MATH221, Week 4
Introduction to normal distributions

Description of normal distributions
Normal distributions, also called normal probability distributions, are bell shaped, symmetrical distributions.  In these distributions, the probability of a specific outcome increases and then decreases at about the same rate.  Normal distributions are distributions of continuous variables.  A normal distribution looks like this:
[image: ]
This distribution represents the test scores for all the students in a university.    Among all the students, a few students scored as low as about 180, while many students scored about 300, near the highest point of the graph.  Finally, a few students scored about 420.  Remember that the height of the graph means frequency or higher probability.

[bookmark: _GoBack]Both the distributions below, A and B, are normal distributions.  Since distribution A is shifted to the right, the values in that distributions are higher or larger than those in distribution B.  Therefore, the mean of distribution A is higher than the mean of distribution B.  The mean of a normal distribution is based on the position of the middle or high point of the distribution.  

[image: ]
On the other hand, distribution B has the larger standard deviation as its values are more spread out or disperse than those in distribution A.  The shape reflects the standard deviation.

Area and Probability
The total area under the normal distribution, of course reflects 100% of the area.  The area is related to the probability.  In the picture below, values of x less than -0.24 have a probability of 0.4052 occurring.  The blue shared area shown below reflects 0.4052 or 40.52% of the total area under the curve.
[image: ]
Unusual Events
The text uses the definition of less than 5% as being an unusual event.  This is a common measure to use.  Based on this definition, any event with a less than 5% chance of occurring would be considered an unusual event.
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X Interpretation Using the Empirical Rule (see Section 2.410), you know that about 68% of the scores are befween 265 and 345, about 95% of the scores are between 225 and 385, and
[ag <Properties of a Norm... about 99.7% of the scores are between 185 and 425

# Soto operties of aNormal TRY IT YOURSELF 2
The scaled test scores for the New York State Grade 4 Common Core English Language Arts Test are normally distributed. The normal curve shown below represents this distribution. What is
soLuTIoN > the mean test score? Estimate the standard deviation of this normal distribution
‘SOLUTION. > (Adapted from New York State Education Department)

English Language Arts Test

mE RO

> i b + + > x
180 20 260 300 340 380 420

Scaled test score

Answer: Page A35

Tech Tip
You can use technology to graph a normal curve. For instance, you can use a T1-84 Plus to graph the normal curve in Example 2.
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fag < Properties of a Norm... ; 1
H H

x

Go to Properties of a Normal

”

Distribution Mean: u = 3.5 Mean: u = 3.5 Mean: p = 1.5
SOLUTION N Standard deviation: Standard deviation: Standard deviation:

o=15 o =07 o =07
SOLUTION >

EXAMPLE 1 Understanding Mean and Standard Deviation

1. Which normal curve has a greater mean?
2 Which normal curve has a greater standard deviation?

mE RO

A

- - x

SOLUTION

1. The line of symmetry of curve A occurs at z = 15. The line of symmetry of curve B occurs at & = 12. So, curve A has a greater mean
2. Curve Bis more spread out than curve A. So, curve B has a greater standard deviation

TRY IT YOURSELF 1
1. Which normal curve has the greatest mean?
2 Which normal curve has the greatest standard deviation?
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. 0.4052. So, the area to the left of 2 = —0.24 is 0.4052, as shown in the figure at the left. -
[ag < Properties of a Norm... z 09 08 07 .06 05 04 03
) -34 | .0002 .0003 .0003 .0003 .0003 .0003 .0003
= g"t"’b"’["pe'“es of a Normal —33 | .0003 .0004 .0004 .0004 .0004 .0004 .0004
iribation —-32 | .0005 .0005 .0005 .0006 .0006  .0006 .0006
Q SOLUTION >
-05 2776 .2810 .2843 2877 12912 2946 2981
3 SoLuTION > —04 | 3121 3156 3192 3228 3264 3300 .3336
—03 | 3483 3520 3557 3594 3632 3669 3707
A —02 | 3859 .3897 3936 3974 4013 14090
—01 | 4247 4286 4325 4364 4404 4443 4483
=@ —0.0 | 4641 4681 4721 4761 4801  .4840 .4880
You can use technology to find the cumulative area that corresponds to = = —0.24, as shown at the left. Note that to specify the lower bound, use —10, 000.

Area =
0.4052

TRY IT YOURSELF 3
1. Find the cumulative area that corresponds to a z-score of —2.19.
2 Find the cumulative area that corresponds to a z-score of 2.17

Answer: Page A35

o] When the z-score is not in the table, use the entry closest to it. For a z-score that is exactly midway between two z-scores, use the area midway between the corresponding areas. -
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