Cover Sheet: Inferences about the Means (Chapter 23)
Objective

We want students to learn about the confidence intervals and hypothesis tests for a population mean. We discuss the new distribution, the t-distribution, which adds an extra variation caused by not knowing the population standard deviation. We also add an additional assumption known as the nearly normal assumption, which requires that the sample size be greater than forty or the histogram of the data looks approximately unimodal and symmetric. Also, we hope that students learn how to clearly interpret a confidence interval, a p-value, and a hypothesis test.

The Activity

Prior to assigning this activity, students should have had an introduction to the basic concepts of confidence intervals, hypothesis tests, p-values, and the t-distribution. The pulse rate data used for the experiment will be collected directly from the students in an attempt to make them more actively involved. First, we ask the students to check the appropriate assumptions to make sure that the sampling distribution of the sample mean is normal. Then we ask the students to create three confidence intervals for the true mean and interpret them. Next, we have the students conduct a hypothesis test. We have them write the hypotheses, calculate the t-statistic, find the p-value and interpret everything they can. In this activity, we really try to emphasize the relation between the hypothesis test and a confidence interval, so we repeatedly ask about the true pulse rate being captured in the interval and failing to reject the null hypothesis. 

Assessment

The assessment of this assignment will be based mainly on completion of the assignment. The following few notes are also important to the assessment of this activity and the students. 

· A good interpretation of the confidence interval. 

· A Correct and more importantly clear conclusions based on the t-statistic and p-value achieved from the data.   

· A Clear understanding between the CI and hypothesis test.

If the activity is done in class, class participation can be counted as well. How active were particular students? Did they ask intuitive and intelligent questions regarding the activity? 

Formal assessment can include exam questions about particular data sets or homework questions that will reinforce the concepts presented by this activity. A possible question may look something like:

· A manufacturer claims that a new design for a portable phone has increased the range to 150 feet, allowing many customers to use the phone throughout their homes and yards. And independent testing laboratory found that a random sample of 44 of these phones worked over an average distance of 142 feet, with a standard deviation of 12 feet. Is there evidence that the manufacturer’s claim is false at a 10% significance level? What about a 5% significance level?

Teaching Notes

· The estimated time to complete each part of the activity is approximately 40 – 50 minutes.

· This activity can be done in class or assigned as out-of-class work. Either way I would suggest that students be allowed to work together on the assignment so that they might discuss the issues together.

· This activity at most needs a calculator with basic arithmetic properties, and does not require any other technology.  
Activity: Inferences about the Means (Chapter 23)

Your resting pulse rate is measured by most blood pressure monitors, or you can do it yourself by counting the beats in your wrist or neck against the second hand of your watch. What you need to know is the number of beats per minute. Generally the lower it is, the fitter you are.

We are curious as to what the true average pulse rate is for 18-24 year old adults. Everyone make a guess as to what the true average pulse rate is, and we create a confidence interval and test a hypothesis about our agreed upon true average pulse rate.

We believe the true average pulse rate is _____.

Everyone pair into groups with someone with a watch with a second hand. Then take your pulse in three different increments. 

1. fifteen seconds then multiply by four

2. thirty seconds then multiply by two

3. one minute

Label these and we will create three categories of pulse rates: 

Time Increment: 
fifteen seconds

thirty seconds


one minute

Beats/Time Incrmt.:
____________

____________

____________

Beats/Minute:

____________

____________

____________

Which one of these categories would be the most accurate? 

Part 1: CIs
1.  Dr. Miller is curious to get a sample of the true average pulse rate. How do we investigate  

     this inquiry? 
2.  What is the first step we need to complete? Which are?

3.  Do we have enough data in each category to assume normality? (i.e., is n>40 in the fifteen 

           second category?) 

4.  Now we need to see if our other conditions our met. Did we meet the 10% condition? Did   

     we meet the randomization condition? What kind of sampling did we conduct?

5.  How could we meet the randomization condition? Discuss.

6.  Estimate the standard error for the three sample categories using _________.

Regardless of the possible violations to our assumptions, continue the worksheet assuming that that we took a random sample from a normal population.

7.  Calculate a 95% CI for the true average pulse rate. 

8.  Interpret your confidence interval in the context of the problem. What does this mean in 

           common terminology?

9.  Do the three intervals contain ____? (i.e., Is ____ a plausible value for the true mean pulse 

           rate?)

a.  Interval 1:

b.  Interval 2:

c.  Interval 3:

10.  Calculate a 99% CI for the true mean pulse rate. How does this change the margin of  

       error? Is ____ a plausible value for the true mean pulse rate?

11.  Why would it be reasonable that the 95% confidence intervals do not contain ____? 

       Discuss.

Part 2: Hypothesis Test

Does your sample imply that Franklin Institute Online is wrong in its claim?  Perform a 5% level hypothesis test on your sample to test whether the true mean pulse rate is different from ____. 

1.  Note: If ____ was not in our confidence interval before, why do we need to carry out a  

     hypothesis test now? 

2.  What is the first step in a hypothesis test? 

3.  State your hypotheses. What assumption do we make about the null hypothesis?

4.  Calculate the test statistic: 

5.  One way to make a conclusion about a hypothesis is to calculate the p-value. Calculate  

     your p-value and interpret your p-value in the context of the problem. 

