
Intermediate Course A2

7.9  Percent Increase and Decrease
Warm Up
What percent of 60 is 9? (15%)   40% of what number is 48? (120)   What is 12 1/2% of 144? (18)

Introduction
The first US postage stamps were
issued on July 1, 1847.The cost of a
stamp to mail a letter varied according
to the distance traveled. Since July 1,
1863, all letters in the US have a
standard rate.The rate became 3 cents
for one ounce in 1932 and has
increased over time. Copy the table on
the board.

How can you find the percent increase in
the cost of a stamp from 1932 to 1999?
(Refer to the table.) Suggest that students
compare the cost in 1932 (3¢) to the cost
in 1999 (33¢) and make an estimate of
the percent increase. Students may reason
that you subtract the original price from
the current price and use that figure to
find a percentage.What other items do
you know that have a percent increase or
decrease? (Possible answers: sports
cards, antiques and collectibles,
airfares, gasoline, used cars, outdated
items) Discuss why the cost or value of
an item might increase or decrease.
(Possible answers: inflation, scarcity,
demand, age, wear, condition) Explain
to the students that they will be finding
percent increase and percent decrease.

1 Draw the two diagrams. Point out the labels of the horizontal and 
vertical axes of the graphs to help students distinguish increase from
decrease.Ask which diagram represents an overall increase. (Diagram
A) Which diagram represents an overall decrease? (Diagram B)

2 Explain that the percent increase is a percent change that describes an
increase in a quantity.A percent decrease is a percent change that
describes a decrease in a quantity. In order to find the percent increase, first the amount of change must be
found.The amount of change is the difference between the current amount and the original amount. Help
students understand that in the case of an increase, the original amount would be subtracted from the
current amount.What would be subtracted in the case of a decrease? (The current amount would be
subtracted from the original amount.)

Objective
The students will calculate percent
increase and percent decrease and solve
problems involving percent change. Construct Meaning

A packaging company located in Iceland
exports the country’s products and
manufactures paper products for schools,
homes, and businesses. If Iceland Packaging
had 140 employees in 2000 and 175
employees in 2002, what was the percent
increase of the number of employees?

Percent increase is a percent change that describes an increase in quantity.
Percent decrease is a percent change that describes a decrease in quantity.

To determine percent increase or percent decrease, first find the amount of change.
In this case, subtract the number of employees in 2000 from the number in 2002 to
determine the amount of change.

175 employees – 140 employees = 35 employees

A proportion may be used to find percent changes.

Use the proportion to determine the percent increase in the number of employees 
at Iceland Packaging. Let n = percent increase.

Substitute the numbers. � � � =   �����
Use cross products. 140n = 100 · 35

Use inverse operations. ������� =  �������
n = 25

Write the percent. � � � = ����� = 25%

Use the proportion to find the number of tourists taking a shore excursion in
Iceland during August. There was a 20% decrease in business from July, when 240
people took the tour. Let x represent the amount of change.

Substitute the numbers. ����� =   � � �
Use cross products. 20 · 240 = 100x

Use inverse operations. ������� =  �������
48 = x

To find the number of tourists in August, subtract the amount of change from the
number of tourists in July.

There were 48 fewer tourists in August.

240 – 48 = 192

x
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x
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1975
1978
1981
1981
1985

13¢
15¢
18¢
20¢
22¢

1988
1991
1995
1999
2001

25¢
29¢
32¢
33¢
34¢
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Work through the following problem:
What is the 20%-off sale price of an item 
if the original price was $140? First determine 
the amount of change either by using an 
equation or by using a proportion.

Since this is a percent decrease, to
finish the problem the amount of
change must be subtracted from the
original price.

Some students may suggest that
another way to solve the problem
would be simply to find 80% of the
original price.This is true since 100%
of $140 (original price) – 20% of
$140 (amount of decrease) = 80% of
$140 (sale price). Encourage students
to use what they know about
percents to solve problems using the
method that is easiest for them.

3 Have students determine the percent
of change in the cost of postage for
one ounce from 1932 (3¢) to 1999
(33¢) In this case, the amount of
change is an increase.What is the
amount of increase? (33¢ – 3¢ =
30¢) Use a proportion to find the
percent increase.

