," the value of the function at x = 2, is the output

when 2 is the input.

Be careful—do not confuse the parentheses used in notation with multiplication.
Functions can also represent realife situations, such as where f(15) = 45 can represent 15 books that
cost $45. Functions can have restrictions or constraints that only include whole numbers, such as the
situation of the number of people in a class and the number of books in the class. There cannot be half a
person or half a book.

Note that all functions have a corresponding graph. The points that lie on the graph of a function are
formed using input values, or elements of the domain, as the x-coordinates, and output values, or
elements of the range, as the y-coordinates.
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A population of bacteria begins with 2 bacteria on the first day and triples every day. The number of
bacteria after x days can be represented by the function P(x) = 2(3)".

a. What is the common ratio of the function?

b. Whatis a, of the function?

©. Write a recursive formula for the bacteria growth.

d. Whatis the bacteria population after 10 days?
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Consider the first six terms of the following sequence: 1, 3, 9, 27, 81,243, ...
a. Whatis a,? What is a,?

b. What is the reasonable domain of the function?

©. Ifthe sequence defines a function, what is the range?

d. What is the common ratio of the function?
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‘The function f(n) = ~(1 - 4°) represents a sequence. Create a table showing the first five terms in the
‘sequence. Identify the domain and range of the function.
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Consider this pattem.

Which recursive formula represents the sequence that represents the pattem?

A a, =@
B. a,= (4%
C. a,=(a)4)"
D. a,=(a)*
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Which function is modeled in this table?

flx)

1,000

640

slo|n|e]x

512

)

1,000(0.80)"
1,000(0.20)"
1,000(0.80y"*
1,000(0.205"*

A flx)
B. fix)
€. fiy
D. fix)
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4 Sophia is a student at Windsfall High School. These histograms give information about the number of
hours spent volunteering by each of the students in Sophia’s homeroom and by each of the students in
the tenth-grade class at her school.

Tenth-Grade Class at
15, Sophia’s Homeroom 4o, Windsfall High School
£ 10 £ 60
§ 55
3 g 3
2 2
26 o 40
4 23
24 2
£ £
22 210
0
0-9 '10-19'20-29" 30 or 0-9 '10-19'20-29" 30 or
more more
Hours Spent Volunteering Hours Spent Volunteering

a. Compare the lower quartiles of the data in the histograms.
b. Compare the upper quartiles of the data in the histograms.
©. Compare the medians of the data in the histograms.
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Which explicit formula describes the pattemn in this table?
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If f(12) = 100(0.50)"2, which expression gives f(x)?

A. f(x) =0.50"
B. fix)=100"

C. fx) =100(x)**
D. f(x) = 100(0.50)"
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KEY IDEAS

By examining the graph of a function, many of its features are discovered. Features include domain and
range; x-and y-intercepts; intervals where the function values are increasing, decreasing, positive, or
negative; end behavior; relative maximum and minimum; and rates of change.
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The amount accumulated in a bank

‘account over a time period t, in months, and based on an initial

deposit of $200 is found using the formula A(t) = 200(1.025, t > 0. Time, t, is represented on the
horizontal axis. The accumulated amount, A(t), is represented on the vertical axis.
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d

‘What are the intercepts of the function?
What is the domain of the function?
Why are all the tvalues nonnegative?
What i the range of the function?
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A population of squirrels doubles every year. Initially, there were 5 squirrels. A biologist studying
the squirrels created a function to model their population growth: P(t) = 5(2), where t is the time
in years. The graph of the function is shown.

PO
I}

100

35838

% 25% 255 5 75

Which values best describe the range of the population?

A. any real number

B. any whole number greater than 0

€. any whole number greater than 5

D. any whole number greater than or equal to 5
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‘The function graphed on this coordinate grid shows f(x), the height of a dropped ball, in feet, after
its xth bounce.

fx)
_ 25
&

15

X
0 2 4

Number of Bounces

On which bounce was the height of the ball 10 feet?

A bounce 1
B. bounce 2
€. bounce 3
D. bounce 4
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‘Two quantities increase at exponential rates. This table shows the value of Quantity A, fix), after
xyears.

Quantity A
x o 1 2 3 a
fix) 10000 | 15000 | 225.00 [ 33750 | s506.25

This function represents the value of Quantity B, g(x), after x years.
£ =50(2)°

Which quantity will be greater at the end of the fourth year and by how much?
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Look at the graph.
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KEY IDEAS

The domain and range f dferent functions can be dentfied by key features. In some cases, the domain
and range can be determined by the context a function represents.

Look at the thee functions and theirgraghs.
Mexe2 o e-r ezt

1

I )

ioeused

FXREEE]

=

Al thrse functions have the same domsin: the se of al eal numbers. Al the functions have exacty ane

unique outputforovey nput. However, notal thea functions have he same range.

+ The ango of ) = -x + 2 5l real numbers. Ths unction has o maximum o miimum.

+ Therange of ) = " i g1) < 0. Nticethe graph has a maximum of 0. Tis means there willbe o
value ofy greate than 0.

