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Classify and use real
numbers.

positive number

negative number
natural number

whole number

integer
rational number

square root

principal square root
perfect square
irrational number

real number

graph

coordinate

leal Numbers
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A number' line can be used to show the sets of naturnl numbers, whole numbers,
Integers, and rational numbers. Values greater than 0, or positive numbers, are
listed to the right of 0, and values less than 0, or negative numbers, are listed to
the left of 0.

natural numbers: 1,2,3, ...
whole numbers: 0,1,2,3, ...
integers: ... , -3, -2, -1,0,1,2,3,...

_3 -2 -1 0 1 2 3

-3 -2 -1 0 1 2 3

rational numbers: numbers that can be _3 ^2 0 1 2 3
expressed in the form where a and
b are integers and b i=0

A square root is one of two equal factors of a number. For example, one square root
of 64, written as is 8 since 8 • 8 or 8~ is 64. The noiuiegative square root of a
number is the principal square root. Another square root of 64 is —8 since (-8) • (-8)
or (-8)2 is also 64. A number like 64, with a square root that is a rational number, is
called a perfect square. The square roots of a perfect square are rational numbers.

A number such as \/3 is the square |}a«i iJutMhersReal Numbers
root of a number that is not a perfect
square. It cannot be expressed as a
terminating or repeating decimal;
y/3 Si 1-73205.... Numbers that
cannot be expressed as terminating or
repeating decimals, or in the form
where n and b are integers and 6^0,
are called irrational numbers.
Irrational numbers and rational
numbers together form the set of
real numbers.

Rational Numbers

Integers

Natural

Irrational
Numbers

Name the set or sets of numbers to which each real number belongs.

Because 5 and 22 are integers and 5 -r 22 = 0.2272727... or 0.227, wliich is a
repeating decimal, this number is a rational number.

b. VsT
Because VsT = 9, this number is a natural number, a whole number, an integer,
and a rational number.

c. Vsi"
Because = 7.48331477..., which is not a repeating or terminating decimal,
this number is irrational.
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To graph a set of numbers means to draw, or plot, the points named by those
numbers on a number line. The number that corresponds to a point on a number line
is called the coordinate of tliat point The rational numbers and the irrational
numbers complete the number line.

•Graph and Order Real Numbers

Graph each set of numbers on a number line. Then order the numbers from
least to greatest.

, /i _i 2 _11
\3' 3'3' 3J

_i -A _2 0 i 2
3  3 ' 3 3 " 3 3 1  i i 2 ^' 3 3 ^ 3

From least to greatest, the order is and j.

b. jei Vig, 6.3, V57|
Express each number as a decimal. Then order the decimals.

6| = 6.8 \/49 = 7 6.3 = 6.33333333... = 7.5468344...
6.3 6| >^9

■  I 1 I » I I I ! f I f I I 1 I i>l : I I I '
6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0

From least to greatest, the order is 6.3,6j, ViQ, and V^.

C.{V20,4.7,f,4}
V20 = 4.47213595... 4.7 = 4.7 ^ = 4.0 4^ = 4.33333333...

42720

3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8

From least to greatest, the order is -y, 4j, and 4.7.

Any repeating decimal can be written as a fraction.

Write Repeating Decimals

Write 0.7 as a fraction in simplest form.

N = 0.777... Let /V represent the repeating decimal.

ION = 10(0.777...) SInceonly one digit repeats, multiply each side by 10.
ION = 7.777... Simplify.

IblfTiVi Subtract N from ION to eliminate the part of the number that repeats.

ION = 7.777...

-(N = 0.777...)

9N = 7

9N _ 7
9  9

X, 7

Subtract.

Divide each side by 9.

Simplify.
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SliiiyTip
Perfect Squares Keep a list

of perfect squares in your
notebook. Refer to it when

you need to simplify a
square root.

Perfect squares can be used to simplify square roots of rational numbers.

# MayConcept Perfect Square

Words Rational numbers with square roots that are rational numbers.

Examples 25 is a perfect square since = 5.

144 is a perfect square since V144 = 12.

fxaimp^

Simplify each square root.

22-4and1f''' = 121

Simplify.

7^=5 49 and 162== 256

You can estimate roots that are not perfect squares.

Examples]

Estimate each square root to the nearest whole number.

a. ̂ /^5

Find the two perfect squares closest to 15. List some perfect squares.

1, 4, 9,16, 25,36, ...

Write an Inequality.

1

15 is between 9 and 16.

9< 15 <16

V9 < Vis < Vis Take the square root of each number.

3 < VTs* < 4 Simplify.

\/9 Vi5 Vie

Since 15 is closer to 16 than 9, the best whole-number estimate for VlS" is 4.
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■  b. Viso

Find the two perfect squares closest to 130. List some perfect squares.

81,100,121,144

/
130 is between 121 and 144.

121 < 130 < 144 Write an inequality.

Vm < VM< Vi44 Take the square root of each number.

11 < Vi30 < 12 Simplify.

^  y/m \/UA

Since 130 is closer to 121 than to 144, tlie best whole number estimate for Vl30 is 11.

CHECK VIM « 11.4018 Use a calculator.

Rounded to the nearest whole number, Vl30 is 11. So the estimate is valid.

Name the set or sets of numbers to which each real number belongs.

1. -V^ 2. -I 3. VM 4. -I4 M
7

5. -VM

9. VlO.24

«-f 7.
12

12. -21

Graph each set of numbers on a number line. Then order the numbers from
least to greatest.

14 1 1 _i
12' 9'9' 9{l' -f'!' -!} 1"- -f' -1} 1®' H

16. \/2,0.f, Vsj 17. |-3.5, -f, - ViO, -3|j 18. | \f6i. 8.8, f, 8||
Write each repeating decimal as a fraction in simplest form.

19. 0.5 20. 0.4

21. 0.13 22. O.IT

Simplify each square root.

23. -VM 24. VMT

26. V^ 27. ±vT44

2Q A 111 30 .1
V 49 V 196

Estimate each root to the nearest whole number.

32. Vll2 33. V^ 34. VilS

25. ±VM

28. -V6l5

35. VbM
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Operations with Integers

Add, subtract, multiply,
and divide integers.

ieiTiVocabulary
absolute value

opposites

additive inverses

An integer is any number from the set {..., -3, —2, —1,0,1,2,3,...]. You can use a
number line to add integers.

Example ll Add Inteaers with the Same Slon t

Use a number line to find —3 + (—4).

Draw an arrow from 0 to --3. EE00 Draw a second arrow 4 units to
the left to represent adding -4.

1 . -4 : -3 I . . ..'  -4 ' -{., _3 + M) = ~7
I  I t I I t i I I I I I I I I I I t

_9«8-7-.6-5~4-3-2-1 0 1 23456789

The second arrow ends at —7. So, -3 + (—4) = —7.

You can also use absolute value to add integers. The absolute value of a number is
its distance from 0 on the number line.

Same Signs

(+ + or- -)

Different Signs

{+ - or - +)

3 + 5 = 8 3 and 5 are positive.

Ttieirsum is positive.

-3 and -5 are negative. -3 + 5 = 2

Their sum Is negative.

—5 has the greater absolute

value. Their sum Is negative.

5 has the greater absolute

value. Their sum is positive.

-3 +(-5) = -

Example 2 RTiBiim®

Find -11 + (-7).

-11+ (-7) = -(1-111+ 1-71)

= -(11 + 7)
= -18

Add the absolute values. Both numbers are negative,

so the sum is negative.

Absolute values of nonzero numbers are always positive.

Simplify.

Every positive integer can be paired with a negative integer. These pairs are called
opposites. A number and its opposite are additive inverses. Additive inverses can
be used when you subtract integers.

