Stat 2470, Lab #9, Spring 2014 

Name ____________________________________

Hypothesis Testing for Proportions and Means

Part 1: Hypothesis Testing for Proportions
OBJECTIVES:
· To use experimental data for testing hypotheses for a population proportion.
· To identify Type I and Type II errors in a real-world application.

· To determine how changing the sample size impacts the likelihood of rejecting the null hypothesis.
EXCEL PROCEDURES:

1. Retrieve 2470lab9_data_part1.xlsx from your Blackboard course for STAT 2470.
Randomly selected Columbus State students were asked whether or not they plan to vote in the upcoming election.  Responses were recorded in column A (1=YES, 0=NO).
2. The rest of the PROCEDURE is embedded within the ANALYSIS due to the nature of this lab.  You will be answering questions as you do the computer work.

ANALYSIS:
Experiment 1: 
Suppose a national survey reveals that 50% of American adults plan to vote in the upcoming election.  We would like to test the claim that the proportion of Columbus State students who are going to vote in the upcoming election is more than 50%.    
Conduct a hypothesis test at the .02 level of significance to test the claim that the population proportion of Columbus State students who are going to vote in the upcoming election is more than the national proportion (50%).  
a. First, check that we can use the normal distribution to approximate the distribution of the sample statistic 
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b. Next, state hypotheses.

HO:

Ha:
c. Click on cell E2 and enter =countif(A2:A101, 1).  This is counting the number of successes (1’s) in the sample.  Record this value ________.
d. Click on cell E3 and enter =count(A2:A101).  This is counting the number of observations in the sample (the sample size).  Record this value ________.
e. Click on cell E4 and enter =E2/E3.  This is calculating the sample proportion.  This is the proportion of successes in the sample.  Record this value __________.
f. Click on cell E5 and enter 0.50.  This is the hypothesized proportion from part b.

g. Next, click on cell E6 and enter the formula =SQRT((E5*(1-E5)/E3))  This value is the standard deviation of the sample proportions (this is called the standard error of the proportion), and can be calculated by hand using formula 
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. Recall that 
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.  Record this value rounded to three places _________.
h. Click on the cell E7.  Then click Formulas → More Functions → Statistical → Standardize.   A menu called Function Arguments should appear.
· X is the value you want to standardize.  This is the sample proportion.  Enter E4.
· Mean is the mean of the sampling distribution.  This is the hypothesized proportion from your hypotheses in part b.  Enter E5.  
· Standard deviation is the standard deviation of the sample proportions (standard error).  Enter E6.
Record the Test Statistic from cell E7.  Z =  ___________.
i. Determine the critical value at the .02 level:
· Click on the cell E8.  Then click Formulas → More Functions → Statistical → Norm.S.Inv.   A menu called Function Arguments should appear.
· Probability is the area to the left of the critical value in the standard normal curve. Be careful here to use correct probability.
Record the Critical Value from cell E8.  Z = ___________.
· Sketch or describe the bell curve with rejection region and critical value labeled.  Round the critical value to three places.
j. Compare the Z values in h and i and make a decision to reject or not reject the null hypothesis. Interpret the decision in the context of the original claim.  
k. Calculate the p-value:

· Click on E9 and type =1-NORM.S.DIST(E7)  NOTE: in some versions of MS Excel you will need to use E7,TRUE in the ( ) instead of just E7.  This is calculating the tail area under the standard normal curve bordered by the test statistic found in part h.

· Record the P-Value from cell E9.  P-value = ___________.

· How does this p-value confirm your answer to part j?  Explain.

l. State the Type I and Type II error for the hypothesis test within the context of this problem.  See Unit 8 for examples
Type I:__________________________________________________________________

Type II: _________________________________________________________________

Experiment 2:  

Let’s explore how changing the sample size while fixing all of the other parameters in the hypothesis test impacts the likelihood of rejecting the null hypothesis.  Instead of a sample size of 100, let’s suppose we got the same sample proportion from a sample of 1000 Columbus State students. 
Conduct a hypothesis test at the .02 level of significance to test the claim that the population proportion of Columbus State students who are going to vote in the upcoming election is more than the national proportion (50%).  
a) First, check that we can use the normal distribution to approximate the distribution of the sample statistic 
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(the sample proportion).  Remember that the sample size has changed.
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b) Next, state hypotheses.