+ Tho ango of ) = 2+ 115 ) > 1. T funcion has an asymplote at y = 1. Tris means the
function will got close and closa to 1 but will nevr equal 1. Sitce the graph s ncroasing. th range.
willbe al values greater than 1.
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SAMPLE ITEMS

1. This table shows the average low temperature, in °F, recorded in Macon, GA, and Charlotte, NC,
over a six-day period.

Day 1/2|3[a|5]s
Temperature in Macon, GA (°F) 71|72 |66 |69 7173
Temperature in Charlotte, NC (°F) 69 64|68 |74 71|75

Which conclusion can be drawn from the data?

A. The interquartile range of the temperatures is the same for both cities.
B. The lower uartile for the temperatures in Macon is less than the lower quartile for the
temperatures in Charlotte.

C. The mean and median temperatures in Macon were higher than the mean and median
temperatures in Charlotte.

D. The upper quartile for the temperatures in Charlotte was less than the upper quartile for the.
temperatures in Macon.
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Which function is modeled in this table?
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If f12) = 4(12) - 20, which function gives f(x)?
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A sample of 1,000 bacteria becomes infected with a virus. Each day, one-fourth of the bacteria
‘sample dies due to the virus. A biologist studying the bacteria models the population of the
bacteria with the function P(t) = 1,000(0.75)', where t s the time, in days.

‘What is the range of this function in this context?

‘any real number such that t > 0
‘any whole number such that t > 0

. any real number such that 0 < P(t) < 1,000
D. any whole number such that 0 < P(t) < 1,000

[ 24
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‘The graph shows the height, y, in meters, of a rocket above sea level in terms of the time, t, in
seconds, since it was launched. The rocket landed at sea level.
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‘What does the x-intercept represent in this situation?

A
B.
c.

the height from which the rocket was launched
the time it took the rocket to retun to sea level
the total distance the rocket flew while it was in flight

the time it took the rocket to reach the highest point in its flight
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x y Change iny

0 | -5,000,000 —

1 | -4,000,000 ~4,000,000 - (-5,000,000) = 1,000,000
2 | -2,000,000 ~2,000,000 - (-4,000,000) = 2,000,000
3 2,000,000 2,000,000 - (-2,000,000) = 4,000,000
4 | 10,000,000 10,000,000 - (2,000,000) = 8,000,000
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P(x) = 1,000,000(2") - 6,000,000.
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Linear Quadratic Exponential
x| hx)=x+2 X | g0x)=0.25x+2x x | fg=2
1 3 1 2.25 1 2

2 4 2 5.00 2 4

3 5 3 8.25 3 8

4 6 4 12.00 4 16

5 7 5 16.25 5 32

6 8 6 21.00 6 64
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2. Aschool was having a coat drive for a local shelter. The amount of coats each homeroom
collected for the freshman and sophomore classes are shown.

« Freshman Homerooms: 4,8, 6,8,7,3
« Sophomore Homerooms: 6, 9, 3, 6, 11, 7

Which statement is true about the average number of coats collected by the freshman and
‘sophomore homerooms?

A. The freshmen averaged 1 more coat collected than the sophomores.

B. The freshmen averaged the same number of coats collected as the sophomores.
C. The sophomores averaged 1 more coat collected than the freshmen.

D. The sophomores averaged 3 more coats collected than the freshmen.
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Parameter(s)

coefficient 3, constant 5

coefficient g. constant 32

Vi) =vyrat

coefficient a, constant v,

y=mx+b

coefficient m, constant b
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Elapsed Time Height of Water
(minutes) (cm)
3 43.1
7 53.9
9 59.3
15 75.5
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3. Areading teacher recorded the number of pages read in an hour by each of her students. The
numbers are shown below.

44,49, 39, 43,50, 44, 45, 49, 51
For this data, which summary statistic is NOT correct?

A. The minimum is 39.

B. The lower quartile is 4.
C. The median is 45.

D. The maximum is 51.
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Which statement compares the graphs of f(x) and g(x) over the interval [0, 5]

A
B.
c.

The graph of fix) always exceeds the graph of g(x) over the interval [0, 5.
The graph of g(x) always exceeds the graph of f(x) over the interval [0, 5.

The graph of g(x) exceeds the graph of f(x) over the interval [0, 4], the graphs intersect at a point
between 4 and 5, and then the graph of f(x) exceeds the graph of g(x).

The graph of fix) exceeds the graph of g(x) over the interval [0, 4], the graphs intersect at a point
between 4 and 5, and then the graph of g(x) exceeds the graph of f(x).
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A
B.
c.
D.

The values of f{x) will always exceed the values of g(x).

The values of g(x) will always exceed the values of f(x).

The values of f{x) exceed the values of g(x) over the interval [0, 5].

The values of g(x) begin to exceed the values of fix) within the interval [4, 5].
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4. A science teacher recorded the pulse of each of the students in her classes after the students had
climbed a set of stairs. She displayed the results, by class, using the box plots shown.

Pulse Rates
Class 1 . o]
Class 2 -~ ——e
Class 3 . .
Class 4 . .

60 65 70 75 80 85 90 95100

Which class generally had the highest pulse after climbing the stairs?

A. Class 1
B. Class 2
C. Class 3
D. Class 4
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The 75 is the initial number of cells, and the 2 indicates that the number of cells doubles every
minute.

The 75 is the initial number of cells, and the 2 indicates that the number of cells increases by 2
every minute.

The 75 is the number of cells at 1 minute, and the 2 indicates that the number of cells doubles
every minute.

