Empirical Rule & Z Scores
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Data is "normally distributed" if it tends to be around a
central value with no bias left or right.

Many types of data closely follow a Normal Distribution:
» heights of people

size of products produced by machines

errors in measurements

blood pressure

marks on a test



The Normal Distribution has:

Mean
Median }/_}
Mode

90%  50%

« mean = median = mode
« symmetry about the center

e 50% of values less than the mean and 50% greater than
the mean



Standard Deviation & Empirical Rule

Standard Deviation ((0_) is a measure of how spread out

data is from the mean. ~— S19 M-

Data that is normally distributed will always follow the
Empirical Rule. That is...

e About 68% of all values fall within 1 standard deviation
of the mean (likely)

« About 95% of all values fall within 2 standard
deviations of the mean (very likely)

e About 99.7% of all values fall within 3 standard
deviations of the mean (almost certainly)



The Empirical Rule

Mu ( 1 ) - used to represent the mean of a data set

Sigma ( (0 ) - used to represent standard deviation



Ex 1: The mean speed of vehicles along a stretch of highway
is 56 mph with a standard deviation of 4 mph. About what
percentage of the vehicles will be between a speed of...
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Ex 1: The mean speed of vehicles along a stretch of highway
is 56 mph with a standard deviation of 4 mph. About what
percentage of the vehicles will be between a speed of...

/ | \\
// \\\,
_.—.4-"'-’/ \H—._

b) 48 mph and 64 mph

-
° 95y




Ex 1: The mean speed of vehicles along a stretch of highway
is 56 mph with a standard deviation of 4 mph. About what
percentage of the vehicles will be between a speed of...
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Ex 1: The mean speed of vehicles along a stretch of highway
is 56 mph with a standard deviation of 4 mph. About what
percentage of the vehicles will be between a speed of...
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d) more than 56 mph
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Ex 1: The mean speed of vehicles along a stretch of highway
is 56 mph with a standard deviation of 4 mph. About what
percentage of the vehicles will be between a speed of...
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e) less than 68 mph
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Ex z@ students at school are between1.1m and
1.7mtali-Assuming this data is normally distributed calculate

the mean and standard deviation.
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Standard Scores

A z-score is the number of standard deviations away from
the mean.

Z-scores are also known as a standard scores and are
represented by the lowercase Greek letter sigma, O .

To calculate a z-score use the formula:

7=X—/M'
-l




What to know about z-scores...
e Z-scores DO NOT have units
e Z-scores are used to compare values that are measured
on different scales, with different units, or different

populations

« Z-scores should be rounded to two decimal places



Ex 3: The best 8oo m time, run by Gertrud Bacher of Italy,
was 129 seconds which was faster than the mean (137
seconds). The standard deviation for the qualifying times
was 5.0 seconds. The winning long jump by the Russian
Yelena Prokhorova was 60 cm longer than the mean. The
standard deviation was 30 cm. Who's feat was more

impressive?
Prokhorova

Bacher
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Ex 4: The mean |Q score_is 1700 with a standard deviation of
15. Galileo’s 1Q was a z-score. Find his 1Q.




EX 53
The area under the normal curve below 1s equal to 1 umt. Each gnd square has an area of 0.01 umt.

s
0010 +
0.008 +
.
0.006 +
-
0.004 +
o
0.002 ¢+
-

60 00 120 150 180 210 240
Rainrfall (in Ayr)
Suppose the annual ranfall i an Alaskan town 15 normally distnbuted with a mean of 150 mches per year
and a standard deviation of 36 inches per year. Use the graph to approximate the probability that the
ramnfall n a given year 1s less than 140 inches. Express your answer as a percent.
@ 51% © 50%

® 61% ® 39%



Area Under The Standard Normal Curve

Area Under the Curve = 1




Using the Z - Table

Standard Normai Probabliities
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Using the Z - Table

The data presented on the z-table represents the AREA
under the standard normal curve to the LEFT of a particular

Z-5COre.

The value of the area also represents the probability:

P(z < z-score)




Ex 6: Sketch the area described and find the z-scere~

probability
a) To the left of z = -0.47
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Ex 6: Sketch the area described and find the z-score.

b) To the right of z = 0.15




Ex 6: Sketch the area described and find the z-score.

<) Between z = -1.40and z = 2.03
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Ex 7: Find the indicated probabilities

a) P(z < 3.20)

7
3.
999



Ex 7: Find the indicated probabilities

b) P(-2.37<z<0)
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Percentiles

A percentile is a measure used in statistics indicating the
value below which a given percentage of observations in a
group of observations fall. Percentiles are often used in
reporting scores of standardized tests like the SAT or ACT.

Example: You are the fourth tallest person in a group of 20

80% of people are shorter than you:
You—x

giitidibbidd i diidil
8%

That means you are at the 80th percentile.
If your height is 1.85m then "1.85m" is the 80th percentile height in that group.




Ex 8: Sketch the area described and find the z-score.

th :
a) 15 percentile

v
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Ex 8: Sketch the area described and find the z-score.

th _
b) 97.5 percentile
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Ex 8: Sketch the area described and find the z-score.

th
C) upper7 percentile
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