6.  Make a conclusion about the hypotheses in the context of the problem.

Remember the relationship between CI and hypothesis test:

7.  Does your conclusion from your CI support your conclusion from your hypothesis test?

Using the null hypothesis: 
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, So basically we are asking the question, “Is ____ a plausible value for the true mean pulse rate?” We answer this by then seeing if ____ is in our confidence interval. By definition the values in a confidence interval are all the plausible values for our mean. (i.e., If ____ was NOT in the confidence interval and if we rejected the null hypothesis at the 5% significance level. Then these results both concur that ____ is NOT a plausible value for 
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, and there is strong evidence that ____ is not a reasonable value of the true mean pulse rates.

Inferences about the Means (Chapter 23) Instructor Solutions

Your resting pulse rate is measured by most blood pressure monitors, or you can do it yourself by counting the beats in your wrist or neck against the second hand of your watch. What you need to know is the number of beats per minute. Generally the lower it is, the fitter you are.

We are curious as to what the true average pulse rate is for 18-24 year old adults. Everyone make a guess as to what the true average pulse rate is, and we create a confidence interval and test a hypothesis about our agreed upon true average pulse rate.

Everyone pair into groups with someone with a watch with a second hand. Then take your pulse in three different increments. 

4. fifteen seconds then multiply by four

5. thirty seconds then multiply by two

6. one minute

Label these and we will create three categories of pulse rates: fifteen seconds, thirty seconds, and one minute.

Which one of these categories would be the most accurate? 

Answer: probably the 60 seconds because it will have the smallest measurement error.

Part 1: CIs
Dr. Miller is curious to get a sample of the true average pulse rate. How do we investigate this inquiry? 
Create a confidence interval.

What is the first step we need to achieve?

Check the assumptions, which are:

Normality assumption: 

Nearly normal condition (n > 40 or plot a histogram)

Independence assumption: 

Randomization condition (data arise from a random sample)

10% condition (the sample is no more than 10% of the population)

Do we have enough data in each category to assume normality? (i.e., is n>40 in the fifteen second category?) 

Since we only have 30 data values in each category, we need to make a histogram.

Now we need to see if our other conditions our met? Did we meet the 10% condition? Did we meet the randomization condition? What kind of sampling did we conduct?

Yes, the 30 students in this class is less than 10% of all the 18-24 year olds in the US/world. The randomization condition is not met because we are convenience sampling.

How could we meet the randomization condition? Discuss.

Take a random sample, etc.

Estimate the standard error for the three sample categories using _________.
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Regardless of the possible violations to our assumptions, continue the worksheet assuming that that we took a random sample from a normal population.

Calculate a 95% CI for the true average pulse rate. 

Use 
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Interpret your confidence interval in the context of the problem. What the hell does this mean in common terminology?

With 95% confidence, the true average pulse rate of adults falls between ____ and ____. 

If we took many, many random samples of the same size, estimated a mean and calculated a 95% confidence interval from each sample, then approximately 95% of those intervals would contain the true average pulse rate.

Do the three intervals contain ____? (i.e., Is ____ a plausible value for the true mean pulse rate?)

Calculate a 99% CI for the true mean pulse rate. How does this change the margin of error? Is ____ a plausible value for the true mean pulse rate?

Why would it be reasonable that the 95% confidence intervals do not contain ____? Discuss.

Measurement error (exactly fifteen seconds, maybe missed a beat or two), ages are not 18-24, failure of assumptions. Since we have the true known data here, our guess may have very well been off.

According to the Franklin Institute Online: (http://sln.fi.edu/biosci/monitor/vitals.html) 

	Average Pulse Rates

	Adult Males
	about 72

	Adult Females
	76 to 80

	Newborns
	up to 140

	Children
	about 90

	Elderly
	50 to 65


Part 2: Hypothesis Test

Does your sample imply that Franklin Institute Online is wrong in its claim?  Perform a 5% level hypothesis test on your sample to test whether the true mean pulse rate is different from ____. 

Note: If ____ was not in our confidence interval before, why do we need to carry out a hypothesis test now? 

A confidence interval just tells us whether it is in the interval or not, but a hypothesis test tells us how different the actual value is from ____. (i.e., using the p-value) That is a hypothesis test is more rigorous than a confidence interval.

What is the first step in a hypothesis test? 

That’s right, checking the assumptions: nearly normal condition, randomization condition, 10% condition…similar to the assumptions when creating a confidence interval.

State your hypotheses. What assumption do we make about the null hypothesis?
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, we assume the null hypothesis is true. 

Calculate the test statistic: 

Use 
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Now in order to make a conclusion about the hypotheses we need to calculate the p-value. Interpret your p-value in the context of the problem. 

Make a conclusion about the hypotheses in the context of the problem.

Remember the relationship between CI and hypothesis test:

Does your conclusion from your CI support your conclusion from your hypothesis test?

Using the null hypothesis: 
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, So basically we are asking the question, “Is ____ a plausible value for the true mean pulse rate?” We answer this by then seeing if ____ is in our confidence interval. By definition the values in a confidence interval are all the plausible values for our mean. (i.e., If ____ was NOT in the confidence interval and if we rejected the null hypothesis at the 5% significance level. Then these results both concur that ____ is NOT a plausible value for 
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, and there is strong evidence that ____ is not a reasonable value of the true mean pulse rates.
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