Example is

Find 18 - 23.

dtPMi

18 - 23 = 18 + (-23)
= -(|-23|-|18|)

= -(23 - 18)
= -5

To subtracl 23. add its inverse.

Subtract the absolute values. Because 1—231 is greater than j 18 j,

the result is negative.

Absolute values of nonzero numbers are always posilive.

Simplify.
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Products and Quotients

The product or quotient of
two numbers having the
same sign positive. The
product or quotient of two
numbers having different
signs is negative.

Same Signs
(+4. or--;

Different Signs

(+_or-+)

3(5)-15 1 3 and 5 are positive.
Their product is positive.

3(-5) = -15 3 and -5 have different

signs. Their product is
negative.

-3(-5) = 15 -3 and -5 are negative.

Their product Is positive.
-3(5) =-15 -3 and 5 have different

signs. Their product Is

negative.

xampie4

Find each product or quotient.

a. 4(-5)

4(-5) = -20 different signs —negative product

b. -51 -h (-3)

-51 -r (-3) = 17 same sign —positive quotient

C. -12(-14)

-12(-14) = 168 same sign —positive product

d. -63 4- 7

-63 ̂  7 = -9 different signs —► negative quotient

Exercises

Find each sum or difference.

1.-8 + 13 2. 11+ (-19)

4. -77 + (-46) 5. 12 - 34

7. 50 - 82 8. -47 - 13

3. -19 - 8

6. 41 + (-56)

9. -80 + 102

Find each product or quotient.

10. 5(18) 11. 60 + 12 12. -12(15)
13. -64 + (-8) 14. 8(-22) 15. 54 + (-6)

16. 30(14) 17. -23(5) 18. -200 + 2

19. WEATHER The outside temperature was —4°F in the morning and 13°F in the
afternoon. By how much did the temperature increase?

20. DOLPHINS A dolphin swimming 24 feet below the ocean's surface dives 18 feet
straight down. How many feet below the ocean's surface is the dolphin now?

21. MOVIES A movie theater gave out 50 coupons for $3 off each movie. What is the
total amount of discounts provided by tlie tlieater?

22. WAGES Emilio earns $11 per hour. He works 14 hours a week. His employer
withholds $32 from each paycheck for taxes. If he is paid weekly, what is the
amount of his paycheck?

23. FINANCIAL LITERACY Talia is working on a monthly budget. Her monthly income is
$500. She has allocated $200 for savings, $100 for vehicle expenses, and $75 for
clothing. How much is available to spend on entertainment?
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Adding and Subtracting

a

Compare and order; add you can use different methods to compare rational numbers. One way is to compare
and subtract rational fractions with common denominators. Another way is to compare decimals,
numbers.

EXamSldfflE

2^5Replace @ with <, >, or = to make j ® "g ̂  frue sentence.

i>'ifniiTiT»H Write the fractions with the same denominator.

2  5
The least common denominator of - and — is 6.

3  6

2 _ 4
3  6

5 _ 5

6  6

tliVM){willki Write as decimals.

Write Zy and — as decimals. You may want to use a calculator.

203 .6666666667

So, I = 0.6.

5|Tl6fE^ .8333333333

So, -7 = 0.83.
6

Since 0.6 <0.83,1 <|.

You can order rational numbers by writing all of the fractions as decimals.

Fy:imnli»

Older 5|-, si 4.9, and —5|- from least to greatest

5f = 5.2 5| = 5.375
o

4.9 = 4.9 -5f = -5.6
_  ? 2

—5.6 < 4.9 < 5.2 < 5.375. So, from least to greatest, the numbers are —S-^, 4.9, 5q,
Q  0 y

and 5-pr.

To add or subtract fractions with the same denominator, add or subtract the
numerators and write tine sum or difference over the denominator.
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StudyTip
Mental Math If the

denominators of the fractions

are the same, you can use
mental math to determine the

sum or difference.

and Subtract Like Fractions

Find each sum or difference. Write in simplest form.

3  1 _ 3 + 1

5  5 ~ 5

16 16

2. _ J_
16 16

c.i-^
9  9

The denominators are the same. Add the numerators.

Simplify.

The denominators are the same. Subtract the mimerators.

Simplify.

Rename tlie fraction.

The denominators are Ihe same. Subtract the numerators.

Simplify.

Rename the fraction.

To add or subtract fractions with unlike denominators, first find the least common
denominator (LCD). Rename each fraction with the LCD, and then add or subtract.
Simplify if possible.

Example

Find each sum or difference. Write in simplest form.

a.l + ̂
2  3

2  3 , 4

3  6 6
The LCD for 2 and 3 Is 6. Rename -J- as - and ̂  as

2  a 6 b

3 + 4

6
Add the numerators.

=1-4 Simplify.

^•1-
1

3

3

8

1 _ 9 8

3  24 24
The LCD lor 8 and 3 is 24. Rename 1 as 2 and T as

0  6 ch

9-8

24
Subtract the numerators.

-f-

1

24

3

4

Simplify.

2

5

3 _ 8 15

4  20 20
The LCD for 5 and 4 is 20. Rename | as 2 and j as

8-15

20
Subtract the numerators.

V

7

20
Simplify.
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>You can use a number line to add rational numbers.

Number Line To use a

number line, put your pencil
at the first number. If you are
adding or subtracting a
positive number, then move
left to find the difference. To

find the sum, move your
pencil to the right.

Use a number line to find 2.5 + (—3.5).

Draw an arrow from 0 to 2.5.

Draw a second arrow 3.5 units to the left.

2,5 + (-3,5)=-1 I ^ »-{
I  I I K r I I I 1 I I r r I r j I t

I  I I I f I t I 1 I i 1 j I I I ( I I

_4 -3 -2 -1 0 1 2 3 4

The second arrow ends at —1.

So, 2.5 + (-3.5) =-1.

You can also use absolute value to add rational numbers.

Different Signs

(+-or-+)

Same Signs

{+ + or )

3.1 + 2.5 = 5.6 3.1 and 2.5 are positive

so the sum is positive.

3.1 has the greater

absolute value, so the

sum is positive,

-3.1 has the greater

absolute value, so the

sum is negative.

3.1+(-2.5)

0.6

-3.1 + (-2.5) =

-5.6

-3.1 and -2.5 are

negative, so the sum is

negative.

-3.1 + 2.5

-0.6

Find each sum.

a. -13.12 + (-8.6)

-13.12 + (-8.6) = -([ -13.121 + 1

= -(13.12 + 8.6)

= -21.72

i * B)

_Z__ A
16 16

.61) Both numbers are negative, so the sum is
negative.

Absolute values of nonzero numbers are

always positive.

Simplify.

The LCD is 16. Replace —^willi -A
8  i6

Subtract the absolute values. Because |:^|
is greater than I the result is positive.

Absolute values of nonzero numbers are

always positive.

Simplify.
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To subtract a negative rational number, add its inverse.

Example 7

Find -32.25 - (-42.5).

-32.25 - (-42.5) = -32.25 + 42.5

= 142.51-1-32.25

To subtract —42.5, acid its Inverse.

Subtract the absolute values. Because i 42.51 is

greater than I -32.251, the result Is positive.

= 42.5-32.25 Absolute values of nonzero numbers are

always positive.

= 10.25 Simplify.

Replace each • with <, >, or = to make a true sentence.

1. -5.3
8  8

4. 1.2 • if

2. I • 0.71

5. ̂ •0.53
3. -I • 0.875

o

6. -^#-1
11 3

Order each set of rational numbers from least to greatest.

7. 3.8,3.06,3^,31-
o  4

9 0 11 ~ —0 5 —a. u.ii, U.D,

8. 2il|-, 1.75,2.4

10. -4|, -3|, -4.65, -4.09

Find each sum or difference. Write in simplest form.

