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The Normal Curve

 An approximation to data distribution that is
normally quite accurate

— Normally data follows such a distribution




The Normal Curve
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e the area under the normal curve between —1 and 41 is about 68%:

e the area under the normal curve between —2 and 42 1s about 95%:;
e the area under the normal curve between —3 and +3 is about 99.7%.



Standard Units

* Express the data in terms of standard
deviation

e Converting a value X to standard units
— (X-average)/SD



The Normal Approximation to Data
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A histogram for heights of women compared to the normal

The area under the histogram between 60.5 inches and 66.5 inches
(the percentage of women within one SD of average with respect to height)
is about equal to the area between —1 and +1 under the curve—68%.
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The Normal Approximation to Data

For many lists, roughly 95% of the entries are within 2 SDs of average. This
is the range

average — 2SDs to average + 2SDs.

The reasoning is similar. If the histogram follows the normal curve, the area under
the histogram will be about the same as the area under the curve. And the area
under the curve between —2 and +2 is 95%:
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On a certain exam, the average of the scores was 50 and the SD was 10.

(a) Convert each of the following scores to standard units: 60, 45, 75.
(b) Find the scores which in standard units are: 0, +1.5, —2.8.



NORMAL TABLE
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Finding Areas under Normal Curve

Find the area between 0 and 1 under the normal curve.

1
5 X 68% = 34%
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 Find the area between 0 and 2 under the
normal curve.

e Find the area between -2 and 1 under the
normal curve.
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* Find the area to the right of 1 under the
normal curve.

 Find the area to the left of 2 under the normal
curve.
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 Find the area between 1 and 2 under the
normal curve




Example 8. The heights of the men age 18 and over in HANESS averaged
69 inches; the SD was 3 inches. Use the normal curve to estimate the percentage
of these men with heights between 63 inches\gnd 72 inches.

Key point:
Notice how the
original data and
its histogram can

now be discarded.
This is the
advantage of the
normal
approximation!




Normal approximation is not always
accurate

Figure 5. Distribution of families by income: the U.S. in 2004.
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Source: March 2005 Current Population Survey; CD-ROM supplicd by the Burcau of the Census.
Primary families.

The average income for the families in figure 5 was about $60,000; the SD was
about $40,000.* So the normal approximation suggests that about 7% of these
families had negative incomes:

Verify this.



Percentiles

Some histograms can not be accurately
summarised by the normal curve.
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Can they be summarised some other way?
— Yes, using percentiles.

If 10% of the data lies below x, then x is the 10th
percentile.



Percentiles

If 10% of the data lies below x, then x is the
10th percentile.

If k% of the data lies below x, then x is the kt
percentile.

A percentile is not a percentage!
It is a number that lies on the horizontal axis.
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199 Selected percentiles for family income in the U.S. in 2004.

1 $0
10 $15,000
25 $29,000
50 $54,000
75 $90,000
90 $135,000
99 $430,000

0- ! T T —ljﬁﬁl
0 25 50 75 100 125 150 175 200

INCOME (THOUSANDS OF DOLLARS)

*The 50" percentile is ....
*|s there a technical term for the 50t percentile?
*Think about what the 50" percentile represents.



Percentiles

e How can we summarize spread of a histogram
using percentiles?

— Subtract the 25™ percentile from the 75t
percentile.

e This is called the interquartile range.

— Is the interquartile range a percentage?



Percentiles

e Percentiles can summarize any histogram,
whether it follows the normal curve or not.

e Question:

— Assuming that a set of exam scores follows the
normal curve with mean 63 and SD 10, what is the
95t percentile?




A note on reading Normal Tables

e The table in the book is not a standard table.
— Gives area under the normal curve from —z to z

e Standard tables give area from —inf to z

Table entry

e So always note what a normal table represents before using area
values from it.

e |sthere a relationship between this z-score and percentiles?



Summary



