In-class Work on Hypothesis Tests and CI’s for means

1.  (a) In a study of the effectiveness of certain exercises, a random sample of 16 people engaged in the exercises for one month.  The weight of each person ‘s weight before exercising was recorded and each person’s weight after the exercise program was recorded.   The governor of California wants to know if the exercise program significantly reduces weight.

Use a matched pairs t-test with hypotheses 
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(b)  A principal wants to determine whether highschoolers who do not eat breakfast in the morning  consume more than 2000 calories in the rest of the day.    Of a SRS of 100 students, the average number of calories consumed was 2015 and the standard deviation was 22.

Use a one sample t-test with hypotheses 
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(c) Do the brainwaves of preshoolers have a higher average frequency than the brainwaves of adults?    From simple random samples of each, the brainwaves of preschoolers had an average frequency of 20 Hz and a standard deviation of  4.6 Hz while adults had an average frequency of 18 Hz and a standard deviation of 20 Hz.


Use  an unpooled  two sample t-test with hypotheses 
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(d)  Studies conducted in the 1970s indicated that the average age at which children take their first alcoholic drink is 14.6 years.  Sociologists believe that this mean age is different today.  To test their belief, a SRS of 144 young adults (21 years of age) is selected and the age at which each selected adult took their first alcoholic drink is recorded.  The sample mean age was 13.3 years of age.  The population standard deviation is known to be 5 years.

Use  a z-test with hypotheses  
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(e)    Do women get into fewer accidents on the average than men?     Randomly choosing 1000 women and 1000 men from the National Registry of Drivers, a researcher calculates that women get into an average of .85 accidents per year with a standard deviation of 5.1, and men get into an average of 1.1 accidents per year, with a standard deviation of 5.02. 


Use  a pooled  two sample t-test with hypotheses 
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(f) The MSU Food Service believes that the average number of meals per week that a student on the meal plan eats in the cafeteria is different than last years.  Last year the average was 16 meals.  This year, the food service took a random sample of 30 students on the meal plan and found the average to be 14 with a sample standard deviation of 7.  

Use a one sample t-test with hypotheses 
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2. State the Central Limit Theorem  

If x1, x2, …, xn is a LARGE (i.e. n is large) Simple Random Sample then 
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3. Does the Central Limit Theorem have anything to do with a t-test?   If so, what?

For large SRS (n greater than or equal to 30),
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, which implies that in a z test, z ~ N(0,1), and in a t-test, t~ t(n-1).
4. If the SRS is not large, then what must be assumed about the data in order to perform a t-test?

For small SRS, then we must assume that the data is normally distributed, X ~ N(( ( ().

5.To compare two programs for training industrial workers to perform a skilled job, 20 workers are trained using two different methods.  Ten workers are selected at random and trained by method 1; the remaining 10 workers are trained by method 2.  After completion of training, all the workers are subjected to a time-and-motion test that records the speed of performance of a skilled job.  The sample average job time for workers trained by method 1 is 19.10 minutes with a sample standard deviation of 4.82 minutes.  The sample average job time for workers trained by method 2 is 23.3 minutes with a sample standard deviation of 10.56 minutes.

(a) Is this an observational study or an experiment?  Why?  How will this affect your conclusion?

This is an experiment since treatments were randomly assigned to the workers.  Thus, we may conclude a cause-and-effect relationship between the training methods and the time it takes to complete the skilled task.

(b) Is it possible that a SRS of workers were selected for the study?   Why is it important to have a SRS of workers versus a convenience sample of workers?

It is possible to have a SRS of workers since the company could require that their employees take part.   SRS’s are important so that we can make inference to the population of interest.

(c) Calculate and interpret a 95% C.I. for the difference in population means, 
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.  Will you use a polled or an unpooled method?   Why?

We’ll use an unpooled method since the standard deviations are not very close, s1 = 4.82 and s2 = 10.56.
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(d) Give a conclusion for the confidence interval.  

I am 95% confident that the true difference in mean job times between workers trained by method 1 and the workers trained by method 2 is between –12.9531 minutes and 4.5531 minutes.

(e) Use the confidence interval to test whether the average time to perform the skilled job is different for workers trained by method 1 compared workers trained by method 2.

We can use the CI in part (d) to test 
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Since 0 is in the CI, then we Fail To Reject H0.  Thus, the evidence fails to suggest that there is an average difference in the time it takes to perform the skilled task depending on the training method.   That is, the average difference in times is not statistically significant. 

6. A feeding test is conducted on a herd of 25 milking cows to compare two diets, dewatered alfalfa and field-wilted alfalfa.  A sample of 12 cows randomly selected from the herd are fed dewatered alfalfa; the remaining 13 cows are fed field-wilted alfalfa.  The average daily milk production (in pounds) is recorded for each cow over a three-week period.

	
	Dewatered alfalfa
	Field-wilted alfalfa

	Sample Mean:
	42.25
	45.15

	Sample Standard Deviation:
	3.74
	2.99


(a)  Does the Central Limit Theorem justify using t-test for these data?   Why or why not?  What must we assume about the data?

No, the CLT does not apply since the sample sizes are less than 30.  Thus, in order to perform a t-test, we must assume that the data is normally distributed.

(b)  Do these data indicate (at a 10% significance level) that the average daily milk production is less with dewatered alfalfa compared to field-wilted alfalfa?    Perform all 5 steps of the hypothesis test, and use an unpooled test statistic.

· The hypotheses are:
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· The test statistic is  
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· What is the distribution of the test statistic?  

t(11)

· Calculate the p-value.  
.025 < p-value < .05

· Make a decision at the 0.10 significance level.  

Since p-value < .05 < .10 = (, then we REJECT H0

· Make a conclusion in terms of the problem. 

There is sufficient evidence to suggest that the mean milk production of milking cows fed dewatered alfalfa is less than the mean milk production of milking cows fed field wilted alfalfa.

7. Suppose that you wish to find a confidence interval for the average weight of all yearling and adult bull elk in the Gallatin Valley.  You work with the US Forest Service, and monitor some randomly chosen locations in the area.  You obtain weight measurements of n=4 elk.   The weights are 601   682   550   980 in pounds.   

(a)Why is it important that the locations where chosen randomly?

Because we want a Simple Random Sample (SRS)!

(c)  Why can’t you use the Central Limit Theorem to justify using a confidence interval?   

The Central Limit Theorem requires that we have a LARGE SRS.    In this case, we have a sample of size n=4, and this is NOT a large sample.

(c)    Do you think that we ought to transform the data?    Why or why not?

Since we can not use the Central Limit Theorem due to a small sample size, then we need to assume that the data is from a normal distribution.    But looking at the data, we see that 980 is an outlier, which indicates that the data may not be normal.   Thus, a transform is recommended.

(d)   Go ahead and log transform the data.     Give and interpret a 95% confidence interval for the true mean log(weight) of Gallatin Valley elk.

The log of the elk weights are 2.7789    2.8338    2.7404    2.9912.    Assuming that these transformed data are normal, we can calculate a 95% CI for log(
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(e) “Exponentiate” the endpoints of the confidence interval.   This is gives an approximate 95% CI for the true mean weight of elk.

Exponentiating the endpoints of this interval gives an approximate CI for 
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