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Decimals, Fractions, and Percentages

• We typically represent numbers in the system known as base-10 (or decimal), which uses the
ten digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9.

• To represent a part of a whole we use a decimal point. When reading a number aloud, we use
the word ’and’ to indicate the decimal point.

(1) 328.456 is read as ’three hundred twenty-eight and four hundred fifty-six thousandths’ ; 3 is
in the hundreds position, 2 in the tens, 8 in the ones, 4 in the tenths, 5 in the hundredths,
6 in the thousandths.

(2) 328.456×10 = 3284.56, as multiplying by 10 moves the decimal point one place to the right.

(3) 328.456 × 100 = 328.456 × 10 × 10 = 32845.6, and we have moved the decimal point two
places to the right.

(4) 328.456 ÷ 1000 = 328.456 ÷ 10 ÷ 10 ÷ 10 = .328456, and we have moved the decimal point
three places to the left.

(5) We round a number to a particular place by examining the digit to the right of that place.
For example, to round 328.456 to the nearest tenth, we examine the 5 in the hundredths
place. Since this value is greater than or equal to 5, we round ’up’ to 328.5.

328.456 ≈ 328.500,when rounded to the nearest tenth

328.426 ≈ 328.400,when rounded to the nearest tenth

• A fraction is another way of representing a part of a whole number. A fraction is a rational
number when the numerator and denominator are both integers.

(1) 2
3
may indicate, for example, having 2 slices out of a pie that has a total of 3 slices.

(2) Observe
2

3
=

2× 5

3× 5
=

10

15

, illustrating that fractions can be represented in an infinite number of ways by multiplying
the numerator (i.e. top number) and denominator (i.e. bottom number) by the same
value.

(3) To simplify/reduce a fraction, we divide the numerator and denominator by a common factor
until it is irreducible.

12

18
=

12÷ 3÷ 2

18÷ 3÷ 2
=

12÷ 6

18÷ 6
=

2

3

• A percentage is a number that is followed with a % sign and which represents a fraction over
100.

(1) 25% = 25
100

= 0.25

(2) 3
4
= 3×25

4×25
= 75

100
= 75% = 0.75

(3) .0001 = 1
10000

= 1÷100
10000÷100

= .01
100

= .01%
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(4) 25% of 8 = (25%)(8) = 25
100

· 8 = 1
4
· 8 = 8

4
= 2

• When a value increases/decreases, we may be interested in the percent change. That is, we
wish to answer the question

What percentage of the original value is the increase/decrease?

• Percent change = change
|original value| × 100, followed by a % sign.

∗ 2 → 8 is an increase of 6.

∗ change
|original value| × 100 = 6

2
× 100 = 3× 100 = 300 =⇒ percent change = 300%.

∗ 4.5 → 4 is a decrease of 0.5 (i.e. a change of −0.5).

∗ change
|original value| × 100 = −.5

4.5
× 100 = −1

9
× 100 ≈ −11.111 =⇒ percent change ≈ −11.111%.

• Be cautious not to confuse the following two, distinct ideas:

∗ 5% → 20% is an increase of 15 percentage points (i.e. the arithmetic difference of
two percentages).

∗ 20% is 400% of 5% (i.e. 20% = 400% × 5% ), and 400% is 300% more than 100%. A
misleading advertisement might report this ’increase of 300%’ instead of ’an increase of 15
percentage points’.

(1) Suppose alcohol consumption dropped from 50% of the population being avid drinkers to
40% of the population being avid drinkers. 50% → 40% is a decrease of 10 percentage
points, but it’s grammatically correct to say ’alcohol consumption decreased by 20%’
since

40%

50%
− 1 = −0.2 =⇒ −20%

(2) Note that in (1) above we generalized the process for finding this difference in percent
(for positive percentages, with ’new vs old’ as a base of comparison):

diff. in % , based on percentage of original value =

(
new %

old %
− 1

)
, expressed as a percentage.

Scientific Notation

• Oftentimes when we deal with numbers that are very small or very large (e.g. the national debt,
the speed of light, the diameter of an atom, the number of unique chess positions), it is necessary
to express our values in a condensed form known as scientific notation. This allows us to easily
read the number, interpret it, compare it with other values, and so on. In scientific notation, our
values appear as

±a.bcd...× 10n, where a, b, c, d, ... are digits, a ̸= 0, and n is an integer.

Note that only one digit may appear to the left of the decimal point in this form.

(1) 300000000 meters per second = 3×108 meters per second ≈ the speed of light in a vacuum.

(2) 2456 = 24.56× 102 = 2.456× 103 , which is in scientific notation with a = 2.

(3) 0.3124 = 3124× 10−4 = 3.124× 10−1 , which is in scientific notation with a = 3.

(4) −2.123× 107 is in scientific notation, with a = 2, as the expression can be negative.
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Focus Problems

(1) True or false: 234.56 < 234.056.

(2) Convert the following percentage to a decimal (with no percent sign): 0.0075%.

(3) Evaluate (10%)(4.5).

(4) Find the percent change from 200 to 240.

(5) Find the percent change from 240 to 200.

(6) Interest rates at your bank are increasing! They were 2%, but have now increased by one per-
centage point. Find the new interest rate.

(7) Interest rates at your bank are increasing! They were 2%, but have now increased by one percent
(i.e. not percentage ’point’). Find the new interest rate.

(8) Write the following fraction as a percentage, and then as a decimal (with no percent sign): 6
8
.

(9) In 2018, the GDP (gross domestic product) of China was ≈ 13 trillion (in US dollars). Write this
GDP in scientific notation.