11.1 + 1
5  5

14. I -1
7  7

■J7. 1 +1
3^3

20. 1 +1
2  4

23
10 15

12.f + i

Ifl
15 15

2i i_l
2  3

24. 1 -{- i
8  6

19 i. _ 1
3  9

22. 1 + -17 ^ 14
OK 13 22®' M-5

Find each sum or difference. Write in simplest form if necessary.

26. -1.6 + (-3.8) 27. -32.4 + (-4.5) 28. -38.9 + 24.2
29. -9.16 - 10.17 3D. 26.37 + (-61.1) 31. 72.5 - (-81.'

32. 43.2 + (-27.9) 33. 79.3 - (-14) 34. 1.34 - (-0.4^

31. 72.5 - (-81.3)

34. 1.34 - (-0.458)

35. -1 -1

'■-H-D

OR 1 43®-2-5

12 I 4, "•-I-(-A)
41. GEOGRAPHY About of the surface of Earth is covered by water. The rest of the

surface is covered by land. How much of Earth's surface is covered by land?
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® Multiply and divide

rational numbers.

/luitiplying and Dividing
Rational Numbers

The product or quotient of two rational numbers having the same sign is positive.
The product or quotient of two rational numbers having different signs is negative

multiplicative inverses
reciprocals

Find each product or quotient.

a. 7.2{-0.2)

different signs—negative product

7.2(-0.2} = -1.44

b. -23.94 (-10.5)

same sign —positive quotient

-23.94 -r (-10.5) = 2.28

To multiply fractions, multiply the numerators and multiply the denominators. If the
numerators and denominators have common factors, you can simplify before you
multiply by canceling.

ultipiy Fraction

Find each product.

5  3

2  1 _ 2 ' 1

5*3 5-3
_

15

b. i.ll
5  2

c. — • —
4  9

i.i = -L .-ii
4*9 ^ ' 9

Multiply the numerators.

Multiply the denominators.

Simplify.

Write 1-1 as an Improper fraction.

Multiply the numerators,

Multiply the denominators.

Simplify.

Divide by the GCF, 2.

Multiply the numerators.

Multiply the denominators and simplify.

^Exianiplei3.i^

H)»)-
/_3U3\ ̂  (3
\  4jU/ U

= -(!

different signs —negative product

Multiply the numerators.

Multiply the denominators and simplify.
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Two numbers whose product is 1 are called multiplicative inverses or reciprocals.

Name the reciprocal of each number.

3  8 1
8-3 = 1 The product Isl.

O  Q

The reciprocal of § is -f-.
o  3

5  5

li _L-i
5 ' 14 " ̂

Write 24 as 4^-.

The product isl.

The reciprocal of 2$ is A.
5  14

To divide one fraction by another fraction, multiply the dividend by the
reciprocal of the divisor.

StudyTip
Use Estimation You can

justify your answer by using

estimation. -I is close to 4
A  8 2

and 4 is close to I.So, the
1

quobent is close to - divided

byl or-i.

Find each quotient.

3  2

i^l=i 2
3 * 2 3*1

_ 2
3

8  3

3^2_3 3
8 * 3 8*2

= -L
16

<=•7-4
4  2

1 ̂ 2I = ̂ ^
4 * 2 4 * 2

6  3

~ 20 10

Multiply 4 by 4, the reciprocal of 4-
o  I 2

Simplify.

MulUply -I by 4. the reciprocai of
s  2 3

Simplify.

Write 24 as an improper fraction

Multiply 4 by the reciprocal of 24.
4 5 2

Simplify.

10 ̂ .2
= i5^'3

Multiply —4 by —4?. the reciprocal of —
V  ̂ Iv

Same sign —► positive quotient; simplify.
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Exercises

Find each product or quotient. Round to the nearest hundredth if necessary.

1. 6.5(0.13) 2. -5.8(2.3) 3. 42.3 4- (-6)

4. -14.1(-2.9) 5. -78 4- (-1.3) 6. 108 4- (-0.9)

7. 0.75(-6.4) 8. -23.94 4- 10.5 9. -32.4 4- 21.3

Find each product. Simplify before multiplying if possible.

20.
3  44

19.
4  18

24. 1. 4I
7 ̂

Name the reciprocal of each number.

28. 2
4̂

30. 3t
4

Find each quotient.

37. 2i^i 38. -1

42. -3. ̂
25 * 15

43. PIZZA A large pizza at Pizza Shack has 12 slices. If Bobby ate j of tlie pizza, how
many slices of pizza did he eat?

44. MUSIC Samantha practices the flute for 4^ hours each week. How many hours
does she practice in a month?

45. BAND How many band uniforms can be made with ISlj yards of fabric if each
n

uniform requires yards?

46. CARPENTRY How many boards, each 2 feet 8 inches long, can be cut from a board
16 feet long if there is no waste?

47. SEWING How many 9-incli ribbons can be cut from 1:^ yards of ribbon?
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m- Perimeter

© Rnd the perimeter of two-

dimensional figures.

MeifuVocabulary
perimeter
circle

diameter

circumference

center

radius

Perimeter is the distance around a figure. Peiirneter is measured in linear units.

Rectangle Parallelogram

? = 2(^ -t- w) or
P = 2£ + Iw

Square

P = 2(/z -t- b) or
P = 2n + 2b

Triangle

Exampletlll

P = 4s

erimeters of Rectanoies and Sauares

P = a + b + c

Find the perimeter of each figure.

a. a rectangle with a length of 5 inches and a width of 1 inch

P = 2{E-\- w) Perimeter formula

= 2(5 + 1) ^ = 5.tv=l

, = 2(6) Add.

= 12 Tlie perimeter is 12 inches.

b. a square with a side length of 7 centimeters

P = 4s Perimeter forniula

= 4(7) Replace s with 7.

= 28 The perimeter is 28 centimeters.
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Congruent Marks
The hash marks on the

figures indicate sides that

have the same length.

Example 21.JPerimeters of Parallelograms and Trianqles

Find the perimeter of each figure.

P = 2{a + b) Perimeter formula

= 2(14 + 12) a = 14,t) = l2

= 2(26) Add.

= 52 Multiply.

The perimeter of the parallelogram is
52 meters.

P = a + b + c Perimeter formula

= 4 + 6 + 9 a = 4,f7==6,c = 9

The perimeter of the triangle is
19 inches.

A circle is the set of all points in a plane that are the same distance from a
given point.

The distance across

the circle through Its
center Is its diameter.

The given point is i
called the center.

The distance around

the circle Is called the

circumference.

The distance from (he

center to any point on
the circle Is its radius.

Studylip

Pi To perform a calculation
ttiat involves -k, use a

calculator.

The formula for the circumference of a circle is C = 'trd or C = 27rr.

Examples

Find each circumference to the nearest tenth.

a. The radius is 4 feet.

C = 27Tr Circumference formula

= 27t(4) Replace rwilh 4.

= Stt Simplify.

The exact circumference is Sir feet.

8 HI ENTER 125.13274123

The circumference is about 25.1 feet.

b. The diameter is 15 centimeters.

C = TTr/ Circumference formula

= ir(15) Replace d with 15.

= 15it Simplify.

= 47.1 Use a calculator to evaluate

ISx.

The circumference is about

47,1 centimeters.

C = 27Tr

«18.8

Circumference formula

= 27r(3) Replace r with 3.

Simplify.

Use a calculator to evaluate Btt.

The circumference is about 18.8 meters.
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Exercises

Find the perimeter of each figure.

