Math 217

Chapter 7 – Inference with the t distribution
The procedures for estimating a population mean in Chapter 6 included an unrealistic assumption, namely, that we knew the population standard deviation σ even though µ was unknown.  In Chapter 7, we dispense with this assumption.

1. The t distributions.
a. Recall that the standardized sample mean, 
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, has the standard normal (Z) distribution.  The denominator is the standard deviation of the sample mean, 
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.  If we estimate 
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, the “standard error of the mean” (
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), the resulting statistic has the “t” distribution with 
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degrees of freedom (Table D, row n - 1):  
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b. There is a t distribution for every positive degrees of freedom k.  All are symmetric and unimodal, similar to the normal distributions, but have more area in the “tails” (higher variance).  The t(k) distribution approaches the standard normal distribution as k increases toward infinity.
c. Table D allows us to estimate the right-tail area for a given positive cutoff t* and degrees of freedom k.  To estimate a left-tail area, use symmetry.  To estimate a 2-tail area, double one of the tails.  Sketch the density curves, shade the corresponding areas, and verify the following:
i. 
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 is between .01 and .02

ii. 
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is between .02 and .025

iii. 
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iv. 
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2. t interval for estimating a population mean.
a. A level C confidence interval for the population mean µ of a normal population has margin of error 
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, where t* is the critical value for the t(n – 1) density curve with area C between –t* and t*. 
b.  The t interval is 
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.  It can also be found using TInterval on your calculator.  
c. The t interval is approximately correct for non-normal population distributions as long as the sample size is large.  The t procedures are relatively robust against non-normal populations, especially for larger sample sizes.  For non-normal distributions, we require sample size at least 15 (ideally), and no outliers or extreme skewness.
3. The t test:  significance testing for a population mean.
a. As before, the null hypothesis is H0: µ = µ0 and the alternative takes three possible forms.  The t statistic is calculated from the sample data:  
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b. Using Table  D with n – 1 degrees of freedom, or T-TEST on your calculator, find the corresponding P value.  If P is very small, we have significant evidence that the null hypothesis is false and the alternative is true.
4. Analyze matched-pairs data by first taking the differences within the matched pairs to produce a single set of difference data.   Then use t test or t interval on the set of differences.
5. Comparing means from two populations.

a. Significance tests and confidence intervals for the difference in means for two normal populations, 
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, are based on the difference in sample means from two independent SRSs.  

b. Because of the Central Limit Theorem, the resulting procedures are approximately correct for other population distributions when the sample sizes are large.  Equal sample sizes are recommended.

c. If the data are not from independent samples, these procedures cannot be used!  If the data are “matched pairs”, simply analyze the pairwise differences using 1-sample t procedures.

d. Section 7.2 gives formulas for calculating the 2-sample confidence intervals and P values; we will not need these formulas, since they are built into our calculators.  
i. Significance test for comparing two means:  2-Samp T Test

ii. Confidence interval for the difference in means:  2-Samp T Int

iii. Use “POOLED = NO” since we don’t assume the population standard deviations are equal.
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