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	9.1 Significance Tests: The Basics

	What is the basic idea of a significance test?  

	

	The Reasoning of Significance Tests

	

	Problem 1 – 911 Calls

Five years ago, the mean response time for 911 calls has a mean, µ = 6.7 min and a standard deviation, σ = 2 min.  Suppose we take and SRS of 400 calls made this year and find a sample mean of 6.48 min and a standard deviation of 2.  

a) What will a hypothesis test tell us?

b) In the above situation, if 
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, what does the sampling distribution look like?  Why?  What are the mean and standard deviation of the sampling distribution?

c) We can judge whether any observed sample mean is “surprising” by locating it on the sampling distribution.  How many standard deviations is our current year’s sample mean from the mean from five years ago0?



	Stating the hypotheses

	

	What is the difference between one sided and two-sided tests? 


	

	Problem 2 – State both the hypotheses for each of the following situations:
a) Five years ago, the mean response time for 911 calls has a mean, µ = 6.7 min and a standard deviation, σ = 2 min.  Suppose we take and SRS of 400 calls made this year and find a sample mean of 6.48 min.  We are looking for evidence that response time has decreased.
b) At the Hawaii Pineapple Company, managers are interested in the size of the pineapples grown in the company’s fields. Last year, the mean weight of the pineapples harvested from one large field was 31 ounces.  A different irrigation system was installed in the field after the growing season.  Managers wonder how this change will affect the mean weight of pineapples grown in the field this year.
c) A pizza delivery company claims they average no more than 20 minutes to deliver a pizza from the time the order is received.  A random sample of 35 orders is taken with a mean delivery time of 21 minutes and a standard deviation of 3 minutes.  State the null and alternative hypotheses.




	P-values and their interpretation

	

	Problem 3 – More on 911 calls
Recall that the hypotheses for the 911 calls were:
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: µ = 6.7 minutes
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H

: µ < 6.7 minutes
Interpret the P-value if the value obtained is 0.0139.


	Concluding a Significance Test 


	

	Significance Level 


	

	Statistical Significance

	

	Problem 4 – Better Batteries
A company has developed a new deluxe AAA battery that is supposed to last longer. The new batteries are more expensive to produce, so the company would like to be convinced that they do actually last longer.  Based on years of experience, the company knows that its regular AAA batteries last for 30 hours of continuous use, on average.  The company selects an SRS of 15 new batteries and uses them continuously until they are completely drained.  The sample mean lifetime is 33.9 hours and the P-value is 0.0729
a) State the hypotheses for this problem using appropriate notation.

b) What would be your conclusion at a significance level of ( =0.05?

c) What would be your conclusion at a significance level of ( = 0.10?



	Choosing a significance level

	

	In a jury trial, what two possible errors could be made?

	

	In a significance test, what two errors can be made?
	

	Problem 5 – Potato Chips

A potato chip producer will accept a potato shipment if less than 8% of potatoes have “blemishes.”  
a) What are the null and alternative hypotheses for this situation?  
b) Describe a Type I and Type II error for this situation.  What is a consequence of each error?


	Problem 6 – NOT Dialing 911 AGAIN!!!

Recall that H0 : µ = 6.7 and Ha : µ < 6.7.  Describe a Type I and II error and the consequences of each.


	Type I Error Probabilities


	

	Significance and Type I Error
	

	Reducing the probability of a Type I error
	

	9.2 Tests about a Population Proportion

	What test should we use for population proportions?  

	

	What are the conditions for conducting a significance test for a population proportion?  

	

	General Test Statistic

	

	What test statistic do we use for a proportions problem?


	

	What is the four step process for significance tests?


	

	Problem 7 – Shaq Attack

Over his NBA career Shaquille O’Neal has made 53.3% of his free throws.  He has worked in the off season with a coach, and suppose that in his first few games back he made 26 out of 39 free throws.  Do these results provide evidence that Shaq has significantly improved his free throw shooting?  Use a 5% significance level.


	What happens when the data don’t support Ha ?


	

	How can we use the calculator to help us conduct the significance test for proportions?

	

	Problem 8 – You’re Stressing Me Out!

A national survey found 75% of workers said work stress had a negative impact on their personal life.  A random sample of 100 employees from a restaurant chain found 68 answered “yes” when asked the same question.  Is this good evidence that the proportion of all employees in this chain who answered “yes” is different from the national average?  Use a 5% significance level.



	Problem 9 – You’re Stressing Me Out Still!

Compare the results of your hypothesis test in Problem 8 to the results of a 95% confidence interval using the same scenario.


	How are confidence intervals related to two-sided significance tests?


	

	Why do confidence interval give more information?


