
Standard Normal Distribution

The standard normal distribution is a bell-
shaped probability distribution with µµµµ = 0 
and σσσσ = 1. The total area under its density 
curve is equal to 1.
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Converting  to a Standard 
Normal Distribution

x – µµµµ

σσσσ
z =
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σσσσ
z =



Example – Weights of Passengers

Weights of  taxi passengers have a normal 
distribution with mean 172 lb and standard deviation 
29 lb. If one passenger is randomly selected, what is 
the probability he/she weighs less than 174 pounds?

µµµµ =  172 z = 
174 – 172

=  0.07
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σ =   29 

µµµµ =  172 z = 
174 – 172

29
=  0.07



Example - continued

P ( x < 174 lb.) = P(z < 0.07) = 0.5279

σ =   29 

µµµµ =  172
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Example – Lightest and Heaviest

Weights of  taxi passengers have a normal 
distribution with mean 172 lb and standard deviation 
29 lb.  Determine what weight separates the lightest 
99.5% from the heaviest 0.5%? 

σ =   29 

µµµµ =  172
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σ =   29 



x = µµµµ + (z ● σσσσ)
x = 172 + (2.575 •••• 29)
x = 246.675 (247 rounded)

Example –
Lightest and Heaviest - cont
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Sampling Distribution of the 
mean

�The sampling distribution  of the mean is the 

distribution of the sample means, with all 

samples having the same  sample  size n taken 

from the same population
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Example

�Consider rolling a die 5 times and find the mean 

x of the results.
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Sampling distribution of the 
variance

�The sampling distribution of the variance is the 

distribution of the sample variances, with all 

samples having the same size n taken from the 

population
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Sampling distribution

The main objective of this section is to 
understand the concept of a sampling 
distribution of a statistic, which is the 
distribution of all values of that statistic 
when all possible samples of the same size 
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when all possible samples of the same size 
are taken from the same population.

We will also see that some statistics are 
better than others for estimating population 
parameters.



Properties

� Sample proportions tend to target the value 
of the population proportion.  (That is, all 
possible sample proportions have a mean 
equal to the population proportion.)
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equal to the population proportion.)

� Under certain conditions, the distribution of 
the sample proportion can be approximated 
by a normal distribution.



Definition

� The value of a statistic, such as the sample 
mean x, depends on the particular values 
included in the sample, and generally 
varies from sample to sample.  This 
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varies from sample to sample.  This 
variability of a statistic is called sampling 
variability.



Central Limit Theorem

The Central Limit Theorem tells us that the 
distribution of the sample mean x for a 
sample of size n approaches a normal 
distribution, as the sample size  n increases.

13Copyright © 2010, 2007, 2004 Pearson Education, Inc. All Rights Reserved.



Central Limit Theorem

1. The random variable x has a distribution 
(which may or may not be normal) with mean 
µ and standard deviation σσσσ.

Given:
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µ and standard deviation σσσσ.

2. A random sample of size n is selected from 
the population.  



1. The distribution of the sample mean x will, 
as the sample size increases, approach a 
normal distribution.

Conclusions:

Central Limit Theorem – cont.
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2. The mean of that normal distribution is the  
same as the population mean µ.

3. The standard deviation of that normal 
distribution is              (So it is smaller than 
the standard deviation of the population.)

  σ n.
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Formulas

the mean

the standard deviation

µx = µ
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the standard deviation

   nσx = σ



Practical Rules:

1. For samples of size n larger than 30, the 
distribution of the sample mean can be 
approximated by a normal distribution.  

2. If the original population is normally 
distributed, then for any sample size n, the 
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distributed, then for any sample size n, the 

sample means will be normally distributed.

3. We can apply Central Limit Theorem if either

n>30 or the original population is normal.



Assume the population of taxi passengers is 
normally distributed with a mean of 172 lb and 
a standard deviation of 29 lb. 

Example: Water Taxi Passengers

a) Find the probability that if an individual
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a) Find the probability that if an individual
passenger is randomly selected, his weight is 
greater than 175 lb.

b) Find the probability that 20 randomly 
selected passengers will have a mean weight 
that is greater than 175 lb.



z = 175 – 172 = 0.10
29

a) Find the probability that if an individual man 
is randomly selected, his weight is greater 
than 175 lb.

Example – cont
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b) Find the probability that 20 randomly 
selected men will have a mean weight that is 
greater than 175 lb (so that their total weight 
exceeds the safe capacity of 3500 pounds). 

Example – cont

z = 175 – 172 = 0.46
29
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29

20



Finding z Scores 
When Given Probabilities
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b) Find the probability that 20 randomly selected 

a) Find the probability that if an individual passenger is 
randomly selected, his weight is greater than 175 lb.

Example - cont

P(x > 175) = 0.4602
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b) Find the probability that 20 randomly selected 
passengers will have a mean weight that is greater 
than 175 lb.

It is much easier for an individual to deviate from the 
mean than it is for a group of 20 to deviate from the mean.

P(x > 175) = 0.3228



Recall

Binomial Probability Distribution

1. The procedure must have a fixed number of trials, n.

2. The trials must be independent.

3.  Each trial must have all outcomes classified into two  
categories (commonly, success and failure).
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categories (commonly, success and failure).

4. The probability of success p remains the same in all trials 
(the probability of failure is q=1-p)



Approximation of a Binomial Distribution
with a Normal Distribution

If np ≥≥≥≥ 5  and  nq ≥≥≥≥ 5

Then  µ = np and σσσσ =    npq   
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Then  µ = np and σσσσ =    npq   

and the random variable has

distribution.
(normal)

a



Procedure for Using a Normal Distribution  
to Approximate a Binomial Distribution

1.  Verify that both np ≥≥≥≥ 5 and nq ≥≥≥≥ 5. If not, you cannot 

use normal approximation to binomial.

2.  Find the values of the parameters µ and σσσσ by  

calculating  µ = np and  σσσσ =   npq.
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3.  Identify the discrete whole number x that is relevant to 

the binomial probability problem. Use the continuity 

correction (see next).


