
Math 145 - Elementary Statistics March 11, 2008

Central Limit Theorem

• Parameter. A parameter is a numerical descriptive measure of a population. This quantity is usually
unknown but it is constant at a given time.

Examples: µ, σ2, σ, ρ.

• Statistic. A sample statistic is a numerical descriptive measure of a sample. Its value is calculated
from the observations in the sample.

Examples: x̄, s2, s, p̂.

• Sampling Distribution. The sampling distribution of a sample statistic calculated from a sample
of n measurements is the probability distribution of the statistic.

• Point Estimator. A point estimator of a population parameter is a rule or formula that tells us how
to use the sample data to calculate a single number that can be used as an estimate of the population
parameter.

• Unbiased Estimator. If the sampling distribution of a sample statistic has a mean equal to the
population parameter the statistic is intended to estimate, the statistic is said to be an unbiased
estimator of the parameter. Otherwise, the statistic is said to be biased estimator of the parameter.

• Sampling Distribution of a Sample Mean: If a population has the N(µ, σ) distribution, then
the sample mean X̄ of n independent observations has the N(µ, σ/

√
n) distribution.That is,

X̄ ∼ N(µ, σ/
√

n). (1)

• Central Limit Theorem: Draw an SRS of size n from any population with mean µ and finite
standard deviation σ. When n is large (rule of thumb: n ≥ 30), the sampling distribution of the
sample mean X̄ is approximately normal with mean µ and standard deviation σ/

√
n. That is,

X̄ ≈ N(µ, σ/
√

n). (2)

• Practice:

1. A soft-drink machine is regulated so that it discharges an average of 200 ml per cup. If the
amount of drink discharged is normally distributed with a standard deviation equal to 10 ml,
what is the probability that a cup will contain less than 188 ml?

2. In the previous problem, suppose we sample 25 cups from this machine and take their average
content. What is the probability that, the average content of these 25 cups is less than 188 ml?



3. The average time it takes a senior high school student to complete a certain achievement test
is 46.2 minutes with standard deviation of 8 minutes. Assume that the time required for senior
high school students to complete this test is normally distributed.

a. Find the probability that a randomly selected senior high school student will complete the
test in less than 41 minutes.

b. Find the probability that if 25 randomly selected senior high school students who took the
test, the mean time it takes the group to complete the test will be
i. less than 41 minutes.

ii. more than 49 minutes.

iii. between 41 to 49 minutes.

• Homework. (due: Thursday, March 13. Worth 10 points.)

Sec 6.1: (pp. 297-298) # 1.
Sec 6.2: (pp. 302) # 11.
Sec 6.3: (pp. 310-312) # 22, 23, 27, 28, 30, 31, 34, 35.
Supp.: (pp. 313-315) # 50, 51, 60, 62, 69.


