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3.1 Probability Terminology
Weather Forecasting
Red Bluff
10 Day Weather
Forecast

→

How is a weather forecast determined?
The weather data recording equipment at the Redding Airport
records local temperature, wind speed and direction, relative
humidity, barometric pressure, and rainfall. Using data such as
these and other readings, a forecaster can determine a certainty of
precipitation in nearby regions.
The probability of precipitation is determined by multiplying the
forecaster's certainty probability that it will rain by the percentage
of areal coverage expected by the precipitation. For example, if a
forecaster is 80% certain it will rain, but expects rain to fall on only
50% of a certain region, the probability of rain will be announced
as 40%.
Probability
Precipitation
0%
10%

Descriptive Terms Used

20%

Slight chance

50%

Chance, scattered

70%

Likely, numerous

100%

Categorical ("Rain this afternoon")

	
  

Possible
Certainty Probability × Areal Coverage
None

None
Slight chance, isolated

100% Certainty × 10% Areal Coverage
50% Certainty × 20% Areal Coverage
100% Certainty × 20% Areal Coverage
20% Certainty × 100% Areal Coverage
100% Certainty × 50% Areal Coverage
80% Certainty × 62.5% Areal Coverage
100% Certainty × 70% Areal Coverage
80% Certainty × 87.5% Areal Coverage
100% Certainty × 100% Areal Coverage
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Weather forecasting is an example of probability that we
are all familiar with. In this chapter, we will examine
other applications of probability.
Vocabulary

Examples

Probability is the likelihood of an event
occurring.
A probability experiment is a chance
process that leads to well-defined results
called outcomes.
An outcome is the result of a single trial of a
probability experiment.
A sample space, denoted S, is the set of all
possible outcomes of a probability
experiment.
An event, denoted E, is a set of desired
outcomes of a probability experiment.
Equally likely events are events that have the
same probability of occurring.

Demonstration Problems

Practice Problems

Write the sample space for the following
experiments.

Write the sample space for the following
experiments.

1. (a) tossing a coin

1. (b) rolling a six-sided die

2. (a) tossing two coins

2. (b) rolling 2 six-sided dice

3. (a) tossing a coin and rolling a six-sided
die

3. (b) tossing a coin and choosing a letter
from a to e

Answers: 1. (b) {1, 2, 3, 4, 5, 6} 2. (b) {(1,1), (1,2), (1,3), (1,4), (1,5), (1,6), (2,1), (2,2), (2,3), (2,4), (2,5), (2,6), (3,1), (3,2), (3,3),
(3,4), (3,5), (3,6), (4,1), (4,2), (4,3), (4,4), (4,5), (4,6), (5,1), (5,2), (5,3), (5,4), (5,5), (5,6), (6,1), (6,2), (6,3), (6,4), (6,5), (6,6)}; 3. (b)
{Ta, Tb, Tc, Td, Te, Ha, Hb, Hc, Hd, He}
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Examples

Classical Probability is the frequency that an
event occurs divided by the total number of
outcomes possible, provided each outcome is
equally likely.

the probability that …

Empirical Probability is the frequency that an
event occurs divided by the number of times an
experiment is performed.

the probability of …

Subjective Probability is the belief of the
probability of an event.

the probability that …

Probability Rule 1

Example

The probability of any event E, is a number
(either a fraction or decimal) between and
including 0 and 1. This is denoted by
0 ≤ P(E) ≤ 1
Probability Rule 2

Example

If an event E cannot occur (i.e., the event
contains no members in the sample space), the
probability is zero.
Probability Rule 3

Example

If an event E is certain, then the probability of
E = 1.

Probability Rule 4

Example

The sum of the probabilities of all outcomes in
a sample space is 1.
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Example

The probability of an event E is
number of outcomes in E
total number of outcomes in the sample space

n(E)
N(S)

This probability is denoted by P(E) =
This probability is called
classical probability
and uses the sample space, S.

Demonstration Problems

Practice Problems

Find the probability that

Find the probability that

4. (a) the outcome of the rolling a die is 2

4. (b) a card randomly drawn from a
standard 52-card deck is a 3 of hearts

5. (a) the outcome of tossing two coins is TT

5. (b) the gender outcomes of a randomly
chosen family of 2 children is 2 boys

6. (a) the outcome of tossing a coin and
rolling a six-sided die is H3

6. (b) the outcome of tossing a coin and
choosing of a letter from a to e is Ta

7. (a) the outcome of rolling a fair die is
less than 10

7. (b) the outcome of rolling a fair die is 9

Answers: 4. (b)
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Example

The probability of an event E is
frequency for the class
f
= .
total frequencies in the distribution n
This probability is denoted by P(E) =

f
.
n

This probability is called empirical probability
and is based on observation.

Math lab records for the past week indicate that 79 students stayed in the math lab for the
number of hours shown in the distribution
Number of hours stayed Frequency
1 (or less)
32
2
28
3
15
4 (or more)
4
Use the table above to answer the following questions:
Demonstration Problems

Practice Problems

Find the probability of the event, E, in which

Find the probability of the event, E, in which

8. (a) E = a student stayed exactly 2 hours

8. (b) E = a student stayed exactly 3 hours

9. (a) E = a student stayed at least 2 hours

9. (b) E = a student stayed more than 2
hours

Answers: 8. (b) 0.190; 9. (b) 0.241
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Complementary Events

Example

The complement of an event E is the set of outcomes in
the sample space that are not included in the outcomes
of event E. The complement of E is denoted by E
(read "E " bar). The author of the OpenStax Statistics text uses
the symbol E ’ (read E prime) to represent the complement of E.

