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Math 140 
Introductory Statistics

Professor B. Ábrego
Lecture 5

Section 2.4

2

2.4 The Normal Distribution

Shape

Center:  Mean

Spread: Standard 
Deviation
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Applications of the Normal 
Distribution

The normal distribution tells us how:
Variability in measures behaves.
Variability in population behaves.
Averages and some other summary statistics 
behave when you repeat a random process.

Nice property: A normal distribution is determined 
by its mean and standard deviation! 
(If you know mean and SD you know everything)
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The Two Main Problems.

The distribution of the SAT scores for the 
University of Washington was roughly normal in 
shape, with mean 1055 and standard deviation 
200.

1.  What percentage of scores were 920 or below?
(Unknown percentage problem) 

2.  What SAT score separates the lowest 25% of 
the SAT scores from the rest?
(Unknown value problem)
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Unknown percentage problem.

The distribution of the SAT scores for the University of 
Washington was roughly normal in shape, with mean 
1055 and standard deviation 200.

1. What percentage of scores were 920 or below?
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Unknown value problem.
The distribution of the SAT scores for the University of 
Washington was roughly normal in shape, with mean 
1055 and standard deviation 200.

2.  What SAT score separates the lowest 25% of the SAT 
scores from the rest?

7

Which one is it?

1. Unknown percentage 
problem.
Given x, Find P.

2. Unknown value 
problem.
Given P, Find x.

8

The Standard Normal Distribution.

It is the normal distribution with Mean = 0, and 
standard deviation = 1.
The area under the curve equals 1 (or 100%)
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The Standard Normal Distribution.

It is the normal distribution with Mean = 0, and 
standard deviation = 1.
The area under the curve equals 1 (or 100%)
The Standard Normal Distribution is important 
because any normal distribution can be recentered
and/or rescaled to the standard normal distribution. 
This process is called standarizing or converting to 
standard units.
Also, the two main problems can be easily solved in 
the Standard Normal Distribution with the help of 
tables or a calculator.
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The Two Main Problems in the 
Standard Normal Distribution.
Unknown Percentage. (Given z, Find P )

With Table A. (in Appendix)
Use the units and the first decimal to locate 
the row and the closest hundredths digits to 
locate the column. The number found is the 
percentage of the number of values below z.

With Calculator
Enter normalcdf(-99999, z) to get the 
percentage of the number of values below z.
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Example
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The Two Main Problems in the 
Standard Normal Distribution.
Unknown Value Problem. (Given P, Find z )

With Table A. 
Look for P in the body of the table. (or the number 
closest to it). Read back the row and column for that 
number. Use the row as the units and tenths of z, and 
the column as the hundredths digits of z. Note that P
must be a percentage of the number of values below a 
certain value z.

With Calculator
Enter invNorm(P) to get the value z such that P
equals the percentage of the number of values below
z.
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Example
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Standardizing.

When we standardize a value x it becomes z. 
We call z the z -score. 
Standard units = number of standard 
deviations that a given x value lies above or 
below the mean.
As we said before, to standardize we just 
need to (re)center and (re)scale.
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Standardizing.
As we said before, to standardize we just need to (re)center and 
(re)scale.

Step1. Centering (This makes mean = 0)
Q: How far and which way to the mean?

A: 
Subtract the mean from all values.

Step 2. Rescaling (this makes SD = 1)
Q: How many standard deviations is that?

A:

Divide all values from Step 1 by the SD.
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Unstandardizing. (reverse)

Solve for x in the previous formula to get

where z is the z-score.

SDzmeanSDzxx •+=•+=
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Example
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Example
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Example

Death rates per 100,000 residents from cancer are 
approximately normal, with mean 196 and SD 31. 
The middle 90% of death rates are between what two 
numbers?
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Example

Death rates per 100,000 residents from cancer are 
approximately normal, with mean 196 and SD 31. 
The middle 90% of death rates are between what two 
numbers?
Unstandardize z = -1.64485 and z = 1.64485

So the middle 90 of death rates are between 145.009 
and 246.99 deaths per 1000,000 residents

x = mean + z ¢ SD = x + z ¢ SDx = mean + z ¢ SD = x + z ¢ SD

x = 196 + (¡1:64485)(31) = 145:0096x = 196 + (¡1:64485)(31) = 145:0096

x = 196 + (1:64485)(31) = 246:990x = 196 + (1:64485)(31) = 246:990