5. a square with side length 8 inches

6. a rectangle with length 9 centimeters and width 3 centimeters

7. a triangle with sides 4 feet, 13 feet, and 12 feet

8. a parallelogram with side lengths 6^ inches and 5 inches
9. a quarter-circle with a radius of 7 inches

Find the circumference of each circle. Round to the nearest tenth.

13. GARDENS A square garden has a side length of 5.8 meters. What is the perimeter of
the garden?

14. ROOMS A rectangular room is 12^ feet wide and 14 feet long. What is the perimeter
of the room?

15. CYCLING The tire for a 10-speed bicycle has a diameter of 27 inches. Find the
distance traveled in 10 rotations of the tire. Round to the nearest tenth.

16. GEOGRAPHY Earth's circumference is approximately 25,000 miles. If you could dig
a tunnel to the center of the Earth, how long would the tunnel be? Round to the
nearest tenth mile.

Find the perimeter of each figure. Round to the nearest tenth.

♦ 3 in. *

4m \5m
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Area

e area of two-

sional figures.

ewVocabulary

Area is the number of square units needed to cover a surface. Area is measured in
square units.

Rectangle

i

A = ezu

Parallelogram

A = hh

Example 1 £reas ot hectangies ana squares

Find the area of each figure.

a. a rectangle with a length of 7 yards and a width of 1 yard

1yd #

A = £w Area formula

= 7(1) £ = 7, iv=1

= 7 The area of the rectangle is 7 square yards,

b. a square with a side length of 2 meters

A = s- Area forrmila

= 2- 5=^2

= 4 The area is 4 square meters.
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&atiiple|2l as of Parallelograms and Triangles

Find the area of each figure.

a. a parallelogram with a base of b. z
11 feet and a height of 9 feet 1

b. a triangle with a base of
12 millimeters and a height of
5 millimeters

StudyTip
Mental Math You can use

mental math to check your
solutions. Square the radius
and then multiply by 3.

A = bh Area formula
A = -^bh Area formula

= 11(9) b=n,/i = 9 = i(12)(5) S = 12,ft = 5

= 99 Multiply. = 30 Mulllply.

The area is 99 square feet. The area is 30 square millimeters

The formula for the area of a circle isA = Ttr^.

Find the area of each circle to the nearest tenth.

a. a radius of 3 centimeters

A = Ttr^ Area formula

= 7r(3)2 Replace rwith 3.

= 977 Simplify.

«28.3 Use a calculator to evaluate Drr.

The area is about 28.3 square centimeters.

b. a diameter of 21 meters

A — TTr^ Area formula

= 77(10.5)2 Replace rwith 10.5.

= 110.2577 Simplify.

^ 346.4 Use a calciilalor to evaluate 110.257r.

The area is about 346.4 square meters.

smg
Estimate the area of the polygon if each square
represents 1 square mile.

One way to estimate the area is to count each square
as one unit and each partial square as a half unit, no
matter how large or small.

A w squares + partial squares

« 21(1) + 8(0.5) 21 whole squares and 8 partial squares

a=2H-4or25

The area of the polygon is about 25 square miles.
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Exercises

Find the area of each figure.

p—H-[ 2. p

3 cm =?: 15m \ 17m

b-K-d eln. ^
2 cm

Find the area of each figure. Round to the nearest tenth if necessary.
4. a triangle with a base 12 millimeters and height 11 millimeters

5. a square with side length 9 feet

6. a rectangle with length 8 centimeters and width 2 centimeters

7. a triangle with a base 6 feet and height 3 feet

8. a quarter-circle with a diameter of 4 meters

9. a semi-circle with a radius of 3 inches

Find the area of each circle. Round to the nearest tenth.

13. The radius is 4 centimeters.

15. The diameter is 16 inches.

14. The radius is 7.2 millimeters.

16. The diameter is 25 feet.

17. CAMPING The square floor of a tent has an area of 49 square feet. What is the side
length of the tent?

Estimate the area of each polygon in square units.

20. HISTORY Stonehenge is an ancient monument in Wiltshire, England. The giant
stones of Stonehenge are arranged in a circle 30 meters in diameter. Find the area
of the circle. Round to the nearest tenth square meter.

Find the area of each figure. Round to the nearest tenth.

r  it I no s 9 f>m on 9 o nm
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.Volume

Find the volumes of

rectangular prisms and
cylinders.

Vocabulary
volume

Volume is the measure of space occupied by a solid.
Volume is measured in cubic units.

To find tlie volume of a rectangular prism, multiply the
lengtli times the width times the height. The formula for tlie
volume of a rectangular prism is shown below.

V=^e*W'h

The prism at the right lias a volume of 2 • 2 • 3 or 12 cubic units.

Find the volume of each rectangular prism.

a. The length is 8 centimeters, the width is 1 centimeter, and the height is
5 centimeters.

V = £•«;• /j Volume formula

= 8 • 1 • 5 Replace £ with 8, w with 1, and h with 5.

= 40 SIniptify.

Tlie volume is 40 cubic centimeters.

The prism has a length of 4 feet, width of 2 feet, and height of 3 feet.

V — C • w * It Volume formula

= 4 • 2 • 3 Replace £ v^lth 4, wwith 2, and hwlth 3.
= 24 Simplify.

The volume is 24 cubic feet.

The volume of a solid is the product of the area of the base and the height of the
solid. For a cylinder, the area of the base is Ttr^. So the volume is V = Trr^//.

■ TB"

Find the volume of the cylinder.

V = "Kr^h Volume of a cylliKlcr

='7r(3^)6 r=3./? = 6r = 3./? = 6

= 54-17

« 169.6

Simplify.

Use a calculator.

The volmne is about 169.6 cubic inches.
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Find the volume of each rectangular prism given the length, width,
and height.

1. (! = 5 cm, rt) = 3 cm, // = 2 cm 2. ̂  = 10 m, u? = 10 m, /i = 1 m

3. ̂  = 6 yd, ly = 2 yd, // = 4 yd 4. £ = 2 in., ly = 5 in., h = 12 in.

5. £=13 ft, w = 9 ft, h = 12 ft B. £ = 7.8 mm, zu — 0.6 mm, h = S mm

Find the volume of each rectangular prism.

9. GEOMETRY A cube measures 3 meters on a side. What is its volume?

10. AQUARIUMS An aquarium is 8 feet long, 5 feet wide, and 5.5 feet deep. What is the
volume of the aquarium?

11. COOKING What is the volume of a microwave oven that is 18 inches wide by
10 inches long with a depth of 11- inches?

12. BOXES A cardboard box is 32 inches long, 22 inches wide, and
16 inches tall. What is the volume of the box?

13. SWIMMING POOLS A children's rectangular pool holds 480 cubic feet of water. What
is the depth of the pool if its length is 30 feet and its width is 16 feet?

14. BAKING A rectangular cake pan has a volume of 234 cubic inches. If tlie length of
the pan is 9 inches and the width is 13 inches, what is the height of the pan?

15. GEOMETRY The volume of the rectangular f\~ wcm
prism at the right is 440 cubic centimeters.
What is the width? 1 11 rm

Find the volume of each cylinder. Round to the nearest tenth.

12.2 cm

;  12.2 cm

19. FIREWOOD Firewood is usually sold by a measui-e known as a cord.
A full cord may be a stack 8x4x4 feet or a stack 8x8x2 feet.

a. What is the volume of a full cord of firewood?

b. A "short cord" of wood is 8 x 4 x the length of the logs. What is the volume of a
short cord of 2^foot logs?

c. If you have an area that is 12 feet long and 2 feet wide in which to store your
firewood, how high will the stack be if it is a full cord of wood?
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[Surface Area

Find the surface areas of

rectangular prisms and

cylinders.

Surface area is the sum of the areas of all the surfaces, or faces, of a solid. Surface
area is measured in square units.