HO:


Ha:

c) Click on cell F2 and enter =E2*10.  Since we are going from a sample size of 100 to a sample size of 1000, we have 10 times as many successes.  

d) Click on cell F3 and enter =E3*10  The sample size is 10 times large as it was in the first experiment.  Record this value ________.
e) Click on cell F4 and enter =F2/F3.  This is calculating the sample proportion.  This is the proportion of successes in the sample.  Record this value __________.  
How does the value of the sample proportion in experiment #1 (cell E4) compare to experiment #2 (cell F4)?

f) Click on cell F5 and enter 0.50.  This is the hypothesized proportion from above.

g) To easily fill out the rest of the table, left click on cell E6 and hold/drag cursor down to E9 to highlight cells E6 through E9.  Hover your cursor over the small black square in the lower right corner of cell E9 to turn the cursor into a black + sign.  Left click and drag your cursor to F9.  If you did this correctly, the rest of the table should be filled out.
· Record the Standard Error from cell F6 rounded to three places.  __________.
· How did increasing the sample size impact the standard error?

h) Record the Test Statistic from cell F7.  Z = ___________.  How did increasing the sample size, while fixing all of the other parameters, impact the magnitude (size) of the test statistic?  Explain.

i) Record the Critical Value from cell F8.  Z = ____________.

Why did the critical value not change from n=100 to n=1000?  Explain.

j) Sketch or describe the bell curve with rejection region and critical value labeled.  Round the critical value to three places.
k) Compare the Z values in part g and make a decision to reject or not reject the null hypothesis. Interpret the decision in the context of the original claim.  
l) Record the P-Value from cell F9.  P-value = ___________.
· How does this p-value confirm your answer to part h?  Explain.
· How did increasing the sample size, while fixing all of the other parameters, impact the p-value?  Explain.
Copy and paste the table of results from your two hypothesis tests at the end of this lab.
SUMMARY:

1. What criteria need to be checked before we can use the normal distribution to approximate the distribution of the sample statistic 
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(the sample proportion)?
2. Increasing the sample size while holding all remaining parameters constant in a hypothesis test will:

a) INCREASE or DESCREASE the magnitude of the corresponding test statistic.

b) INCREASE or DECREASE the size of the p-value.
c) Based on your previous answers, will increasing the sample size while holding all other values constant INCREASE or DECREASE the likelihood of rejecting the null hypothesis? Explain.
Part II: Hypothesis Testing for Means
OBJECTIVES:

· To use experimental data for testing hypotheses using both the traditional and p-value methods.
· To determine when to apply t vs. z based hypothesis testing procedures.

· To identify Type I and Type II errors in a real-world application.

· To determine how changing the significance level impacts the likelihood of rejecting the null hypothesis.
PRELIMINARY ACTIVITIES:
· Read the experiments that follow and collect the necessary data.

· Determine the null and alternative hypotheses for each experiment.  

EXCEL PROCEDURES:

Label the column headings Credit Hours (cell A1), Calculator (cell B1), Men (cell C1), and Women (cell D1). Directly below these column headings, enter the outcomes of each of your four experiments in column A, B, C, and D respectively.  
Label the column headings Experiment 1 (cell G1), Experiment 2 (cell H1), Experiment 3 (cell I1), and Experiment 4 (cell J1).

Label the row headings Mean (cell F2), Standard Deviation (cell F3), Standard Error (cell F4), Test Statistic (cell F5), Critical Value (cell F6), and P-Value (cell F7).
Experiment 1: 
Suppose a national survey reveals that community college students take an average of 10 credit hours per semester with a population standard deviation of 1.75 hours.  Data for 29 randomly selected Columbus State students has been provided.  Enter the total number of hours you are taking this semester in the last spot.
	9
	11
	15
	14
	5
	5
	10
	6
	15
	13

	10
	12
	10
	12
	7
	10
	14
	15
	8
	8

	12
	13
	12
	12
	11
	15
	7
	8
	10
	


Conduct a hypothesis test at the .04 level of significance to test the claim that CSCC students take more than the national average 10 credit hours per semester. 

m. HO:

Ha:

n. To determine the critical value(s) for this hypothesis test, should we use the Z or t distribution?  Explain.