The 75 is the number of cells at 1 minute, and the 2 indicates that the number of cells increases
by 2 every minute.
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1. Which function represents the sequence?
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fln)=n+3
fln)=7n-4
fln)=3n+7
fln)=n+7
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A manufacturer keeps track of her monthly costs by using a “cost function” that assigns a total cost
for a given number of manufactured items, x. The function is C(x) = 5,000 + 1.3x.

a. What is the reasonable domain of the function?
b. What is the cost of 2,000 items?

c. If costs must be kept below $10,000 this month, what is the greatest number of items she can
manufacture?
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Look at the sequence in this table.

n 112

a -1 1

n

Which function represents the sequence?

A. a=a  +1
n n-1

B. a,=a, _,+2

C. a=2a -1
n n-1

D. a,=2a,_,-3
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Consider the first six terms of this sequence: 1, 3,9, 27, 81, 243, . ..

a. Whatis a,? What is a,?

What is the reasonable domain of the function?

If the sequence defines a function, what is the range?
What is the common ratio of the function?

a oo
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Which function is modeled in this table?

BN X

fixX)=x+7
fix)=x+9
fix)=2x+5
fix)=3x+5
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Which explicit formula describes the pattern in this table?

d c
2 6.28
3 9.42
5 15.70
10 31.40
A. d=3.14xC
B. 3.14xC=d
C. 31.4x10=C
D. C=3.14xd
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If f(12) = 4(12) - 20, which function gives f(x)?

A. flx) = 4x

f(x) = 12x

f(x) = 4x - 20
f(x) = 12x - 20

cCow
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Annie is framing a photo with a length of 6 inches and a width of 4 inches. The distance from the
edge of the photo to the edge of the frame is x inches. The combined area of the photo and frame is
63 square inches.

6in.

4in.

-
X
s

a. Write a quadratic function to find the distance from the edge of the photo to the edge of the frame.
b. How wide are the photo and frame together?
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A scuba diving company currently charges $100 per dive. On average, there are 30 customers per day.

The company performed a study and learned that for every $20 price increase, the average number of
customers per day would be reduced by 2.

a. The total revenue from the dives is the price per dive multiplied by the number of customers. What
is the revenue after 4 price increases?
b. Write a quadratic equation to represent x price increases.

What price would give the greatest revenue?
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5. Peter went bowling, Monday to Friday, two weeks in a row. He only bowled one game each time he
went. He kept track of his scores below.

Week 1: 70, 70, 70, 73, 75
Week 2: 72,64, 73,73, 75

What is the BEST explanation for why Peter’s Week 2 mean score was lower than his Week 1 mean
score?

A. Peter received the same score three times in Week 1.
B. Peter had one very low score in Week 2.

C. Peter did not beat his high score from Week 1 in Week 2.
D. Peter had one very high score in Week 1.
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What explicit expression can be used to find the next term in this sequence?

2,8,18,32,50,...

2n
2n+6
2n?
2n2+1

oo w>
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The function s(t) = vt + h - 0.5at” represents the height of an object, s, in feet, above the ground
in relation to the time, t, in seconds, since the object was thrown into the air with an initial
velocity of v feet per second at an initial height of h feet and where a is the acceleration due to
gravity (32 feet per second squared).

A baseball player hits a baseball 4 feet above the ground with an initial velocity of 80 feet per
second. About how long will it take the baseball to hit the ground?

A. 2 seconds
B. 3 seconds
C. 4 seconds
D. 5 seconds




image187.png
A café’s annual income depends on x, the number of customers. The function I(x) = 4x? - 20x
describes the café’s total annual income. The function C(x) = 2x* + 5 describes the total amount
the café spends in a year. The café’s annual profit, P(x), is the difference between the annual
income and the amount spent in a year.

Which function describes P(x)?

A. Px)=2-20x-5

B. P(x) = 4x3-20x?

C. Px)=6x2-20x +5

D. P(x) = 8x* - 40x° - 20x* — 100x
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Which statement BEST describes the graph of f(x + 6)?

A. The graph of f(x) is shifted up 6 units.
The graph of f(x) is shifted left 6 units.
The graph of f(x) is shifted right 6 units.
The graph of f(x) is shifted down 6 units.

cow

Which of these is an even function?

A. f(x) =5x%-x
f(x) = 3x% + x
fix) =6x2-8
f(x) = 4x% + 2x2

cow
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Which statement BEST describes how the graph of g(x) = —3x? compares to the graph of f(x) = x2?

A. The graph of g(x) is a vertical stretch of f(x) by a factor of 3.
B. The graph of g(x) is a reflection of f(x) across the x-axis.

C. The graph of g(x) is a vertical shrink of f(x) by a factor of% and a reflection across the x-axis.

D. The graph of g(x) is a vertical stretch of f(x) by a factor of 3 and a reflection across the x-axis.
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Which function represents this sequence?

54 | 162 | 486

cowm>

. f(n) =6(3""%)
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The points (0, 1), (1, 5), (2, 25), and (3, 125) are on the graph of a function. Which equation
represents that function?
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The function f(x) is graphed below.
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Which graph shows (x) + 2?2
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Consider the first six terms of the following sequence: 1, 3, 9, 27, 81, 243, ... .
a. Whatis a,? What is 2,2

b. What s the reasonable domain of the function?