^ KeyConcept Surface Area

Cylinder

S=2£w+2eh + 2wh S = 2'nrh + 2ir/^

Find the surface area of each solid. Round to the nearest tenth if necessary.

The prism has a length of 3 meters, width of 1 meter, and height of 5 meters.
S = 2£w + 2£h + 2wh Surface area formula

= 2C3){1) + 2(3)(5) + 2(1)(5) £ = 3. iv= 1. //= 5
= 6 + 30 + 10 Muttipty.

= 46 Add.

The surface area is 46 square meters.

The height is 8 centimeters and the radius of the base is 3 centimeters. The
surface area is the sum of the area of each base, 2TTr^, and the area of the side,
given by the circumference of the base times the height or 2-Krh.

S = 27T/7i + 27rr~ Formula for surface area of a cylinder.

= 27r(3)(8) + 277(32) f = 3, /I = 8
= 4877 + 1877 Simplify,
w 207.3 cm2 Use a calculator.
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Exercises

Find the surface area of each rectangular prism given the measurements below.

1. £ = 6 in., w = 1 in., // = 4 in

3. £ = 10 mm, zo = 4 mm, = 5 mm

5. £ = 7ft,zu = 2ft,// = ift

Find the surface area of each solid.

2. £ = 8 m, If = 2 m, /j = 2 m

4. £ = 6.2 cm, if = 1 cm, h = 3 cm

6. £ = 7.8 m. If = 3.4 m, /i = 9 m

6 in._A In.

11. 4.5 in.

^ 1.2 mm

/ UVS.Icm

13. GEOMETRY What is tlie surface area of a cube with a side length of 2 meters?

14. GIFTS A gift box is a rectangular prism 14 inches long, 5 inches wide, and 4 inches
high. If the box is to be covered in fabric, how much fabric is needed if there is no
overlap?

15. BOXES A new refrigerator is shipped in a box 34 inches deep, 66 inches high, and

33^ inches wide. What is the surface area of the box in square feet? Round to the
nearest square foot. {Hint: 1 ft^ = 144 in^)

16. PAINTING A cabinet is 6 feet high, 3 feet wide, and 2 feet long. The entire outside
surface of the cabinet is being painted except for the bottom. What is the surface
area of the cabinet that is being painted?

17. SOUP A soup can is 4 inches tall and has a diameter of 3™ inches. How much paper
is needed for the label on the can? Round your answer to the nearest tenth.

18. CRAFTS For a craft project, Sarah is covering all the sides of a box with stickers.
The length of the box is 8 inches, the width is 6 inches, and the height is 4 inches.
If each sticker has a length of 2 inches and a width of 4 inches, how many stickers
does she need to cover the box?
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Simple Probability and Odds

© Find the probability and

odds of simple events.

:j::^i[:Vocabuiary
probability
sample space
equally likely

complements
tree diagram
odds

The probability of an event is the ratio of the number of
favorable outcomes for the event to the total number of
possible outcomes. When you roll a die, there are six
possible outcomes: 1,2,3,4,5, or 6. This list of all possible
outcomes is called the sample space.

When there are n outcomes and the probability of each

one is ̂  we say that the outcomes are equally likely.
For example, when you roll a die, the 6 possible outcomes

are equally likely because each outcome has a probability of-I". The probability of an
event is always between 0 and 1, inclusive. The closer a probability is to 1, the more
likely it is to occur.

impossible
to occur

certain to

Ipl

A die is rolled. Find each probability.

a. rolling a 1 or 5

There are six possible outcomes. There are two favorable outcomes, 1 and 5.

probability = """^ber of favorable outcomes ^ |
•' total number of possible outcomes 6

So,P(l or 5) = I or
b. rolling an even number

Three of the six outcomes are even numbers. So, there are three favorable
outcomes.

I  1 r 3 even numbers 1

Sample space: 1,2,3,4,5,6

6 total possible outcomes

w

Q  1

So, P(even number) = ̂ or —.
6  2.

The events for rolling a 1 and for not rolling a 1 are called complements.

f P{1) ] ( P(not1) 1 [ P(sum ot probabilities) 1

The sum of the probabilities for any two complementary events is always 1.
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StudyTip
Alternate Method A chip

drawn will either be green
or not green. So,another

method for finding P(not
green) is to find P(green)
and subtract that probability
from 1.

StudyTip
Counting Outcomes
When counting possible
outcomes, make a column in
your tree diagram for each

part of the event.

ind Probabilities

A bowl contains 5 red chips, 7 blue chips, 6 yellow chips, and 10 green chips.
One chip is randomly drawn. Find each probability.

a. blue

There are 7 blue chips and 28 total chips.

Pfblue chio) = — — number of favorable outcomes
28 ■<— number of possible outcomes

4

The probability can be stated as -j, 0.25, or 25%.
b. red or yellow

There are 5 + 6 or 11 chips that are red or yellow.

P(red or yellow) = ~
28

a 0.39

• number of favorable outcomes

number of possible outcomes

The probability can be stated as about 0.39, or about 39%.
yH

c. not green

There are 5 + 7 + 6 or 18 chips that are not green.
p. \ ~ 18 — number of favorable outcomes

°  28 — number of possible outcomes

^7 or about 0.64
14

The probability can be stated as about 0.64, or about 64%.

One method used for counting the number of possible outcomes is to draw a
tree diagram. The last column of a tree diagram shows all of the possible outcomes.

School baseball caps come in blue, yellow, or white. The caps have either the
school mascot or the school's initials. Use a tree diagram to determine the
number of different caps possible.

Color Design

mascot

initials

mascot
yellow <r

initials

white
mascot

initials

Outcomes

blue, mascot

blue, initials

yellow, mascot

yellow, initials

white, mascot

white, initials

The tree diagram shows that there are 6 different caps possible.

This example is an illustration of the Fundamental Counting Principle, which
relates the number of outcomes to the number of choices.
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KeyConcept Fundamental Counting Principle

Example

If event M can occur in m ways and is followed by event N that can occur in n ways,
then the event /W followed by /Vcan occur In m • /? ways.

If there are 4 possible sizes for fish tanks and 3 possible shapes, then there are 4 • 3 or
12 possible fish tanks.

se,the Fundamental.Cgunting Principle ....

a. An ice cream shop offers one, two, or three scoops of ice cream from among
12 different flavors. The ice cream can be served in a wafer cone, a sugar
cone, or in a cup. Use the Fundamental Counting Principle to determine the
number of choices possible.

There are 3 ways the ice cream is served, 3 different servings, and there are
12 different flavors of ice cream.

Use the Fundamental Counting Principle to find the number of
possible choices.

ntimbftr of scoops iiutnber of fkivors ininiber of serving

options

3

number of choices of

ordering ice cream

108

So, there are 108 different ways to order ice cream.

b. Jimmy needs to make a 3-digit password for his log-on name on a Web site.
The password can include any digit from 0-9, but the digits may not repeat.
How many possible 3-digit passwords are there?

If the first digit is a 4, then the next digit cannot be a 4.

We can use the Fundamental Counting Principle to find the number of
possible passwords.

1st digit

10

2nd digit

9

3rd digit

8

number of passwords

720

StudyTip
Odds The sum of the number

of successes and the number

of failures equals the size of
the sample space, or the
number of possible outcomes.

So, there are 720 possible 3-digit passwords.

>The odds of an event occurring is the ratio that compares the number of ways an
event can occur (successes) to the number of ways it cannot occur (failures).

Find the odds of rolling a number less than 3.

There are six possible outcomes; 2 are successes and 4 are failures.

So, the odds of rolling a number less than 3 are •- or 1:2.
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Exercises

One coin is randomly selected from a jar containing 70 nickels, 100 dimes,
80 quarters, and 50 one-dollar coins. Find each probability.