Remind students that once they find
the value for n, the percent is
represented by the expression n/100
(n%). Even though the amount of
increase is not a large amount of
money, the percent of increase it
represents is very large. Have
students calculate the percent
increase in the cost of postage for
one ounce from 1932 to the present.
(n = 100(present cost – 3¢)/3¢)
Proceed to LESSON 7.9.

Check Understanding
a. The number of customers that visited Perry’s Bakery doubled in one year. The

shop manager put a sign in the window that stated, “We now serve 200% more
customers.” Is the statement true or false? Explain.

b. Brooke decreased the amount of time she spent practicing the piano from 
one hour to 45 minutes. Mentally determine the percent decrease.

c. If Iceland Packaging hired 12 more employees, which is a 20% increase in
the number of employees, what was the original number of employees?

Practice
Determine the percent increase or decrease.

1. Original price  $40 2. Original weight  102 lb 3. Original number of 
Sale price $28 New weight  127.5 lb students  215

Current number of
students  258

Determine the new amount.
4. $45 is increased by 15% 5. 120 is decreased by 40% 6. 5 lb is increased by 112%

Determine the original amount.
7. Amount of decrease  $10 8. Amount of increase  540 9. Sale price  $35

Percent change  10% Percent change  80% Discount  30%

Apply
10. The population of Monterey Heights decreased from 16,750

to 15,745 in one year. Determine the percent decrease.

11. Mr. Divatz’s car has decreased in value by 20% of its original price of $13,500. How
much is Mr. Divatz’s car worth?

12. Because of the success of the local rugby team, the number of people registered in
the fan club increased by 200 people, which is 80% of the original number of fans.
How many people are now registered in the fan club?

13. Mr. Bakke recorded the time it took the students to run around the perimeter of
the school at the beginning of the year and at
the end of the year. Between Gina and Andrea,
who had the greater percent of improvement?
What was that student’s percent of improvement?  

14. Todd bought a pack of basketball cards that contained a rookie card of a player who
later became famous. He paid $0.03 for the rookie card, and fifteen years later, the
card was worth $1200. Determine the percent increase of the card’s value.

False, it actually increased 100%.

60 – 45 = 15 min,
15 min = 1/4 of 60, which is 25%

60 original employees (12/original number = 20/100) 

30% decrease 25% increase

20% increase

$51.75 72 10.6 lb

$100 675 $50

6%

$10,800

450 people

Gina; 16 2/3% improvement

3,999,900%

1. A fraction is equivalent to 2/3. Its denominator is 25 more than
its numerator. What is the fraction? (50/75)

2. What is the number of units in the length of segment RS?
Express as a mixed number. (2 3/5 units) 

Math Moments

R S
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amount of
change = 20% of $140

= 0.20 · $140
= $28

=
percent change

100
amount of change

original amoun t

=

20 · $140 = 100 x

$28 = x

20
100

x
$140

=
$2800

100
100 x
100

OR

original price – amount  of change = sale price
$140 – $28 = $112

=

=

=

 = 1000

percent change
100

amount of change
original amount

3  = 100 · 30
100

30¢
3¢

3
3

3000
3

think:              =          = 1000%100
1000
100155
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Intermediate Course A2

9.10  Circles
Warm Up
Evaluate the following expressions. Do not substitute any value for π.
5x2, for x = 0.2 (0.2)
yx3, for x = 3 (27y)
12ab, for a = 5 (60b)
π × x, for x = 142 (142π)
π(r2 ), for r = 13 (169π) 

Introduction
Wrap a THIN STRIP OF PAPER around
the top circular edge of a CAN and
mark the distance.Ask students what
this distance is called. (The distance
around a circle, or its perimeter, is
called the circumference, represented
by C.)  Then mark the distance across
the end of the can starting from the
same end of the strip and ask students
to identify that distance. (diameter,
represented by d) Remind students
that a chord is a line segment joining
any two points on a circle.The diameter
is the length of the chord that passes
through the center of the circle.Will
chords that are not diameters ever be
longer than a diameter? (No.) Fold the
strip by diameter lengths to show that
three diameters fit in the length of the
circumference with a little left over.Ask
students to state an approximate ratio of
diameter to circumference from this
observation.Will this relationship hold
true for any circle? (Yes.) What is the
ratio between circumference and
diameter called? (Pi, π, is the ratio of
circumference to diameter.)
Students should recall that π is a non-
repeating decimal that has an
approximate value of 3.14.