· Click on the cell G6.  Then click Formulas → More Functions → Statistical → Norm.S.Inv.   A menu called Function Arguments should appear.
· Probability is the area to the left of the critical value in the standard normal curve. Be careful here to use correct probability (if using excel 2007, be sure to check note about required probability).
· Record the Critical Value from cell G6.  ___________
· Sketch/describe the rejection region below including the critical value.  Round the critical value to three places.
o. Calculate the test statistic for the first experiment:

· Click on cell G2.  Type =average(A2:A31).  This calculates the sample mean of the first experiment.  

Record this value rounded to the three places __________.
· Next, enter the population standard deviation in cell G3.  This value was provided in the original problem statement.

· Next, click on cell G4 and enter the formula =G3/SQRT(COUNT(A2:A31)).   This value is the standard deviation of the sample means (this is called the standard error of the mean), and can be calculated by hand using formula 
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. Record this value rounded to three places _________.
· Click on the cell G5.  Then click Formulas → More Functions → Statistical → Standardize.   A menu called Function Arguments should appear.
· X is the value you want to standardize.  This is the sample mean.  Enter G2.
· Mean is the mean of the sampling distribution.  This is the hypothesized mean from your hypotheses in part a.
· Standard deviation is the standard deviation of the sample means (standard error).  Enter G4.
· Record the Test Statistic from cell G5.  Z= ___________.

p. Compare the Z values in b and c and make a decision to reject or not reject the null hypothesis. Interpret the decision in the context of the original claim.  
q. State the Type I and Type II error for the hypothesis test within the context of this problem.

Type I:__________________________________________________________________

Type II: _________________________________________________________________

Experiment 2:  

Texas Instruments has programmed their calculators with an Automatic Power Down (APD) to turn the calculator off to prolong the life of the batteries if it has not been used for five minutes (300 seconds).  The population is normally distributed.  Turn your calculator on and leave it alone. Record the time (in seconds) that it takes your calculator to automatically turn off and enter it in the last slot.
	296
	295
	301
	292
	290
	287
	


Conduct a hypothesis test at the .025 level of significance to test the claim that TI calculators turn off in under 300 seconds of non-use.

a. HO:

Ha:

b. To determine the critical value(s) for this hypothesis test, should we use the Z or t distribution?  Explain.

· Click on the cell H6.  Then click Formulas → More Functions → Statistical → T.Inv.   A menu called Function Arguments should appear.
· Probability is the area to the left of the critical value in the t-distribution with n-1 degrees of freedom (if using excel 2007, be sure to check note about required probability).
· Deg_freedom is the degrees of freedom.  Recall df = n-1.  
· Record the Critical Value from cell H6.  ___________
· Sketch/describe the rejection region below including the critical value.
c. Calculate the test statistic for the second experiment:

· Click on cell H2.  Type =average(B2:B8).  This calculates the sample mean of the second experiment.  

Record this value rounded to the three places __________.
· Click on cell H3.  Type=stdev(B2:B8).  This calculates the sample standard deviation of the second experiment.  
Record this value rounded to three places ________.

· Next, click on cell H4 and enter the formula =H3/SQRT(COUNT(B2:B8)).   This value is the standard deviation of the sample means (this is called the standard error of the mean), and can be calculated by hand using formula 
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Record this value rounded to three places _________.

· Click on the cell H5.  Then click Formulas → More Functions → Statistical → Standardize.   A menu called Function Arguments should appear.
· X is the value you want to standardize.  This is the sample mean.  Enter H2.
· Mean is the mean of the sampling distribution.  This is the hypothesized mean from your hypotheses in part a.
· Standard deviation is the standard deviation of the sample means (standard error).  Enter H4.
· Record the Test Statistic from cell H5.  t = ___________.

d. Compare the t values in b and c and make a decision to reject or not reject the null hypothesis.  Interpret the decision in the context of the original claim.  

Use the p-value method to make all of your conclusions on Experiment #3 and #4. 

Sample of 8 men and 8 women are asked to estimate a minute (60 seconds).  Counting out loud is permitted, but you’ll need to time each participant to determine the number of seconds that actually elapse.  Record the male responses in column C (Men) and the female responses in column D (Women).  

	Men
	
	
	
	
	
	
	
	

	Women
	
	
	
	
	
	
	
	


Experiment 3:  Conduct a hypothesis test to test the claim that men predict a minute significantly different from 60 seconds.
a. HO:

Ha:

b. Calculate the test statistic for the third experiment:

· Click on cell I2.  Type =average(C2:C9).  This calculates the sample mean of the third experiment.  Record this value rounded to the three places __________.
· Click on cell I3.  Type=stdev(C2:C9).  This calculates the sample standard deviation of the third experiment.  Record this value rounded to three places ________.