1. P(quarter)

3. P(quarter or nickel)

5. P(value less than $1)

2. P(dime)

4. P(value greater than $0.10)

6. P(valueatmost$l)

One of the polygons below is chosen at random. Find each probability.

7. P(tnangle)

9. P(not a quadrilateral)

8. P(pentagon)

10. P(more than 2 right angles)

Use a tree diagram to find the sample space for each event. State the number of
possible outcomes.

11. The spinner at the right is spun and two coins are tossed. T
12. At a restaurant, you choose two sides to have with breakfast. \

You can choose white or whole wheat toast. You can choose |
sausage links, sausage patties, or bacon.

13. How many different 3-character codes are there using A, B,
or C for the first character, 8 or 9 for the second character,

and 0 or 1 for the third character?

A bag is full of different colored marbles. The probability of randomly selecting a
1  13 •

red marble from the bag is The probability of selecting a blue marble is —. Find
each probability.

14. P(notred) 15. P(notblue)

Find the odds of each outcome if a computer randomly picks a letter in the name
THE UNITED STATES OF AMERICA.

16. the letter A 17. the letter T 18. a vowel

Margaret wants to order a sub at the local deli.

20. Find the number of possible orders of a sub with
one topping and one dressing option.

21. Find the number of possible ham subs with
mayonnaise, any combination of toppings or no
toppings at all.

22. Find the number of possible orders of a sub witli
any combination of dressing and/or toppings.

19. a consonant

ham, salami, roast beat, turkey,

bologna, pepperoni

mayonnaise, lettuce, onions,
mustard, peppers, olives

vinegar, oil
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m

© Find measures of central

tendency, variation, and

position.

: ii^Vocabulary
variable

data

measurement or

quantitative data
categorical or qualitative

data

univan'ate data

measures of center or

central tendency
mean

median

mode

measures of spread or
variation

range

quartile
measures of position
lower quartile
upper quartile

five-numbersummary
interquartile range
outlier

Measures of Center,
Variation, and Position

A variable is a characteristic of a group of people or objects that can assume
different values called data. Data that have units and can be measured are called
measurement or quantitative data. Data that can be organized into different
categories are called categorical or qualitative data. Some examples of both
types of data are listed below.

fi/Ieasuremont Data

Tlmes:15s, 20 s, 45 s,19s

Ages: 10 yr, 15 yr, 14 yr, 16 yr

Distance; 5 ml, 30 ml, 16 ml

Categorical Data

Favorite color: blue, red, purple, green
Hair color: black, blonde, brown

Phone Numbers: 555-1234,555-5676

Measurement data in one variable, called univariale data, are often summarized
using a single number to represent what is average or typical. Measures of what is
average are also called measures of center or central tendency. The most common
measures of center are mean, median, and mode.

^KeyConcept Measures of Center .

• Tfie mean is the sum of the values in a data set divided by the total number of values in the set.

• The median is the middle value or the mean of the two middle values in a set of data when the data

are arranged in numerical order.

• The mode is the value or values that appear most often In a set of data. A set of data can have no
mode, one mode, or more than one mode.

Example t

BASEBALL The table shows the number of hits Marcus

made for his team. Find the mean, median, and mode.

Mean: To find the mean, find the sum of all the hits

and divide by the number of games in which
he made these hits.

3-l-6 + 5+-2-|-3-f-7
mean = ::

6
= -T- or about 4 hits

6

Badgers

Hornets

Bulldogs

Vikings

Rangers
Median: To find the median, order the numbers from least

to greatest and find the middle value or values. Panthers | 7
2,3,3,5,6,7

^  3 -f 5 ^ Since there Is an even number of values,
2  find the mean of the middle two.

Mode: From the arrangement of die data values, we can see that the value that
occurs most often in the set is 3, so the mode of the data set is 3 hits.

Marcus's mean and median number of hits for these games was 4, and his mode
was 3 hits.
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StudyTip
Calculating Quartiles
When the number of values

in a set of data Is odd, the

median Is not included In

either half of the data when

calculating or Q3.

Two very different data sets can have the same mean, so statisticians also use
measures of spread or variation to describe how widely the data values vary. One
such measure is the range, which is the difference between the greatest and least
values in a set of data.

WALKING The times in minutes it took Olivia to walk to school each day this
week are 18,15,15,12, and 14. Find the range.

range = greatest value — least value

= 18 - 12 or 6

The range of the times is 6 minutes.

Definition of range

The greatest value is 18, and the least value is 12.

Statisticians often talk about tlie position of a value relative to other values in a set.
Quartiles are common measures of position that divide a data set arranged in
ascending order into four groups, each containing about one fourth or 25% of the
data. The median marks the second quartlle Q2 and separates the data into upper
and lower halves. The first or lower quartile Q] is the median of the lower half,
while the third or upper quartile Q3 is tlie median of the upper half.

25 31 36 39 40 41 44 45 49 50 54

minimum

iower quartlie
1-^ 25% 25%

Q2
median

Q3
upper quartile

25% 25%

maximum

The three quartiles, along witli the minimum and maximum values, are called
a five- number summary of a data set.

FUNDRAISER The number of boxes of donuts Aang sold for a fundraiser each day
for the last 11 days were 22,16,35,26,14,17,28,29,21,17, and 20. Find the
minimum, lower quartile, median, upper quartile, and maximum of the data set.
Then interpret this five-number summary.

Order the data from least to greatest. Use the list to determine the quartiles.

14, 16, 17, 17, 20, 21, 22, 26, 28, 29, 35

f t t f t
Min. Qi Q2 Q3 Max.

The minimum is 14, the lower quartile is 17, the median is 21, the upper quartile is
28, and tlie maximum is 35. Over the last 11 days, Aang sold a minimum of 14 boxes
and a maximum of 35 boxes. He sold fewer than 17 boxes 25% of the time, fewer

than 21 boxes 50% of the time, and fewer than 28 boxes 75% of the time.

The difference between the upper and lower quartiles is called the interquartile
range. The interquartile range, or IQR, contains about 50% of the values.

14, 16, 17, 17, 20, 21, 22, 26, 28, 29, 35

t  t
Qt Q3
I  IQR = Q-j — Q3 or 11 ->■ I
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Stt^dyTip
Interquartile Range
When the interquartile range
Is a small value, the data In
the set are close together. A
large interquartile range
means that the data are

spread out.

Before deciding on which measure of center best describes a data set, check for
outliers. An outlier is an extremely high or extremely low value when compared
with the rest of the values in the set. To check for outliers, look for data values that
are beyond the upper or lower quartiies by more than 1.5 times tlie interquartile range.

TEST SCORES Students taking a make-up test received the following scores: 88,
79, 94, 90, 45, 71, 82, and 88.

a. Identify any outliers in the data.

First determine the median and upper and lower quartiies of the data.

45, 71, 79, 82, 88, 88, 90, 94

t  t t
„  71+79..,,, „ 82 + 88 n _ 88 + 90 „or 85 00 3 =^=.:-L^or75 02 =

Find the interquartile range.

IQR = Q3 - Qi =89 -75 or 14

Use the interquartile range to find the values beyond which any
outliers would lie.

Qi-1.5(rQR) and Q3 + 1.5(IQR)

75- 1.5(14) 89 + 1.5(14}

Values beyond which outliers lie

Q, =75,03 = 89, and IQR = 14

Simplify.

There are no scores greater than 110, but there is one score less than 54. The
score of 45 can be considered an outlier for tiiis data set.

b. Find the mean and median of the data set with and without the outlier.