P( E ) = 1 – P(E)

Rules for Complementary Events

P(E) = 1 – P( E )
P(E) + P( E ) = 1

Demonstration Problems

Practice Problems

Find the complement of the event, E, in which

Find the complement of the event, E, in which

10. (a) E = the outcome of rolling a die is
an even number

10. (b) E = the outcome of rolling a die is
greater than or equal to 4

E =

E =

11. (a) E = {fall months} and S = {all
months}

11. (b) E = {black cards} and S = {52-card
standard deck}

E =

E =

Find the probability of E and

E if
12. (a) E = {1} and S = {1, 2, 3, 4, 5, 6}

Find the probability of E and

P(E) =

P(E) =

P( E ) =

P( E ) =

13. (a) Find the probability of a student not

13. (a) Find the probability of a student not

buying tater tots at the cafeteria if the
probability that a student will buy tater tots is

getting stopped at a stop light if the probability
that a student will get stopped at a stop light is

1
.
25

4
.
5

E if
12. (b) E={BB} and S={BB, BG, GB, GG}

Answers: 10. (b) {1, 2, 3}; 11. (b) {red cards}; 12. (b) P(E) =
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Disjunction, “Or ”
In casual conversation, the English language allows an ambiguity to exist when using the
word “or ”. Consider the following two examples:
•
•

Would you like soup or salad with your meal?
This product may contain tree nuts or peanuts.

In the first example, the patron knows the meal will include either soup or salad, but
not both. However, in the second example, the consumer knows the disclaimer means
the product may contain tree nuts, the product may contain peanuts, or the product may
contain both tree nuts and peanuts.
In mathematics, we must eliminate this ambiguity. Therefore, it has been defined that
when two mathematical statements are joined with the word “or ”, either the first
statement is true, the second statement is true, or both statements are true.
Here is one more real world example:
•

A hungry bicyclist stops at a Farmer’s Market to buy a piece of fruit. He can
carry only one piece of fruit while bicycling. Two farmers are selling the
following
Joel’s Juicy Fruits

orange

plum

banana

Fancy Fruits

peach

peach apple

pear

Between the two fruit stands, the cyclist can buy includes an orange, a plum, a banana, a
peach, an apple, or a pear. Notice that the interpretation of “or ” in this context includes
the full offerings from each farmer, but not a double listing of the peach.
Joel’s Juicy Fruits or Fancy Fruits

orange plum banana

peach apple pear

Here is a mathematical example that is similar to the farmer’s market example:
If A = {1, 2, 3, 4} and B = {4, 5, 6}, then A or B = {1, 2, 3, 4, 5, 6}.
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Conjunction, “And ”
In casual conversation, the connective word “and” does not produce an ambiguity,
however, confusion may occur if the context is not carefully set. Consider:
•
•

The patron would like to have soup and salad with the meal.
The patron would like to have the soup if it is both spicy and chunky.

If the meal includes a single side dish of soup or salad, it cannot be both soup and salad,
however the patron could pay extra in order to have both soup and salad. Here, the
context is two separate side dishes. In the context of a single side dish, the patron could
certainly ask for soup that is both spicy and chunky without extra cost.
In mathematics, if two mathematical statements are connected with the word “and”, then
both must be true for the desired outcome.
Here is one more real world example:
•

A student stops at a Farmer’s Market to comparison shop for the best fruit. Two
farmers are selling the following
Joel’s Juicy Fruits

orange

plum

banana

Fancy Fruits

peach

peach

apple

pear

In this case, the student can only compare the quality of the peach sold by Joel and the
peach sold by Fancy Fruits. Notice that the interpretation of “and ” in this context
includes only the peach.
Joel’s Juicy Fruits and Fancy Fruits
peach

Here is a mathematical example:
If A = {1, 2, 3, 4} and B = {4, 5, 6}, then A and B = {4}.
Demonstration Problems

Practice Problems

14. (a) A = {1, 3, 6} and B = {2, 4, 6}, then
A or B =

14. (b) A = {a, b, c} and B = {b, c, d}, then
A or B =

15. (a) A = {1, 2, 3, 8, 9, 10} and B = {2, 4},
then A and B =

15. (b) A = {a, b, c} and B = {b, c, d}, then
A and B =
Answers: 14. (b) {a, b, c, d};
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Example
Consider the following data from a random
sample of 100 individuals:

The conditional probability of an event B with
respect to event A is the probability that event
B occurs after A has already occurred, denoted
P(B|A).
P(B|A) =

P(A and B)
P(A)

When the occurrence of event A is given, a
reduced sample space may be used in
determining the probability of event B.

Right-handed

Left-handed

43
44

9
4

Males
Females
	
  

Suppose that an individual is randomly
selected.
Let A = {males}
Let B = {left-handed individuals}
Let C = {females}
Let D = {right-handed individuals}

9
P(A and B) 100 9
=
=
P(B|A) =
52 52
P(A)
100

Demonstration Problems
Using the table of data and events described above,
find the following conditional probabilities.

Practice Problems
Using the table of data and events described above,
find the following conditional probabilities.

16. (a) P(B|C) =

16. (b) P(D|A) =

17. (a) P(D|C) =

17. (b) P(A|D) =

Answers: 16. (b)
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17. (b)

43
87

