Inference about the population mean
In the same way we have done inference (confidence intervals and test of hypothesis) for proportions we are interested in doing inference for means.  To do that we need to know that
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         has a t-student distribution with (n -1) degrees of freedom when the variable X has a normal distribution and the sample was selected at random. 
Example:  There is a road in which the speed limit is 30 mph. We suspect that on average drivers go over the speed limit. (Source: De Veaux & Velleman – Intro Stats)

Research question: The research question: Is the mean speed at which drivers go by that road above the 30 mph speed limit? 
1) The hypotheses

Ho:   µ=30  vs. Ha:  µ > 30 

2) Collecting Data: (23 observations, cars randomly selected)  (check if the distribution is not too skewed etc.)  speed:

     29     34     34     28     30     29     38     31     29     34
     32     31     27     37     29     26     24     34     36     31

     34     36     21

The sample mean = 31.043 mph    standard deviation in the sample =4.248 mph
3) Calculate the test statistic       
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4) Calculate the p-value. The p-value will be the area to the right of 1.17 (we could look for the value of that area in the t-table or using MINITAB. This area happens to be 0.1258. That p-value is not small enough to reject the null hypothesis, so we don’t have evidence as to claim that on average drivers are going beyond the speed limit. 

Note: In the exam you do not need to do these calculations by hand. You will be given computer output and you need to interpret it. 

One-Sample T: speed     Test of mu = 30 vs mu > 30
Variable          N      Mean     StDev   SE Mean

speed            23    31.043     4.248     0.886

Variable      95.0% Lower Bound        T      P

speed                    29.523     1.18  0.126

Confidence interval for the population mean If what we want is to give a confidence interval for the mean speed at which drivers go by that street based on the data of the sample, we need to calculate
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  which can be found on the computer output

Variable          N      Mean     StDev   SE Mean         95.0% CI    

speed            23    31.043     4.248     0.886     (29.207,  32.880)

If we think of all the drivers who go through that street, we are 95% confident that the average speed at which they go is somewhere between 29.2 and 32.8 mph.
Matched Pairs Case
When observations are paired (husband and wife, left and right hand, pre- and post- tests etc.), we work with the difference of the two measurements and apply the t- procedures (test of hypothesis and confidence intervals) we learned before.  

Test statistic 
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              Confidence interval 
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In De Veaux & Velleman (2003) Intro Stats we find the average high temperatures in January and July for some European cities. Assuming that this is a random sample of places in Europe, find a 90% confidence interval for the difference between the temperature in summer and winter in Europe.
	The data are :

   Row        City    Jan   July  July-January

   1  Vienna         34     75          41

   2  Copenhagen     36     72          36

   3  Paris          42     76          34

   4  Berlin         35     74          39

   5  Athens         54     90          36

   6  Rome           54     88          34

   7  Amsterdam      40     69          29

   8  Madrid         47     87          40

   9  London         44     73          29

  10  Edinburgh      43     65          22

  11  Moscow         21     76          55

  12  Belgrade       37     84          47


	              Mean     StDev    

July         77.42      7.98       

Jan          40.58      9.11       

Difference   36.83      8.66       
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(32.3404,   41.3196)

Because the number of degrees of freedom is 11,

for 90% confidence , t* = 1.7959

for 95% confidence , t*= 2.2010


A typical computer output would be: 
90% CI for mean difference: (32.34, 41.32)

Interpretation:

So we are 90% confident that on average the temperature in Europe in July is between 32.34 to 41.32 degrees higher than in January.

Would you say (at the 0.10 significance level) that the average difference in temperatures in winter in Europe is 30 degrees? _____ Why?
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