Describe what happens.

with outlier

without outlier

88 + 79 + 94 + 90 + 45 + 71 + 82 +88
or about 79.6 85

88 + 79 + 94 + 90 + 71 + 82 +88
or about 84.6

Removal of the outlier causes the mean and median to increase, but notice that

the mean is affected more by the removal of the outlier than the median.

Exercises

Find the mean, median, mode, and range for each data set.

1. number of students helping at the cookie booth each hour: 3,5,8,1,4,11,3

2. weight in pounds of boxes loaded onto a semi truck: 201, 201,200,199,199

3. car speeds in miles per hour observed by a highway patrol officer:
60, 53, 53, 52, 53, 55, 55, 57

4. number of songs downloaded by students last week in Ms. Turner's class:
3, 7, 21, 23, 63, 27, 29, 95, 23

5. ratings of an online video: 2, 5,3.5,4,4.5,1,1,4,2,1.5,2.5,2,3,3.5
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markers

6. SCHOOL SUPPLIES The table shows the cost of school supplies. Find the
mean, median, mode and range of the costs.

7. BOWLING Sue's average for 9 games of bowling is 108. What is the lowest pgp^jlg
score she can receive for the tenth game to have an mean of 110?

pens

8. LAUNDRY Two brands of laundry detergents were tested to determine paper
how many times a shirt could be washed before it faded. The results
for 6 shirts in number of washes follow. —e o er—

calculator
Brand A: 16,15,13,14,16,16

notebook

Brand B: 11,16,18,12,15,18 eraSre

a. Find the mean and range for each brand. markers

b. Which brand performed more consistently? Explain.

Find the minimum, lower quartile, median, upper quartile, and maximum
values for each data set.

9. prices in dollars of smartphones; 311,309,312,314,399,312

10. attendance at an event for the last nine years; 68,99,73, 65,67,62,80, 81,83

11. books a student checks out of the library: 17,9,10,17,18, 5,2

12. ounces of soda dispensed into 36-ounce cups:
36.1,35.8,35.2,36.5,36.0,36.2,35.7,35.8,35.9,36.4,35.6

13. ages of riders on a roller coaster:
45,17,16, 22, 25,19, 20, 21, 32, 37,19, 21, 24,20,18,22,23,19

14. NUTRITION The table shows tlie number of servings of fruit and vegetables
that Cole eats one week. Find the minimum, median, lower quartile, upper
quartile, and maximum number of servings. Then interpret this five-number
summarv.

•' Monday

Find the mean and median of the data set, and then identify any outliers. If
the set has an outlier, find the mean and median without the outlier, and state Wednesday _
which measure is affected more by the removal of this value. Thursday

Friday
15. distance traveled in miles to visit relatives during winter break:

210,45,10,108,452,225, 35, 95,140,25, 65, 250 _Saturday
Sunday

16. time spent on social networking Web sites in minutes per day: '
25, 35,45, 30,65, 50, 25,100, 45,35,5,105,110,190,40,30, 80

17. batting averages for the last 10 seasons: 0.267,0.305,0.304,0.201,0.284,0.302,
0.311, 0.289, 0.300, 0.292

18. CHALLENGE The cost of 8 different pairs of pants at a department store are $39.99, $31.99, $19.99,
$14.99, $19.99, $23.99, $36.99, and $26.99.

a. Find the mean, median, mode, and range of the pants prices.

b. Suppose each pair of pants needs to be hemmed at an additional cost of $8 per pair. Including
these alteration costs, what are the mean, median, mode, and range of the pant prices?

c. Suppose tliG original price of each pair of pants is discounted by 25%. Find the mean, median,
mode, and range of the discounted pant prices.

d. Make a conjecture as to the effect on the mean, median, mode, and range of a data set if the
same value ii is added to each value in the data set. Wliat is tlie effect on these same measures
if each item in a data set is multiplied by the same value h?

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday
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Represent sets of data

using different visual
displays.

ieifiiVocabulary
frequency table
bar graph
cumuiative frequency
histogram
line graph
stem-and-ieaf plot
circle graph
box-and-wliisker plot

Common Core
State Standards

Content Standards

S.1D.1 Represent data with
plots on the real number line
(dot ptols, histograms, and
box plots).

IRepresenting Data

A frequency table uses tally marks to record and display frequencies of events. A bar
graph compares categories of data with bars representing the frequencies.

Make a bar graph to display the data.

Sport k Tally Frequency

basketball 15

football 25

soccer BBIIH 18

baseball 21

Favorite Sport

Draw a horizontal axis and a vertical axis.

Label the axes as shown. Add a title.

R1TW Draw a bar to represent each sport. The vertical
scale is the number of students who chose each

sport. The horizontal scale identifies the sport.

////
Sport

The cumulative frequency for each event is the sum of its frequency and the
frequencies of all preceding events. A histogram is a type of bar graph used to
display numerical data that have been organized into equal intervals.

ale a Histogram and a Cumulabve Frequency Histogram

Make histograms of the frequency and the cumulative frequency.

Age at inauguration

U.S. Presidents

40-44 45-49 50-54 55-59 60-64 !  65-69

2 7 !  13 12 : 7 3

Fmd the cumulative frequency for each interval.

Age

Presidents

Make each histogram like a bar graph but with no space between the bars.

<45 < 50 < 55 < 60 <65

m 9-M3 = 22 22 + 12 = 34 34 -1- 7 = 41

Ages of Presidents Cumulative Ages of Presidents

40- 45- 50- 55- 60- 65

44 49 54 59 64 65

Age at Inauguration <45 <50 <55 <60 <65 <70

Age at Inauguration

connectED.mcgraw-hHI.com



Another way to represent data is by using a line graph. A line graph usually shows
how data change over a period of time.

kealfneGExampleSrIM

Sales at the Marshall High School Store are shown in the table. Make a line
graph of the data.

School Store Sales Amounts

September |$670 December $168 March $412

October $229 January $290 April $309

' November 1 $300 February $388 May $198

qSSI Draw a horizontal axis and a
vertical axis and label them as

shown. Include a title.

wmill Plot the points.

MraiKi Draw a line connecting each pair of
consecutive points.

School Store Sales

600

a 400

300

200

100

0

Month

Heal-WoiidLInk

The fastest animal on land Is

the cheetah. Cheetahs can

run at speeds up to
60 miles per hour.

Source: Infi^lease

Data can also be organized and displayed by using a stem-and-leaf plot. In a stem-
and-leaf plot the digits of the least place value usually form the leaves, and the rest
of the digits form the stems.

Real-World Example 4]Make a Stem-and-Leaf Plot

ANIMALS The speeds (mph) of 20 of the fastest land
animals are listed at the right. Use the data to make
a stem-and-leaf plot.

The least place value is ones. So, 32 miles per
hour would have a stem of 3 and a leaf of 2.

42 40 40 35 50 '

32 50 36 50

45 70 43 45 32

40 35 61 48

Source: The World Almanac

Stem I Leaf

3  225556

4  000023558

5  0 0 0

6  1

A circle graph is a graph that shows the relationship between parts of the data and
the whole. The circle represents all of the data.
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Make a Circie Graph

WatchOut!

Circ/e Graphs The sum of Oie
measures of each section of a

circle graph should be 360°.

The table shows how Lily spent 8 hours of one day
at summer camp. Make a circle graph of the data.

First, find the ratio that compares the number of
hours for each activity to 8. Then multiply each ratio
by 360° to find the number of degrees for each section
of the graph.

Canoeing; ̂  • 360° = 135°

Crafts: ̂  • 360° = 45°
o

Eating: | • 360° = 90°

Hiking: | • 360° = 90°

canoeing

Summer Camp

Hiking
2h\.

Canoeing
^3h

Eating
2h Crafts

1 h

A box-and-whisker plot is a graphical representation of the five-number summary of
a data set. The box in a box-and-whisker plot represents the interquartile range.