. If the sequence defines a function, what Is the range?

d. What is the common ratio of the function?
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6. This histogram shows the frequency distribution of duration times for 107 consecutive eruptions

Frequency

of the OId Faithful geyser. The duration of an eruption is the length of time, in minutes, from the
beginning of the spewing of water until it stops. What is the BEST description for the distribution?

P Duration of 107 Consecutive Old Faithful Eruptions

20

&

3

0
1344 1670 1996 2322 2648 2974 3300 3626 3952 4.278 4604 4.930
Duration (minutes)

A. bimodal
B. uniform

. multiple outlier

D. skewed to the right
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Consider this pattern.

Which recursive formula represents the sequence that represents the pattem?

A 3 =@y
B. 3,= (%Y
c. a,=(@)a" Y
D. 3,=(@)"
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Which function is modeled in this table?

x fx)
1 | 1,000
2 | 800
3 | s40
a4 | s12

A. fix) = 1,000(0.80)

B. fx) = 1,000(0.20)

C. fix) = 1,000(0.80) *

D. fix) = 1,000(0.20)
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1 f(12) = 100(0.50)™2, which expression gives f(x)?

A. fix)=0.50"

B. f(x)= 100"

C. f(x)=100(x)*?
D. f(x)=100(0.50)"




image198.png
formula describes the pattern in this table?

d [
0 1
1 6
2 36
3 216

A. C=6d

B. C=d+6

c. c=67

D. C=d°®
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Which function is modeled in this table?

x fx)
1 8
2 40
3 200
4 1,000

A fx)=x+7

B. f()=5x+8

c. =@

0. 9= 61

1f f(12) = 4(12) - 20, which function gives f(x)?

B.
C. f(x)=4x-20
D. f(x)=4x* +12x-20
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Which function has a range of f(x) < %?
A fix)= —x+5

3
B )=+

3
c. nx),xtz
D. f(x)= ”5x
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Miranda has an investment that eams 8% interest each year. She calculates that over the first 5 years,
her $1,000 investment will eam an average of approximately $94 per year. At this rate, she thinks it
will take more than 10 years to double her money.

The graph shows the function modeling her investment, V(0) = 1,000(1.08), where t represents the
time n years.

T x
0 1 2 3 4 5 6 7 8 @ 10

. Approximately how many years does it actually take for Miranda to double her inital investment?
b. Explain why Miranda’s estimate was incorrect.
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A sample of 1,000 bacteria becomes infected with a virus. Each day, one-fourth of the bacteria
sample dies due to the virus. A biologist studying the bacteria models the population of the
bacteria with the function P(t) = 1,000(0.75), where t is the time, in days.

What is the range of this function in this context?

A. any real number such that t > 0

B. any whole number such that t > 0

C. any real number such that 0 < P(t) < 1,000
D. any whole number such that 0 < P(t) < 1,000
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The graph shows the height, y, in meters, of a rocket above sea level in terms of the time, t, in
seconds, since it was launched. The rocket landed at sea level.
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What does the x-intercept represent in this situation?

A. the height from which the rocket was launched

B. the time it took the rocket to return to sea level

C. the total distance the rocket flew while it was in flight

D. the time it took the rocket to reach the highest point in its flight
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Aline of best it (trend or regression line) is a straight line that best represents the data on a scatter
plot. This line may pass through some of the points, none of the points, or all of the points. In the previous
examples, only the Class 1 scatter plot looks like a linear model would be a good fit for the points. In

the other classes, a curved graph would seem to pass through more of the points. For Class 2, perhaps a
quadratic model or an exponential model would produce a better-itting curve. Since Class 3 appears to
have no correlation, creating a model may not produce the desired results.

When a linear model is indicated, there are several ways to find a function that approximates the y-value
for any given x-value. A method called regression is the best way to find a line of best fit, but it requires
extensive computations and is generally done on a computer or graphing calculator.
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4 The environment club is interested in the relationship between x, the number of canned beverages sold

in the cafeteria, and y, the number of cans that are recycled. The data they collect are listed in this
chart.

Beverage Can Recycling
Number of Canned Beverages Sold | 18 | 15 |19 | 8 |10 |13 | 9 | 14
Number of Cans Recycled 8| 6|10|6 | 3

~
@
I

Determine an equation of a line of best fit for the data.
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4 Afastfood restaurant wants to determine whether the season of the year affects the choice of soft-
drink size purchased. It surveyed 278 customers, and the table shows the results. The drink sizes were
‘small, medium, large, and jumbo. The seasons of the year were spring, summer, and fall. In the body of
the table, the cells st the number of customers who fit both row and column titles. On the bottom and
in the right margin are the totals.

Spring | Summer | Fall | TOTALS
Small 2 22 18 64
Medium | 23 28 19 70
Large 18 27 29 74
Jumbo 16 21 33 70
TOTALS | 81 98 99 | 278

. In which season did the most customers purchase jumbo drinks?

b. What percentage of those surveyed purchased small drinks?

. What percentage of those surveyed purchased medium drinks in the summer?
d. What do you think the fast-food restaurant learned from its survey?
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2. This graph plots the number of wins last year and this year for a sample of professional
football teams.
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Which equation BEST represents a line that matches the trend of the data?

