
MATH 1342
Section 4.4



Sampling Distributions

Let’s look at the “sampling distribution of the means” for a set of data –
this is the same as the “distribution of the sample means”.
Consider the population consisting of the values 3,5,9,11 and 14.

μ = _________________ σ = ________________



Consider the population consisting of the 
values 3,5,9,11 and 14.
Let’s take samples of size 2 
from this population.
The set above is the sampling 
distribution of size 2 for this 
population.
List all the possible pairs from 
3,5,9,11 and 14 and find their 
means.



Consider the population consisting of the 
values 3,5,9,11 and 14.
What about for the sampling 
distribution of size 3?



Comparison of Mean and Standard Deviation.
Compare 𝜇𝜇𝑥̅𝑥(the mean of the sample means) to μ .
What do you notice about 𝜎𝜎𝑥̅𝑥?



Suppose that 𝑥̅𝑥 is the mean of a simple random sample of size n drawn 
from a large population. If the population mean is μ and the population 
standard deviation is σ , then the mean of the sampling distribution of 
𝑥̅𝑥 is 𝜇𝜇𝑥̅𝑥 = μ and the standard deviation of the sampling distribution is 
𝜎𝜎𝑥̅𝑥 = 𝜎𝜎

𝑛𝑛
. 

If our original population has a normal distribution, the sample mean’s 
distribution is 𝑁𝑁 𝜇𝜇, 𝜎𝜎

𝑛𝑛
.

Calculating X~𝑁𝑁 𝜇𝜇, 𝜎𝜎
𝑛𝑛

will give the probability that a randomly 
selected sample (with given criteria) would have the described mean.



An unbiased statistic is a statistic used to estimate a parameter in such 
a way that mean of its sampling distribution is equal to the true value 
of the parameter being estimated.

We consider the above values to be unbiased estimates of our 
distribution.



The Central Limit Theorem

The Central Limit Theorem states that if we draw a simple random 
sample of size n from any population with mean μ and standard 
deviation σ , when n is large the sampling distribution of the sample 
mean x is close to the normal distribution 𝑁𝑁 𝜇𝜇, 𝜎𝜎

𝑛𝑛
.



Large Numbers

Determining whether n is large enough for the central limit theorem to 
apply depends on the original population distribution. The more the 
population distribution’s shape is from being normal, the larger the 
needed sample size will be. 

A rule of thumb is that n > 30 will be large enough.



Examples:
The mean TOEFL score of international students at a certain university 
is normally distributed with a mean of 490 and a standard deviation of 
80. Suppose groups of 30 students are studied. Find the mean and the 
standard deviation for the distribution of sample means.

Determine the probability that a randomly selected sample, described 
above, would have an average score of less than 500.



A waiter estimates that his average tip per table is $20 with a standard deviation of $4. If we take 
samples of 9 tables at a time, calculate the following probabilities when the tip per table is 
normally distributed.

What is the mean of the sample means?

What is the standard deviation of the sample means?

What is the probability that the average tip for one sample is less than $21?

What is the probability that the average tip for one sample is more than $21?

What is the probability that the average tip for one sample is between $19 and $21?



Sampling Proportions
When X is a binomial random variable (with parameters n and p) the statistic 
𝑝̂𝑝, the sample proportion, is equal to 𝑋𝑋

𝑛𝑛
.

The mean of the sampling distribution of 𝑝̂𝑝 is 𝜇𝜇 �𝑝𝑝 = 𝑝𝑝, and the standard 

deviation is 𝜎𝜎�𝑝𝑝 = 𝑝𝑝(1−𝑝𝑝)
𝑛𝑛

. *

Calculating 𝑝̂𝑝~𝑁𝑁 𝑝𝑝, 𝑝𝑝(1−𝑝𝑝)
𝑛𝑛

will give the probability that a randomly 
selected sample, as described above, will have the described probability of 
success (or X successes out of size n).*

* See conditions on the next slide



Conditions for Sampling Proportions

If our population size is at least 10 times the sample size, the standard 

deviation of 𝑝̂𝑝 is 𝜎𝜎�𝑝𝑝 = 𝑝𝑝(1−𝑝𝑝)
𝑛𝑛

. (Note: If the population size is not 
given, we can assume this condition has been met.)

We can use the normal approximation for the sampling distribution of 
𝑝̂𝑝 when np ≥ 10 and n(1− p) ≥ 10.



Example:
A laboratory has an experimental drug which has been found to be 
effective in 93% of cases.  The lab decides to test the drug of a sampling 
distribution of 150 mice.  Determine the mean and standard deviation 
for this sample distribution.

Determine the probability that, in a randomly selected sample, the 
drug will be effective on at least 135 of the mice.



A large high school has approximately 1,200 seniors. The administration 
of the school claims that 82% of its graduates are accepted into 
colleges. If a simple random sample of 100 seniors is taken, what is the 
mean and the standard deviation of the sampling distribution?

Mean of the sample distribution:

Standard Deviation of the sample distribution:



Based on the population and sample size, can probabilities be calculated using 
a normal distribution?

What is the probability that at most 64 of the sample will be accepted into 
college?

What is the probability that between 75 and 85 will be accepted into college?



Comparison of Sampling Means and Sampling 
Proportions:
Sampling Means:
You will be given the following information: sample size (n), population 
mean (μ), and a population standard deviation (σ).

You can apply 𝑁𝑁 𝜇𝜇, �𝜎𝜎 𝑛𝑛 if n > 30, or if you a normal distribution is 
specified.

Sampling Proportions:
You will be given the following information: sample size (n), population 
proportion (p).

You can apply 𝑁𝑁 𝑝𝑝, 𝑝𝑝 1−𝑝𝑝
𝑛𝑛

if (1) population > 10n, (2) np ≥ 10, and 
(3) n(1-p) ≥ 10



Example:
It is estimated that mean sleep per night (in hours) is 7 hours with a 
standard deviation of 90 minutes, and is normally distributed.
Doctors believe that the ideal amount of sleep a person should have is 
in between 8 and 10 hours per night.  You select a sample of 40 people.  
What is the probability that this sample has a mean sleep time within 
the ideal limits?



Second Example:
In a population of 10,000 people, it is determined that 90% of people 
do not get enough sleep each night.  You select a sample of 100 people 
to test this statistic.  What is the probability that, within the sample you 
selected, between 85 and 95 people do not get enough sleep?
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