Using the Normal Distribution to Find Probability

Many measured parameters are represented by a bell curve when graphed across an entire population.  The area under this bell curve can be used to determine the probability that something will occur.  This curve is called the normal distribution.  For the purposes of this explanation, I am going to discuss IQ and its relationship to the bell curve (because of the ease of its values).

To start a normal distribution problem, you must have been given the mean and standard deviation.  In the case of IQ, the mean is 100 and the standard deviation is 15.  There are two possibilities in how we approach this type of problem:

(a) The value that we are testing falls on a standard deviation.  

(b) The value that we are testing does not fall on a standard deviation. 
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EMPIRICAL RULE (the value being tested falls on a standard deviation)

Example 1/


Given:  
The mean for IQ is 100 and the standard deviation is 15.

Find:

The probability that a person’s IQ will be more than 85.

The Empirical Rule says:

For data sets having a normal, bell-shaped distribution, the following properties apply: 

· About 68% of all values fall within 1 standard deviation of the mean 

· About 95% of all values fall within 2 standard deviation of the mean 

· About 99.7% of all values fall within 3 standard deviation of the mean.
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The graph to the left shows the Empirical Rule.

.
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The graph to the left shows the values for the IQ filled in

To find the probability that a person will have an IQ greater than 85, you need to add the probability that a person have an IQ greater than 100 (orange area – 50%) and the probability that a person will between 85 and 100 (yellow area – 34%).  50% + 34% = 84% .  Probability is expressed as a decimal, so the probability that a person’s IQ will be greater than 85 is 0.84.

STANDARD NORMAL CURVE  (the value being tested does not fall on a standard deviation)

Example 2/


Given:  
The mean for IQ is 100 and the standard deviation is 15.

Find:

The probability that a person’s IQ will be less than 73.

Because the value we are testing (73) does not lie on  a standard deviation, we must STANDARDIZE our curve.  This resets our mean to 0 and our standard deviation to 1.  To do this we need the z-score formula:
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where z is the z-score, x is the value being tested, x is the mean, and s is the standard deviation.
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To find the z-score that 
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corresponds to 73, 

plug in the values:


The top line on the graph shows the new values for standard deviation now that we have STANDARDIZED the bell curve.  The purple shows the probability that a person will be less than 73 (or less than –1.8 on the standard normal curve).  The blue shows the probability that a person will be greater than 73 (or greater than –1.8 on the standard normal curve).  

We now need a z-score table to look up the value of –1.8.  (A z-table formatted in Excel is available on my website).  Disregard the negative sign when looking up the value.  Locate a z value of 1.8.  Since the part of the graph we are interested in is smaller than the part we aren’t interested in, find the column that represents the “smaller portion”.   The probability found here is 0.0359.

Example 3/


Given:  
The mean for IQ is 100 and the standard deviation is 15.

Find:

The probability that a person’s IQ will be between 83 and 107.
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Find z-scores that correspond to 83 and 107:
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When you look up 1.13 (green) and 0.47 (gray) on the z-table, you will be looking for the column that designates the area between x and the mean.  Then add these values:

z = 1.13, probability = 0.3708


z = 0.47, probability = 0.1808




0.5516 = probability that a person will have an IQ between 83 and 107
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