A y=x+2
B y=x+7

C. y=06x-02
D. y=0.6x+24
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The correlation between two variables s related to the slope and the goodness of the fit of a regression
line. However, data in scatter plots can have the same regression lines and very different correlations. The
correlation’s sign will be the same as the slope of the regression line. The correlation’s value depends on

the dispersion of the data points and their proximity to the line of best fit.
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Correlation is when two or more things or events tend to occur at about the same time and might be
‘associated with each other but are not necessarily connected by a cause/effect relationship. Causation
is when one event occurs as a direct result of another event. For example, a runny nose and a sore
throat may correlate to each other but that does not mean a sore throat causes a runny nose or a runny
nose causes a sore throat. Another example is it s raining outside and the ground being wet. There is a
correlation between how wet the ground gets and how much it rains. In this case, the rain is what caused
the ground to get more wet, so there is causation.
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REVIEW EXAMPLES
4 This scatter plot suggests a relationship between the variables age and income.
Yearly Income vs. Age
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. What type of a relationship is suggested by the scatter plot (positive,/negative, weak/strong)?
. What is the domain of ages considered by the researchers?

. Whatis the range of incomes?

. Do you think age causes income level to increase? Why or why not?

ap oo
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SAMPLE ITEMS

1. This graph plots the number of wins last year and this year for a sample of professional
football teams.

Wins Each Year
y
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Wins Last Year

Based on the line of best fit, which is the BEST prediction for wins this year for a team that won
4 games last year?

A2
B. 4
c s
D. 7
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2. Which BEST describes the correlation of the two variables shown in the scatter plot?
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3. Which statement describes an example of causation?

A. When the weather becomes warmer, more meat is purchased at the supermarket.

B. More people g0 to the mall when students go back to school.

C. The greater the number of new television shows, the lesser the number of moviegoers.
D. After operating costs are paid at a toy shop, as more toys are sold, more money is made.




image30.png
Constructed-Response

Maria and Jeff collect data on the number of cars that pass through an intersection every Monday
‘morning for 2 months. They record the findings as 78, 158, 63, 71, 56, 67, 75, and 64. They each
use different methods to summarize the typical number of cars that pass through the intersection at
the specified time and compare their findings. Jeff says that, on average, 79 cars pass through the
intersection each Monday morning. Maria disagrees and says that the mean should not be used and
uses the median instead to describe the typical number of cars that pass through the intersection on
any given Monday morning.

PartA  What is the median value of the data? Write your answer in the space provided.
PartB  Explain why the median should be used instead of the mean. Write your answer in the space
provided.

Part A

PartB
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A polynomial is an expression made from one or more terms that involve constants, variables, and
exponents. Examples: 3x, x° + 5x2 + 4, a%b — 2ab + b?

To add and subtract polynomials, combine like terms. In a polynomial, like terms have the same variables
and are raised to the same powers.
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An algebraic expression contains variables, numbers, and operation symbols. For example, two
expressions are 5x* ~ 10x + 15 and 30x° + 6x.

Aterm in an algebraic expression can be a constant, a variable, or a constant multiplied by a variable o
variables. Every term is separated by a plus sign. For example, in the expression 5x° - 3x + 8, the terms
are 5x° -3x, and 8.

A coefficient is the constant number that is multiplied by a variable in a term. For example, in the.
expression 5x? - 3x + 8, the coefficient of the x? term is 5 and the coefficient of the x term is -3.

A common factor is a variable or number that terms can be divided by without a remainder. Factors are
numbers multiplied together to get another number. Example: For the terms 30x? and 6x, the common
factors are 1,2, 3, 6, and x.

A common factor of an expression is a number o term that the entire expression can be divided by
without a remainder. Example: For the expression 30x? + 6x, a common factor of the expression is 6x
because 30x° + 6x = 6x (5x + 1). Notice that any of the common factors discussed in the previous
example would be common factors of the expression.
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Is the sum of |3 and  rational or irrational?
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Rewrite the expression (x* + 2x% = x) - (=x° + 2% + 6).
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Is the sum of 0.0675 and 8 rational or irrational?
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What is a rewritten form of the radical?

A -8816
B. -90.75
c. -986\6

D. 2,904

-81726
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Which sum is rational?

A n+18

B. 125+ 1.75
c. V3+55
D. 7412
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Look at the expression.

Which of these is equivalent to this expression?
A 2128

B 5

c. 810

D. 3210
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Which product is irrational?
A V24150
B. V6414
c. V9 +Va9
D. V10+18
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Consider the expression 3n? +n + 2.
a. What s the coefficient of n?
b. What terms are being added in the expression?
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1. In which expression is the coefficient of the n term ~1?

3n*+4n-1
-n*+5n+4
2n%-n+5
an?+n-5
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2. The expression s* is used to calculate the area of a square, where s is the side length of the
square. What does the expression (8x)? represent?

A. the area of a square with a side length of 8

B. the area of a square with a side length of 16
C. the area of a square with a side length of 4x
D. the area of a square with a side length of 8x
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What is the product of 7x -4 and 8x + 52

A 15x+1
B. 30x+2
C. 56+ 3x-20
D. 56x2-3x+20
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The dimensions of a rectangle are shown.