*2g|ji]3g|jiviake a box-ana-wnisKer hio_

Draw a box-and-whisker plot for these data. Describe how the outlier affects the
quartile points.

14, 30,16, 20,18,16, 20,18,22,13, 8

RuSnn Order the data from least to greatest. Then determine the maximum,
minimum and the quartiles.

8,13,14,16,16,18,18,20,20,22, 30

t  t
min. Q,

t  t
Q3 max.

Determine the interquartile range.

IQR = Q3 - Q,

= 20 - 14 or 6

Check to see if there are any outliers.

14 - 1.5(6) = 5 20-t-1.5(6) = 29

Numbers less than 5 or greater than 29 are outliers.

The only outlier is 30.

Knnfa Draw a number line that includes the minimum and maximum values in
the data. Place dots above the number line to represent the three quartile
points, any outliers, the minimum value that is not an outlier, and the
maximum value that is not an outlier.
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Draw the box and the whiskers. The vertical rules go through the quartiles.
The outliers are not connected to the whiskers.

I  I I I I I I I I I I ■

8  10 12 14 16 18 20 22 24 26 28 30 32

Omit 30 from the data. Repeat Step 1 to determine Qj, Qj, and Q3.
8,13,14,16,16,18,18,20,20,22

t  f t
Qi 02=17

Removing the outlier does not affect Qj or and thus does not affect the
interquartile range. The value of Q2 changes from 18 to 17.

StudyTip
Parallel Box-and-Whisker Plot

A double box-and-whisker

plot Is sometimes called a

parallel box-and- whisker plot.

Example

CLIMATE Lucas is going to go to college in
either Dallas or Nashville. He wants to live B|||liS
in a place that does not get too cold. So he
decides to compare the average monthly 36
low temperatures of each city. Feb. 41

a. Draw a double box-and-whisker plot for Mar. 49
the data. 56
Determine the quartiles and outliers for r

,  ̂ May 65
each city.

June 73

Dallas —
July 77

36,39,41,47,49,56,58,65,69,73,76,77 ;; —
A  4 i

0,144 Q^lsy Q3l7, ^
Oct. 58

Nashville

28,31, 32,39,40,47,49,57,61,65,68,70 — —

t  i \ ^
Q,= 35.5 02 = 48 03 = 63 Source: wealhor.com

There are no outliers. Draw the plots using the same number line.

Nashville ■ I 1 t •

Source: wealhor.com

20 25 30 35 40 45 50 55 60 65 70 75 4.80

b. Use the double box-and-whisker plot to compare the data.

The interquartile range of temperatures for both cities is about the same.
However, all quartiles of the Dallas temperatures are shifted to the right of
those of Nashville, meaning Dallas has higher average low temperatures.

c. One night in August, a weather reporter stated the low for Nashville as being
"only 65." Is it appropriate for the weather reporter to use the word only in
the statement? Is 65 an unusually low temperature for Nashville in August?
Explain your answer.

No, 65 is not an unusually low temperature for August in Nashville. It is lower
than the average, but not by much.
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When displaying data, some graphs are better choices than others.

Examples

Which type of graph is the best way to display each set of data? Explain.

a. the results of the women's Olympic High Jump event from 1972 to 2008
Since the data would show change over time, a line graph would give the
reader a clear picture of changes in height.

b. the percent of students in class who have 0,1,2,3, or more than 3 pets

Since the data would show how parts are related to the whole, a circle graph
would give the reader a clear picture of how different segments of the class
relate to the whole class.

1. SURVEYS Alana surveyed several students
to find the number of hours of sleep they
typically get each night. The results are
shown in the table. Make a bar graph of
the data.

2. PLAYS The frequency table at the right
shows the ages of people attending a high
school play.

a. Make a histogram to display the data.
b. Make a cumulative frequency histogram
showing the number of people attending
who were less than 20,40, 60, or

80 years old.

3. LAWN CARE Marcus started a lawn ■■

care service. The chart shows how BB
much money he made over summer Bg
break. Make a line graph of the data. |jfQ

Alana 8 Kwam 7.5 Tomas 7.75

8.25 Kate 7.25 Sharla 8.5

IHltHliHIiHllHItHllHllHllHlll

IHllHIiHIlffliHIiHItHllHllil

mmmmm

25 40 45 75 85 95 95

Use each set of data to make a stem-and-leaf plot and a box-and-whisker plot.
Describe how the outliers affect the quartile points.

4. 165, 63, 69, 71, 73, 59, 60, 70, 72, 66, 71, 581

5. {31, 30, 28, 26, 22, 34, 26, 31, 47, 32,18, 33, 26, 23,18)

a FINANCIAL LITERACY The table shows how Ping
spent his allowance of $40. Make a circle graph BSBBS
of the data.

savings

downloaded music

snacks

7. JOGGING The table shows the number of miles Hannah jogged each day for
10 days. Make a line graph of the data.

xonnectED.mcgraw-hill.com I P45



8. BASKETBALL Two basketball teams are analyzing the number of points they scored
in each game this season.

Lions: 48,52, 55,49,53,55,51,50,46,53,47,55,50,51, 60,52,57,56,58,55
Eagles: 35,39,37,40,44,42, 53,42,40,44,48,46,43,47,45,41,45,43,47,48

a. Make a double box-and-whisker plot to display the data.
b. How does the number of points scored by the Lions compare to the number of

points scored by the Eagles?
c. Ill the first game of the post season, a sports announcer reported the Lions

scored a whopping 60 points. Is it appropriate for the announcer to use the
word whopping in the statement? Is 60 an unusually high number of points for
the Lions to score? Explain your answer.

9. TESTS Mr. O'Neil teaches two algebra classes. The test scores for the two classes
are shown.

Third Period

77 98 1 85 79 76 86 1 84 91 67 88 93 87

99 78 , 81 80 82 1 84 j 83 1 85 84 95 90

Sixth Period

91 93 88 75 80 78 81 90 82 < 95 76

89 79 93 88 85 94 83 88 91 , 72 88 70

a. Make a double box-and-whisker plot to display the data.
b. Write a brief description of each data distribution.
c. How do the scores from the third period class compare to the scores from the

sixth period class?

Which type of graph is the best way to display each set of data? Explain.

10. an organization's dollar contributions to 4 different charities

11. the prices of a college football ticket from 1990 to the present

12. the percent of glass, plastic, paper, steel, and aluminum in a recycling center

13. DISCUS The winning distances for the girls' discus throw at an annual track meet
are shown below.

j Year j 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

: Distance (m) 1 119 124 126 129 130 130 133 135 136 1 137 138 140

a. Make a stem-and-leaf plot to display the winning distances.
b. Make a histogram to display the winning distances.
c. What does the stem-and-leaf plot show you that the histogram does not?
d. If this trend continues, what would you expect the winning distance to be in

2030? Is your answer reasonable? Explain.

14. DRINKS Tate is buying drinks for a party. He is comparing 2-liter bottles to 12-packs
of 12-oimce cans. The prices of 2-liter bottles are $0.99, $1.99, $1.87, $1.79, $1.29, $1.43,
and $1.15. The prices of 12-packs are $2.50, $4.25, $3.34, $2.65, $3.19, $3.89, and 2.99.

a. Make a double box-and-whisker plot to display tlie data.
b. Notice that instead of comparing price per item it would be more beneficial

to compare price per ounce. What is the price per ounce of each item if a 2-Iiter is
approximately 67 ounces and a 12-pack is 144 oimces? Rotmd to the nearest cent.

c. Make a new double box-and-whisker plot from the data obtained in part b.
d. Which is the better deal, the 12-packs of cans or the 2-Uter bottles? Explain.
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