1 Discuss the history of this number,“a little more than three.”The ancient Babylonians (about 2000 B.C.)
estimated it was 3 1/8. Share 1 Kings 7:23 and information from Biblical Connection. Over the years, the
number of known decimal places continued to increase until it was proven in the 18th century that π was
an irrational number. Review that an irrational number cannot be written as a simple fraction. Even
though π is an irrational number, another approximation that can be used is 22/7.Ask students when they
would prefer to use 22/7 instead of 3.14. (when dealing with fractions) 

2 Explain that when we use π ≈ 22/7 or 3.14, we are not obtaining a precise answer but rather a more
practical answer. Students may be uncomfortable leaving answers as 169π (as in Warm Up), but help them
understand that this is the only exact value. Explain that 169π means 169 times π, where π is not a variable
like x, but a symbol for a real number, just as “3” symbolizes a particular value.

Objective 
Students will identify parts of a circle
and calculate circumference, diameter,
radius, and area. A circle is the set of all points in a plane that are

equidistant, the same distance, from a given point, P, the
center. The distance from the center to any point on the
circle is the radius, r. A chord is a line segment joining
any two points on a circle. The length of a chord that passes
through the center is the diameter, d. An angle formed by
two radii is a central angle. The sum of the measures of
all central angles in a circle is 360°. Each central angle
marks a sector of the circle.

Construct Meaning
Biking is a healthy and enjoyable way to enjoy 
God’s great outdoors. Notice the geometric terms
illustrated on the bicycle wheel.

A circle is the set of all points in a plane that are
equidistant, the same distance, from a given point, P, the
center. The distance from the center to any point on the
circle is the radius, r. A chord is a line segment joining
any two points on a circle. The length of a chord that passes
through the center is the diameter, d. An angle formed by
two radii is a central angle. The sum of the measures of
all central angles in a circle is 360°. Each central angle
marks a sector of the circle.

The diameter of a circle is twice the radius, d = 2r.
What is the formula for the radius of a circle in terms of d?

The distance around a circle, or its perimeter, is the circumference, C.
The ratio of the circumference of a circle to its diameter is always pi, or π.
This relationship, � � = π, yields the formula C = πd.
By substitution, C = 2πr.

Find the circumference of a 14-mm diameter circle.
C = πd Use the formula.
C ≈ ��� (14 mm) Substitute. Use ��� for ease in calculation.
C ≈ 44 mm Simplify.

Find the radius of a circle with a circumference of 314 inches.
C = πd Use the formula.

314 in. ≈ 3.14d Substitute. Use 3.14 for π.

� � � � � � ≈ d Solve.
100 in. ≈ d Simplify.
Since r = � , the radius is approximately 50 inches.

The area, A, of a circle is the number of square units it contains. The formula is A = πr2.
What is the approximate area of a circle with a radius of 5 cm?

A = πr2 Use the formula.
A ≈ 3.14(5 cm)2 Substitute. Use 3.14 for π.
A ≈ 78.5 cm2 Simplify.

Circles

C
d

314 in.
3.14

QP is a radius.
QM is a chord.

MN is a diameter.
∠QPN is a central  angle.

QP is a radius.
QM is a chord.

MN is a diameter.
∠QPN is a central  angle.