· Next, click on cell I4 and enter the formula =I3/SQRT(COUNT(C2:C9)).   This value is the standard deviation of the sample means (this is called the standard error of the mean), and can be calculated by hand using formula 
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. Record this value rounded to three places _________.

· Click on the cell I5.  Then click Formulas → More Functions → Statistical → Standardize.   A menu called Function Arguments should appear.
· X is the value you want to standardize.  This is the sample mean.  Enter I2.
· Mean is the mean of the sampling distribution.  This is the hypothesized mean from your hypotheses in part a.
· Standard deviation is the standard deviation of the sample means (standard error).  Enter I4.
· Record the Test Statistic from cell I5.  t = ___________.

c. Calculate the p-value:

· Click on the cell I7.  Then click Formulas → More Functions → Statistical → T.Dist.2T.   This function is calculating the p-value for a two-tailed t-test.  A menu called Function Arguments should appear.
· X is the Test Statistic calculated in part b. Enter this value from cell I5. (Note:  If the test statistic is negative, change the sign to a positive when entering the test statistic for X). 
· Deg_freedom is the degrees of freedom.  Recall df = n-1.  
d. Record the p-value from cell I7:   p-value = 


.

e. Use a .25 level of significance to determine if you should reject or not reject the null hypothesis.  Interpret the decision in the context of the original claim.  

f. Use a .001 level of significance to determine if you should reject or fail to reject the null hypothesis. Interpret the decision in the context of the original claim.  
g. Did changing the significance level from .25 to .001 make it harder or easier to reject the null hypothesis?  Why?
Experiment 4:  Conduct a hypothesis test to the claim that women predict a minute significantly different from 60 seconds.
b. HO:

Ha:
c. Calculate the test statistic for the fourth experiment:

· Click on cell J2.  Type =average(D2:D9).  This calculates the sample mean of the fourth experiment.  Record this value rounded to the three places __________.
· Click on cell J3.  Type=stdev(D2:D9).  This calculates the sample standard deviation of the fourth experiment.  Record this value rounded to three places ________.

· Next, click on cell J4 and enter the formula =J3/SQRT(COUNT(D2:D9)).   This value is the standard deviation of the sample means (this is called the standard error of the mean), and can be calculated by hand using formula 
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. Record this value rounded to three places _________.

· Click on the cell J5.  Then click Formulas → More Functions → Statistical → Standardize.   A menu called Function Arguments should appear.
· X is the value you want to standardize.  This is the sample mean.  Enter J2.
· Mean is the mean of the sampling distribution.  This is the hypothesized mean from your hypotheses in part a.
· Standard deviation is the standard deviation of the sample means (standard error).  Enter J4.  
· Record the Test Statistic from cell J5.  t = ___________.

d. Calculate the p-value:

· Click on the cell J7.  Then click Formulas → More Functions → Statistical → T.Dist.2T.   A menu called Function Arguments should appear.
· X is the Test Statistic calculated in part b.  Enter this value from cell J5. (Note:  If the test statistic is negative, change the sign to a positive when entering the test statistic for X). 
· Deg_freedom is the degrees of freedom.  Recall df = n-1.  
e. Record the p-value from cell J7:   p-value = 


.

f. Use a .25 level of significance to determine if you should reject or not reject the null hypothesis.  Interpret the decision in the context of the original claim.  

g. Use a .001 level of significance to determine if you should reject or fail to reject the null hypothesis. Interpret the decision in the context of the original claim.  
Copy and paste the table of results from your four hypothesis tests at the end of this lab.
SUMMARY:

1. When do you use the t distribution instead of the Z distribution to calculate critical values and test statistics?

2. Using the test statistic, when is it appropriate to reject the null hypothesis?  (Hint: see Experiments #1 and #2)
3. Using the p-value method, when is it appropriate to reject the null hypothesis?  (Hint: see Experiments #3 and #4)
4. Does decreasing the significance level increase, or decrease the likelihood of rejecting the null hypothesis?  Explain.

5. Describe the placement of your test statistics (t) for both the men’s and women’s predictions on the same t-distribution (bell curve).  Use these values to determine which gender seems to predict a minute more accurately.  Explain your response. 
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