Ch10 Making Decisions about a Population Mean with Confidence
Chapter 10. Making Decisions about a Population Mean with Confidence

10.1 Testing Hypotheses about a Population Mean

Example
State the null and alternative hypotheses that would be used to test the statements that follow. These statements are the researcher’s claim, to be stated as to the alternative hypothesis. All hypotheses should be expressed in terms of , the population mean of interest.
(a) The man age of patients at a hospital is more than 60 years.
(b) The mean caffeine content in a cup of regular coffee is less than 110 mg.
(c) The average number of emergency room admissions per day differs from 20.

Sampling Distribution of , the Sample Mean
· If a simple random sample of size n is taken from a population having population mean  and population standard deviation , and if the original population is normally distributed, then 


· If the original population is not necessarily normally distributed, but the sample size n is large enough  , then



SEM and t-distribution
· When the population standard deviation  is unknown, we use the standard error of the mean (SEM) instead of .
·  , s : the sample standard deviation
· Student’s t-distribution with n-1 degrees of freedom


Properties of the t-distributions
· [bookmark: _GoBack]The t-distribution has a symmetric bell-shaped density centered at 0, similar to the N(0,1) distribution.
· The t-distribution is “flatter” and ahs “heavier tails” than the N(0,1) distribution.
· As the sample size increase, the t-distribution approaches the N(0,1) distribution.


Summary of the One-Sample t-test for a Population Mean : The p-value Approach
· We were interested in testing hypotheses about the population mean . The null hypothesis is , where  is the hypothesized value for . The alternative hypothesis provides the direction for the test. These hypotheses are statements about the population mean, not the sample mean. The significance level  is selected.
· The data are assumed to be a random sample of size n from the population that has normal distribution with unknown population standard deviation . The normality assumption is not crucial if the sample size is large.
· We base our decision about  on the standardized sample mean, which is


This is the test statistic, and the distribution of the variable T under  is a t-distribution, with n-1 degrees of freedom.
· We calculate the p-value for the test.
· One-sided to the right
If , then the p-value is the area to the right of the observed test statistic under the  model.
· One-sided to the left
If , then the p-value is the area to the left of the observed test statistic under the  model.
· Two- sided
If , then the p-value is the area in the two tails, outside of the observed test statistic under the  model.
· Decision. A p-value less than or equal to the significance level leads to rejection of 

Example
There is an article about a study of the amount of time (in hours) college freshmen study each week. The study reported that the mean study time is 7.00 hours. However, I feels that freshmen study more than 7.00 hours per week on average. The appropriate null and alternative hypotheses in terms , the population mean number of hours spent studying each week by freshmen at this university, are



I selected a simple random sample of 9 freshmen at my university and found the observed sample mean study time to be  hours and the observed sample standard deviation to be . Assume that study time for freshmen at my university follow a normal distribution.
(a) What is the observed test statistic?
(b) Find the p-value for the test.
(c) Are the results statistically significant at the 10% level?


Example
A real-estimate appraiser wants to verify the market value for homes on the east side of the city that are very similar in size and style. The appraiser wants to test the popular belief that the average sales price is $37.80 per square foot for such homes versus that the average differs from $37.80. He will use a significance level of 0.01 and assumes a normal distribution is a good model for sales. 
(a) State the appropriate null and alternative hypotheses about  , the population mean sales price for such homes.
(b) Suppose that the random sample of six sales were selected. The sampled sales prices per square foot are $35.00, $38.10, $30.30, $37.20, $29.80, and $35.40. Does it appear that the popular perception of the market value is valid for this neighborhood? Give the value of the test statistic and the p-value.
(c) Based on your p-value in part (b), are the results statistically significant at a 1% significance level? Explain.


10.2 Confidence Interval Estimation for a Population Mean

Definitions
· point (single number) estimate for the population mean  : the sample mean 
· confidence interval estimate for  : an interval of values, computed from the sample data, for which we can be quite confident that it contains .
· confidence level 
· the probability that the estimation method will give an interval that contains the parameter ( in this case.)

Confidence Interval for a Population Proportion p

Where  is an appropriate percentile of the t(n-1) distribution. 

This interval is based on the assumption that the data are a random sample from a normal population with unknown population standard deviation . If the sample size is large, the assumption of normality is not so crucial.

Connection between Confidence Intervals and Two-sided Hypothesis Tests
You can test the hypothesis  at the significance level  using the following decision rule : 

Reject  if the corresponding  confidence interval for the population mean  does not contain the hypothesized value stated in .

The test must be two-sided, and the confidence level and significance level must add up to a total of 100%.


Example
An administrative assistant position has opened up at a large consulting company. Many applications have been submitted. Applicants must take a test, as part of the application process, as one measure of their qualifications. The preparer of the test maintains that qualified applicants should average 75.0 points. A random sample of scores of 41 applicants gave a mean score of 73.1 points and a standard deviation of 8.8 points. 
(a) What is a 95% confidence interval for the mean score of all applicants?
(b) Does it appear that a a mean score of 75 is plausible? For the test of , would you reject  at a 5% significance level?


	ν
	75%
	80%
	85%
	90%
	95%
	97.5%
	99%
	99.5%
	99.75%
	99.9%
	99.95%

	1
	1.000
	1.376
	1.963
	3.078
	6.314
	12.71
	31.82
	63.66
	127.3
	318.3
	636.6

	2
	0.816
	1.061
	1.386
	1.886
	2.920
	4.303
	6.965
	9.925
	14.09
	22.33
	31.60

	3
	0.765
	0.978
	1.250
	1.638
	2.353
	3.182
	4.541
	5.841
	7.453
	10.21
	12.92

	4
	0.741
	0.941
	1.190
	1.533
	2.132
	2.776
	3.747
	4.604
	5.598
	7.173
	8.610

	5
	0.727
	0.920
	1.156
	1.476
	2.015
	2.571
	3.365
	4.032
	4.773
	5.893
	6.869

	6
	0.718
	0.906
	1.134
	1.440
	1.943
	2.447
	3.143
	3.707
	4.317
	5.208
	5.959

	7
	0.711
	0.896
	1.119
	1.415
	1.895
	2.365
	2.998
	3.499
	4.029
	4.785
	5.408

	8
	0.706
	0.889
	1.108
	1.397
	1.860
	2.306
	2.896
	3.355
	3.833
	4.501
	5.041

	9
	0.703
	0.883
	1.100
	1.383
	1.833
	2.262
	2.821
	3.250
	3.690
	4.297
	4.781

	10
	0.700
	0.879
	1.093
	1.372
	1.812
	2.228
	2.764
	3.169
	3.581
	4.144
	4.587
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