Simulation showing that T-distributions are “fatter in the tails”
Simulating z-scores assuming know population standard deviation

1. Assume for adults:  Height of 70 inches 
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 and standard deviation of 2.6 inches 

2. Simulate sample of size 3.  

3. Calculate z-score:  
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Write on the board the computation in these calculator instructions:
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Have students run simulation and call out the z-score every time it’s greater than 3.  This should happen very infrequently (< 1 in 100 times!).

Simulating z-scores assuming not know population standard deviation

Now, we acknowledge that we don’t know the standard deviation of the sample, so we use the sample standard deviation, which we calculate from our sample of 3.

1. Assume:  Height of 70 inches 
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 and calculate sample standard deviation from sample 

2. Simulate sample of size 3.  

3. Calculate standardized score:  
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Write on the board the computation in these calculator instructions:
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Have students run simulation and call out the standardized score every time it’s greater than 3.  This should happen very frequently!  
What’s happening?  

1. Have students simulate until they have a large score, say 7 or larger.  

2. Look at the L1.  What do you see?  

a. Sample mean is fairly far from the true mean and/or,

b. Sample standard deviation is fairly small.

With a normal model, the standard deviation divides by a constant and is just a scale adjustment.  Here, the standard deviation varies and so this is not a normal distribution.  It’s a t-distribution.

And, since the standard deviation varies less as the sample size increases (Central Limit Theorem), the size of the sample affects the t-distribution.  Therefore, the t-distribution has three parameters:  mean, sample standard deviation, and degrees of freedom (sample size – 1).  As the sample size increases, the sample standard deviation varies less and the distribution approaches being normal.

Have students increase the sample size (say, 10 or 30) and have them call out t-scores greater than 7.  No surprise that there will be fewer as the sample size increase.

This is what Gossett observed that resulted in a developing a different distribution for proportions (normal distribution) than for means (t-distribution)!
Source:  Unknown and adapted by Sharon Hessney, John D. O’Bryant School of Mathematics and Science, August 2010 for MassInsight AP Statistics workshop
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