Q

N

P

M

d

r = d/2

Materials
• Circular can • Thin strip of paper BLM 9.10A BLM9.10B
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3 Review the definition of a circle, the set of all points in a plane that are equidistant from a given point, the center
(exact middle) of the circle. Discuss the term equidistant (the same distance). Discuss the relationship between
the radius, r, the distance from the center to any point on the circle, and the diameter (r = d/2 and d = 2r).Ask
students if all radii of the same circle are congruent. (Yes.) This fact can be used to solve problems where
different geometric figures are constructed within a circle. An angle formed by two radii is a central angle.The
sum of the measures of all central angles in a circle is 360°. Each central angle marks a sector of a circle.The

sector made by a central angle of 60°
would represent what fraction of the
circle? (60°/360° = 1/6)

4 The area of a circle can be obtained
by using the formula A = πr 2. For
an explanation of the formula use
BLM 9.10A Squares in a Circle.
Remind students that when using
the formula, they will need to first
calculate the radius if only the
diameter is given.

5 Proceed to LESSON 9.10. Use BLM
9.10B Problem Solving with
Circles for enrichment.

Math Moments

205

Check Understanding
Match each item with the appropriate figure or quantity from the circle. Use 3.14 for π.

a. Central angle
b. Chord
c. Diameter length
d. Radius
e. Sector
f. Center

g. Circumference
h. Area

i. When you found the area and circumference of the circle above, did you find an
exact or an approximate answer?

Practice
Use the circle for problems 1 through 6. Use π ≈ 3.14.

1. What is the area of the circle?
2. What fraction of the circle is sector BAC?
3. What is the area of sector BAC?
4. Find the measure of ∠DAB.
5. Find the approximate circumference of the circle.
6. Classify �DAB by angle size and side lengths.

Apply
7. A student drew a cross-section of a sapling to show its new growth. The diameter

of the inner core is 1 inch and the diameter of the tree is 1.4 inches. Use π ≈ 3.14
and round your answer to the nearest hundredth.
a. What is the area of the cross-section of the tree?
b. What is the area of the tan inner core?
c. What is the area of the new growth ring?

8. Consider a bike wheel with a diameter of 24 inches.
a. Approximately how far does a point on the wheel travel in one revolution

(turn) of the wheel? Use π ≈ 3.14. Round your answer to the nearest inch.
b. Approximately how many revolutions are necessary to travel a mile?

9. Determine which of the following covers a greater land area—one spruce tree
with a base diameter of 1 meter or three 0.5-meter diameter trees.

Challenge
10. Tara wants to cover one-fourth of a 44-square foot garden with bushes. If her

design includes 14 bushes, what size (approximate diameter) bushes should she
purchase?

Tree cross-section

B

A

C

E

D

3.5 in.

B

A

C

D

60°

12 cm
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∠BAC
CE

7 in.
AB
DAB
A

21.98 in.
38.465 sq in.

approximate

452.16 sq cm
1/6

75.36 sq cm
120°

75.36 cm
Obtuse isosceles

1.54 sq in.
0.79 sq in.

0.75 sq in.

75 in.

845 revolutions

One 1-meter tree covers 0.25π sq m, which is greater than 0.1875π sq m (3 times 0.0625π sq m).

1-foot diameter bushes (1/4 × 44 sq ft = 11 sq ft; 11 sq ft/14 bushes = 0.786 sq ft per bush;
0.786 sq ft = πr2; r = 0.5 ft; d = 1 ft)

Bible Connection
The study of π is an excellent
opportunity to point out the riches of
truth that God provides in His Word.We
can be amazed that the idea of a ratio of
circumference to diameter is included in
Scripture:“And he (Solomon) made the
Sea of cast bronze, ten cubits from one
brim to the other (diameter = 10); it was
completely round. Its height was five
cubits, and a line of thirty cubits
measured its circumference
(circumference = 30).” 1 Kings 7:23.
Skeptics, however, have jumped on the
seeming inaccuracy here to criticize
God’s Word. Further exegesis of these
verses has found even greater accuracy
than appears at first glance. For more
information, search the web! Some
possible sources are
home.teleport.com/~salad/4god/pi.htm
and
www.answersingenesis.org/docs/494.asp.

4"Find the approximate area of the shaded portion
of the circle. Use π ≈ 3.14. (4.56 sq in.
A of circle = 50.24 sq in.
A of triangle = 8 sq in.
A of quarter circle = 12.56 sq in. and 12.56 – 8 = 4.56)
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