3x+8

5x+2

What is the perimeter, in units, of the rectangle?
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The dimensions of a patio, in feet, are shown below.

Ax+1

What is the area of the patio, in square feet?

2x-3
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Amodel of a house is shown.

6x—4

= r12x+3

14x+13

What is the perimeter, in units, of the model?

A 32x+12
B. 46x+25
C. 50x+11
D. 64x+24
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3. Which expression has the same value as the expression (8x° + 2x - 6) - (5x% - 3x + 2)?

A 3¢-x-4

B. 3¢ +5x-8
C. 13¢-x-8
D. 13 -5x-4
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Factor the expression 6x° + 46x + 28.
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Write f(x) = 2x* + 12x + 1 in vertex form.
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‘Which of these shows the complete factorization of 6x’y* - 9xy - 427

A 3202 - T)xy2 +2)
B. (3y+6)2y-7)
C. 32y -T)xy +2)
D. (39 +6)(20° - 7)
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What is the vertex of the graph of f(x) = x + 10x - 92

A. (5,66)
B. (5,-9)
C. (-5,-9)
D. (-5,-34)
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What are the zeros of the function represented by the quadratic expression 2x* + x - 37
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What are the zeros of the function represented by the quadratic expression x* + 6x - 277
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KEY IDEAS
Two measures of central tendency that help describe a data set are mean and median.

* The mean i the sum of the data values divided by the total number of data values.

= The median is the middie value when the data values are written in order from least to greatest. If a
data set has an even number of data values, the median s the mean of the two midde values.

The first quartile, or the lower quartile, Q.. is the median of the lower half of a data set.

Example: Ray's scores on his mathematics tests were 70, 85, 78, 90, 84, 82, and 83. To find the first
quartile of his scores, wite them in order from least to greatest:

70,78, 82, 83, 84, 85,90
The scores in the lower half of the data set are 70, 78, and 82. The median of the lower half of the scores
is78.

So, the first quartile is 78.

‘The third quartile, or the upper quartile, Q. is the median of the upper half of a data set.

Example: Referring to the previous example, the upper half of Ray's scores is 84, 85, and 90. The median
of the upper half of the scores is 85.

So, the third quartleis 85.
There is a review example in this section that describes how to find Q, and Q, where you must average
values to find the median of the upper and lower quartils.

The interquartile range (IQR) of a data set is the difference between the third and first quarties,
0rQ,- Q.

Example: Referring again to the example of Ray's scores, to find the.
quartile from the third quartle. The interquartle range of Ray's scores is 85 - 7

rquartile range, subract the first
.
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Which value is an irrational number?

A 44T

1

B. 1218
V12
5

w\

c.

D. \3-13
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The expression -x* + 70x - 600 represents a company’s profit for selling x items. For which
number(s) of items sold is the company’s profit equal to $0?

A Oitems

B. 35items

C. 10 items and 60 items

D. 20 items and 30 items
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Which of these is the result of completing the square for the expression x* + 8x - 307

A. (x+472-30
B. (x+4)°-46
C. (x+87-30
D. (x+8)7-94
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Selected-Response

sandra makes necklaces and sells them at a school craft fair. She uses the equation
P =7.5n - (2.25n + 15) to determine her total profit at the fair when n necklaces are sold. Based on
this equation, how much does she charge for each necklace?

A. $2.25
B. $7.50
C. $15.00
D. $17.25
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Complete the square:

X3+ T
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Look at one of the formulas for the perimeter of a rectangle where | represents the length and w
represents the width.

20+w)
What does the 2 represent in this formula?
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Which expression is equivalent to 121x* - 64y*?

A (11x- 16))(11x + 16y)
B. (11x-16))(11x - 16y)
C. (11x+8y)(11x +8y)
D. (11x+ 8y)(11x - 8y)
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Which expression is a factor of 24x® + 16x + 1442

A 16

B. 8

C. 3¢ +2x+18
D. 8(x-2)(3¢+9)
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Factor the expression 16a% - 81.
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Factor the expression 12x + 14x - 6.
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The most common displays for quantitative data are dot plots, histograms, box plots, and frequency
distributions. A box plot is a diagram used to display a data set that uses quartiles to form the center box
‘and the minimum and maximum to form the whiskers.

Example: For the data about Ray's mathematics scores, the box plot would look like the one shown below:

Ray's Mathematics Test Scores
‘minimum median  maximum
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Part B
A function is shown.
)= 33+ 16x - 12

What are the zeros of function f{x)?
® Zanas

® Zanas

© 2o

2
@ Zonss
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| A quadratic expression is shown.
3 -2x-5

Move an expression into each box to show the factored form of the given quadratic expression.

32 -2x-5=

@x-5 (e85 (x-1)

(1) @x+5)  (x-1)
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What are the zeros of the function represented by the quadratic expression 2+ - 5x - 3?
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Multi-Part Technology-Enhanced
A quadratic function is shown.

fix) =x*+8x + 15

Part A
What is the factored form of f{x) that reveals the zeros of the function?

A fiX)= (x +4)x +2)
B. flx)= (x+3)x +5)
C. fX)=(x+2)x +6)
D. fix) = (x + 1)(x + 15)

Part B
What is the equivalent form of f(x) that reveals the minimum value of the function?