	

	Type II Error Probabilities


	

	Power of a test
	

	What is the relationship between a Type I and Type II error?
	

	How can we increase the power of a significance test?
	

	9.3 Tests About a Population Mean

	What test should we use for means?  

	

	What are the conditions for conducting a significance test for a population using the t-distribution?  

	

	What test statistic do we use for significance tests about a population mean?


	

	How do we calculate the p-values using the t-distribution?


	

	Problem 10 – Finding p-value using the table or calculator
Using the t-table and calculator, find:

d) the p-value for a test of 
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 = 10 vs 
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 > 10 with n = 75 and t = 2.33. 

e) the p-value for a test of 
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 10 with n = 10 and t = ​−0.51.

f) the p-value for a test of 
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[image: image14.wmf]m

 = 5 vs 
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 > 5 with n = 20 and t = 1.81.

g) the p-value for a test of 
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 5 with n = 37 and t = ​−3.17.



	Problem 11 – Please don’t stop the music!

A radio station claims to play an average of 50 minutes of music every hour. To investigate their claim, you randomly select 12 different hours during the next week and record what the radio station plays in each of the 12 hours. Here are the number of minutes of music in each of these hours:

44
49
45
51
49
53
49
44
47
50
46
48

Test the radio station’s claim.



	How can we use the calculator to help us conduct the significance test?

	

	Problem 12 – Don’t break the Ice!
In the children’s game Don’t Break the Ice, small plastic ice cubes are squeezed into a square frame. Each child takes turns tapping out a cube of “ice” with a plastic hammer, hoping that the remaining cubes don’t collapse. For the game to work correctly, the cubes must be big enough so that they hold each other in place in the plastic frame but not so big that they are too difficult to tap out. The machine that produces the plastic cubes is designed to make cubes that are 29.5 millimeters (mm) wide, but the actual width varies a little. To ensure that the machine is working well, a supervisor inspects a random sample of 50 cubes every hour and measures their width. The Fathom output summarizes the data from a sample taken during one hour. 
(a) Interpret the standard deviation and the standard error provided by the computer output. 
(b) Do these data give convincing evidence that the mean width of cubes produced this hour is not 29.5 mm?  Use a significance test with 
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 = 0.05 to find out.
(c) Calculate a 95% confidence interval for
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.  Does your interval support your decision from part (b)?



	Problem 13 – Statistics in court
An investor with a stock portfolio worth several hundred thousand dollars sued his broker because lack of diversification in his portfolio led to poor performance (low returns).  The data set gives the rates of return for the 39 months the account was managed by the broker.  A court compared these returns with the average of the S & P 500 stock index for the same time period.  Consider the 39 monthly returns as a random sample from the monthly returns the broker would generate if he managed the account forever.  Are these returns compatible with a population mean of 
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%, the S & P 500 average?

-8.36     -15.25     12.22     1.63     -8.66     -7.21     -1.03     -0.09    -2.93     -9.16     7.34     -2.7

-1.25        5.04      -2.93     -1.22     -7.24    -9.14     -10.27   -2.14    -2.64     -5.11    -1.01    6.82

-0.8        -1.41      -2.35     -1.44    12.03    -3.58       1.28     -2.56     6.13      -0.65    4.33     7.00

4.34        2.35       -2.27



	Problem 14 – Is the express lane faster?
For their second semester project in AP Statistics, Libby and Kathryn decided to investigate which line was faster in the supermarket: the express lane or the regular lane. To collect their data, they randomly selected 15 times during a week, went to the same store, and bought the same item. However, one of them used the express lane and the other used a regular lane. To decide which lane each of them would use, they flipped a coin. If it was heads, Libby used the express lane and Kathryn used the regular lane. If it was tails, Libby used the regular lane and Kathryn used the express lane. They entered their randomly assigned lanes at the same time, and each recorded the time in seconds it took them to complete the transaction. Carry out a test to see if there is convincing evidence that the express lane is faster.

Time in 

express lane 

(seconds)

Time in 

regular lane 

(seconds)

337

342

226

472

502

456

408

529

151

181

284

339

150

229

357

263

349

332

257

352

321

341

383

397

565

694

363

324

85

127



	Problem 15 – A cold winter’s day
Comparison of peak expiratory flow rate (PEFR) before and after a walk on a cold winter's day for a random sample of 9 asthmatics.  Does this data show evidence of a change in PEFR?

Subject

Before

After

1

312

300

2

242

201

3

340

232

4

388

312

5

296

220

6

254

256

7

391

328

8

402

330

9

290

231



	Using Tests Wisely


	Determining Sample Size:

Statistical Significance and Practical Importance:

Don’t Search for Significance:
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