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Ch. 4.3

4.3 The Binomial Distribution
Example 1: The former Sacramento King's DeMarcus Cousins makes 77% of his free
throws. If he shoots 3 times, what is the probability that he will make exactly 0, 1, 2, or 3
baskets?
Complete the following tree diagram to find these probabilities.
S = Successful free throw

F = Failed free throw

0.77
S

0.77

0.23

0.77

S

P (SSS) = (0.77)3 ≈ 0.457

0.23

F

P (SSF) = (0.77)2 (0.23) ≈ 0.136

S

F

0.23
F

Use the tree diagram to complete the following probability distribution:
X (Number of successful
free throws)

P (X )

0
1
2
3
If we want to know P (20 consecutive successful free throws), then we'll need a more
efficient method of calculation. Since this example qualifies as a binomial experiment,
we can use the Binomial Probability Formula (page 3). But first, we need to understand
what qualifies a probability experiment as binomial.
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Binomial Experiment
g A binomial experiment is a probability experiment that satisfies the following four
requirements:
1. Each trial can have only two outcomes, success and failure.
2. There must be a fixed number of trials.
3. The outcomes of each trial must be independent of each other.
4. The probability of a success must remain the same for each trial.
Determine if the following meet the binomial experiment criteria or not.
Each trial
has two
outcomes,
success and
failure

(a) Toss a fair coin 5 times and let X = number of
heads in 5 tosses.
(b) Toss a biased coin (heavier on one side) 5
times and let X = number of heads in 5 tosses.
(c) Toss a fair coin until a head appears and let X
= number of tosses.
(d) Roll a die 4 times and let X = the number of
3's.
(e) Draw 3 balls without replacement from a jar of
5 balls (3 are green and 2 are red) and let X = the
number of green balls drawn.
(f) Draw 3 balls with replacement from a jar of 5
balls (3 are green and 2 are red) and let X = the
number of green balls drawn.
(g) Guess on a 5-question, multiple-choice quiz (4
choices each question) and let X = the number of
questions guessed correctly.
(h) Draw 3 balls without replacement from a
container of 4,000 balls (2000 are green and 2000
are red) and let X = the number of green balls.
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Binomial Distribution
A discrete random variable, X has a binomial distribution with parameters, n and p,
where n = the number of trials of the experiment and p = the probability of success.
We use the following notation:
X ~ B (n, p)
The distribution of
random variable X is

a binomial
distribution

where
n = the number of trials and
p = the probability of
success

Binomial Probability Formula
In a binomial experiment where the probability of success is p and the probability of
failure is q = 1 – p, then the probability of exactly X successes in n trials is
P (X ) = nCX • pX • qn–X =

n!
• pX • qn–X
(n − X)!X!

Example 2: Use the binomial probability formula to find the probability of 20
consecutive successful free throws by DeMarcus Cousins.
S=

p=

X ~ B(________, _________)

F=

q=

P (X ) =

n=

X=

Example 3: Use the binomial probability formula to find the probability that a student
will correctly guess 4 of 5 multiple-choice questions (4 choices each question).
S=

p=

X ~ B(________, _________)

F=

q=

P (X ) =

n=

X=

Example 4: Use the binomial probability formula to find the probability that at least 4 of
5 teenagers selected at random have part-time jobs if we know that 30% of all teenagers
have part-time jobs.
S=

p=

X ~ B(________, _________)

F=

q=

P (X ) =

n=

X=
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Example 5: Use the binomial probability formula to find the probability that a randomly
chosen family of 8 children will have exactly 8 girls.

Source: Mathematics, A Human Endeavor, Harold Jacobs
S=

p=

X ~ B(________, _________)

F=

q=

P (X ) =

n=

X=
Mean, Variance, and Standard Deviation of a Binomial Distribution

Let's use the method from section 4.1 to find the mean, variance and standard deviation
of the probability distribution of DeMarcus Cousins’ free throwing ability:
X (Number of
successful free
throws)

P (X )

0

0.012167

1

0.122199

2

0.409101

3

0.456533

X • P (X )

(X – µ)2 • P(X)

σ2 =

µ=

σ=
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Fortunately, for binomial distributions, simpler formulas may be applied to get this mean
and variance:
Mean, Variance, and Standard Deviation of a Binomial Distribution
In a binomial experiment of n trials, where
p = probability of success and q = probability of failure
mean
variance
standard deviation

µ=n•p
σ2 = n • p • q
σ=

n• p•q

For the probability experiment of 3 freethrows by DeMarcus Cousins, we have
mean µ =
variance σ2 =
standard deviation σ =
Example 6: A coin is tossed 4 times. Find the mean, variance, and standard deviation of
the number of heads that will be obtained.
S=

p=

X ~ B(________, _________)

F=

q=

n=

mean µ =
variance σ2 =
standard deviation σ =
Example 7: A die is rolled 480 times. Find the mean, variance, and standard deviation
of the number of 2's that will be obtained.
S=

p=

X ~ B(________, _________)

F=

q=

n=

mean µ =
variance σ2 =
standard deviation σ =
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Example 8: The Statistical Bulletin published by Metropolitan Life Insurance Co.
reported that 2% of all American births result in twins. (Actually, current data shows this
number has increased to 3% due to fertility drugs.) If a random sample of 8000 births is
taken, find the mean, variance, and standard deviation of the number of births that would
result in twins.
S=

p=

X ~ B(________, _________)

F=

q=

n=

mean µ =
variance σ2 =
standard deviation σ =

Page 6 of 6