A fix)=(x+47-1
B. )= (x+3)°

C. f)=(x+27°+3
D. f)=(x+1°+8
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Selected-Response

The total area of two rectangles can be represented by the expression (x)(3 + 1) + (2x)(x + 3). Which
expression represents the total area of the two rectangles?

A T

B. 6 +6¢°
C. 6+ 7x
D. 5+ 7x
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Unit 2: Reasoning with Linear Equations and Inequalities

Important Tips
= I you multiply or divide both sides of an inequality by a negative number, make sure you reverse the.
inequality sign.
= Be familiar with the properties of equality and inequality o you can transform equations or
inequalities.
« The addition property of equality tells us that adding the same number to each side of an
‘equation gives us an equivalent equation.
Example: ifa~b=c,thena-b+b=c+b,ora=c+b
« The multiplication property of equality tells us that multiplying the same number to each side of
an equation gives us an equivalent equation.

Example: lf%:c,mnsub:c-b,ora:c-h

« The multiplication inverse property tells us that multiplying a number by its reciprocal equals 1.

Example: %(a) -1

«  The additive inverse property tells us that adding a number to its opposite equals 0.
Example: a + (-a) = 0
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4 Two cars start at the same point and travel in opposite directions. The first car travels 15 miles per
hour faster than the second car. In 4 hours, the cars are 300 miles apart. Use the formula below to
determine the rate of the second car.

4(r+15) + 4r =300

‘What is the rate, , of the second car?

Solution:
The second car is traveling 30 miles per hour.
4(r+15) + ar= 300 Wit the original equation.
4r+60 + 4r =300 Multiply 4 by r + 15.
8+60=300 Combine ke terms.

Subtract 60 from each side.
Divide each side by 8.
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4 Solve the equation 14 = ax + 6 for x. Show and justify your steps.

Solution:
14=ax+6
14-6=ax+6-6

Wite the original equation.
Subtraction Property of Equality
Combine like terms on each side.

Division Property of Equality; a = 0

Simpli
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1. This equation can be used to find h, the number of hours it will take Flo and Bryan to mow their
lawn.

h
3
How many hours will it take them to mow their lawn?

sty
6

BN wo
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Ahistogram is a graphical display that subdivides the data into class intervals, called bins, and uses a
rectangle to show the frequency of observations in those intervals—for example, you might use intervals of
0-3,4-7, 811, and 12-15 for the number of books students read over summer break.

Books Read over

‘Summer Break
10,

Number of Students

0-3 ' 47 ' 8-11 '12-15
Number of Books




image75.png
2. Aferry boat carries passengers back and forth between two communities on the Peachville River.

It takes 30 minutes longer for the ferry to make the trip upstream than downstream.
+ The ferry’s average speed in still water is 15 miles per hour.
+ The river's current is usually 5 miles per hour.

This equation can be used to determine how many miles apart the two communities are.
m m

15-5 15+5
What is m, the distance between the two communities?

+05

A 0.5 mile
B.
c.
D.
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5. Forwhat vaes of o th ity 2+ 2> 1 e?
A x<1
B. x>1

D. x>5
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4. Look at the steps used when solving 3(x - 2) = 3 for x.

3x-2)=3 Wite the original equation.
3x-6=3 Use the Distributive Property.
3x-6+6=3+6 Step 1
Step2
step3
stepa

‘Which step is the result of combining like terms?

A step1
B. Step2
C. Step3
D. Step4
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4 Consider the equations y = 2x -3 and y = —x + 6.

a

y=2x-3 y=x+6
x v x y
-1 -1
o o
1 1
2 2
3 3

Is there an ordered pair that satisfies both equations? If so, what is it?

Graph both equations on the same coordinate plane by plotting the ordered pairs from the tables
and connecting the points.

Do the lines appear to intersect? If so, where? How can you tell that the point where the lines

appear to intersect is a common point for both lines?
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Which point appears to be a solution of the equations of both lines?

A (0,-2)
B. (0.4)
c. (2.0
D. 3.1)
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2. Based on the tables, at what point do the lines y = -x + 5 and y = 2x - 1 intersect?

y=x+5 y=2x-1
x y x y
-1 6 -1 -3
o 5 o -1
1 4 1
2 3 2
3 2 3
A (11)
B. (3,5
c (23

D. (3.2
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3. Which ordered pair is a solution of 3y + 2 = 2x- 52

A (-5,2)
B. (0,-5)
c (5.1)
D. (7.5
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4. A manager is comparing the cost of buying baseball caps from two different companies.

« Company X charges a $50 fee plus $7 per baseball cap.
« Company Y charges a $30 fee plus $9 per baseball cap.

For what number of baseball caps will the cost be the same at both companies?

A 10
B. 20
c. 40
D. 100

5. A shop sells one-pound bags of peanuts for $2 and three-pound bags of peanuts for $5. If 9 bags
are purchased for a total cost of $36, how many three-pound bags were purchased?
A3
B 6
c o
D. 18
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6. Which graph represents a system of linear equations that has mutiple common coordinate pairs?

y y
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5303
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‘Skewness refers to the type and degree of a distribution’s asymmetry. A distribution is skewed to the

left i it has a longer tail on the left side and has a negative value for its skewness. If a distribution has a
longer tail on the right, it has positive skewness. Generally, distributions have only one peak, but there are
distributions called bimodal or multimodal where there are two or more peaks, respectively. A distribution
can have symmetry but not be a normal distribution. It could be too flat (uniform) o too spindly. A box plot
can present a fair representation of a data set’s distribution. For a normal distribution, the median should
be very close to the middle of the box and the two whiskers should be about the same length.

LA

skewed to the left ‘skewed to the right

VAVANRVAN

bimodal representation normal representation
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KEY IDEAS

The graph of a linear equation in two variables is a collection of ordered pair solutions in a coordinate
plane. It is a graph of a straight line. Often tables of values are used to organize the ordered pairs.

Example: Every year, Silas buys fudge at the state fair. He buys two types: peanut butter and chocolate.
This year he intends to buy $24 worth of fudge. If chocolate costs $4 per pound and peanut butter costs
$3 per pound, what are the different combinations of fudge that he can purchase if he only buys whole
pounds of fudge?

If we let x be the number of pounds of chocolate and y be the number of pounds of peanut butter, we
can use the equation 4x + 3y = 24. Now we can solve this equation for y to make it easier to complete
our table.

ax+3y=24 Write the original equation.
Ax-ax+3y=24-4x ‘Addition Property of Equality
3y=24-4x Additive Inverse Property
3y _24-4x

Multiplication Property of Equality

Multiplicative Inverse Property
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Let’s consider graphing the inequality x + 2y < 4.

First, graph the line using x- and y-intercepts. For the x-intercept, solve for y = 0. For the y-intercept, solve.
forx=0.

x+20)<4 ©+2<4
x<a y<a
y<2

This gives the points (4, 0) and (0, 2).Since the inequality is a strict inequality, we use a dotted line
through the two points. This means anytime we use < or >, we use a dotted line. Anytime we use > or <,
we will use a solid line.

Next, decide which side of the boundary line to shade. Use (0, 0) as a test point. Is O + 2(0) < 42 Yes,

50 (0, 0) is a solution of the inequality. Shade the region below the line. The graph for x + 2y < 4 is
represented below.
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This gives the points (4, 0) and (0, 2).Since the inequality is a strict inequality, we use a dotted line
through the two points. This means anytime we use < or >, we use a dotted line. Anytime we use > or <,
we will use a solid line.

Next, decide which side of the boundary line to shade. Use (0, 0) as a test point. Is O + 2(0) < 42 Yes,

50 (0, 0) is a solution of the inequality. Shade the region below the line. The graph for x + 2y < 4 is
represented below.
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REVIEW EXAMPLES

4 Amanufacturer keeps track of her monthly costs by using a “cost function” that assigns a total cost
for a given number of manufactured items, x. The function is C(x) = 5,000 + 1.3x.

a. What is the reasonable domain of the function?
b. What is the cost of 2,000 items?

©. If costs must be kept below $10,000 this month, what is the greatest number of items she can
manufacture?

Solution:

a. Since x represents a number of manufactured items, it cannot be negative or a fraction. Therefore,
the domain can only include values that are whole numbers.

b. Substitute 2,000 for x: C(2,000) = 5,000 + 1.3(2,000) = $7,600
c. Form an inequality:

€(x) < 10,000

5,000 + 1.3x < 10,000
1.3x < 5,000

x<3846.2

Therefore, the greatest number of items is 3,846 because anything greater would make the costs
greater than $10,000.
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# Consider the first six terms of this sequence: 1, 3,9, 27,81, 243, ...
a. Whats a,? What is a,?
b. What is the reasonable domain of the function?
c. If the sequence defines a function, what is the range?
d. What is the common ratio of the function?
Solution:
a a,islanda,is9.
b. The domain s the set of counting numbers: {1, 2, 3, 4,5, .
c. Therangeis{1,3,9,27,81,243,.. J.
d. The common ratio is 3.
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3. Which explicit formula describes the pattern in this table?

d c
2 | 628
3 | 942
5 | 15.70

10 | 31.40

A d=314xC
B. 314xC=d
C. 31.4x10=C
D. C=314xd
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4. If fl12) = 4(12) - 20, which function gives f(x)?
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Example: Consider the graph of f(x) =

It appears to be an unbroken line and slanted downward.
1)

Iy
4

These are some of its key features:
+ Domain: Al real numbers
 Range: All real numbers
 xintercept: The line appears to intersect the x-axis at 0.
« yintercept: The line appears to intersect the y-axis at 0.
* Increasing: Never
 Decreasing: Always: as x increases, f(x) decreases
« Positive: f{x) is positive when x < O
Negative: f(x) is negative when x > 0
 Rate of change: -1
+ End behavior: increases as x goes to s and decreases as x goes to =
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REVIEW EXAMPLE

4 Acompany uses the function V(x) = 28,000 - 1,750x to represent the amount left to pay on a truck,
where Vix) is the amount left to pay on the truck, in dollars, and x is the number of months after its.
purchase. Use the table of values shown below.

x Vix)
(months) )

28,000
26,250
24,500
22,750
21,000
19,250

afs|e|s|mlo

Whatis the yintercept of the graph ofthe function in terms of the amount left to pay on the truck?
b, Does the graph of the function have an xintercept, and if 5o, what does it epresent?
. Does the function increase or decrease?




