Exercise Answers, Chapter 8
7. Department of Agriculture and Livestock Development researchers in Kenya estimate that yields in a certain district should approach the following amounts, in metric tons per hectare: groundnuts, 0.50; cassava, 3.70; beans, 0.30. A survey undertaken by a district agricultural officer on farm holdings headed by women reveals the following results:
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	s

	Groundnuts
	0.40
	0.03

	Cassava
	2.10
	0.83

	Beans
	0.04
	0.30


There are 100 farm holdings in the sample.
a. Test the hypothesis that these farm holdings are producing at the target levels of this district for each crop.
Solution:

In all cases the hypotheses are H0:  = 0 and HA:  
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0. We use T-tests with corresponding t-values of:

Groundnuts: 
t = (0.4 - 0.5) / (0.03/10) = -33.3

Cassava: 

t = (2.10 - 3.7) / (0.83/10) = -19.3

Beans: 

t = (0.04 - 0.3) / (0.3/10) = -8.66

The critical region consists of both tails of the T-distribution. For any reasonable level of , all of these values lie within the critical region. Thus for any reasonable level of  we reject the null hypothesis. To illustrate, here is the sequence of steps for testing the Groundnuts hypotheses:

1) H0:  = 0.5 and HA:  
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0.5

2) We will use the T-distribution because  is unknown.

3) We select  = 0.05, corresponding to 5% uncertainty.

4) With 99 degrees of freedom, Table A-4 gives a critical value of approximately 1.99 for a two-tailed test.

5) t = (0.4 – 0.5) / (0.03/10) = -33.3

6) Reject H0
b. Test the hypothesis that the farm holdings are producing at lower than target levels.
Solution:
Only the hypotheses have changed. Here we test H0:  
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 0 against HA:  
[image: image5.wmf]£

0. The critical region consists of just left tail of the T-distribution. Again, we reject H0 for any reasonable level of .
8. A variety of popular health books suggest that the readers assess their health, at least in part, by estimating their percentage of body fat. Then, they can compare their body fat to a standard set by the average body fat based on gender and age. The following measurements are percentages of body fat from a random sample of men aged 20 to 29. The data come from a larger dataset in the StatLib collection: lib.stat.cmu.edu/datasets/bodyfat.

12.6 6.9 24.6 10.9 27.8 20.6 19 12.8 5.1

12 7.5 8.5 16.1 19 15.3 14.2 4.6 4.7

9.4 6.5 13.4 9.9 10.8 14.4 19 28.6 6.1

24.5 9.9 19.1 10.6 16.5 20.5 17.2 30.1 10.5
a. Test the hypothesis that the mean body fat for males in this category is 12 at α = 0.05 level.
Solution:

From this sample of size 36, the mean and standard deviation are 14.4 and 6.95 respectively. The sequence of steps in a classical test of hypotheses is as follows:

1)  H0:  = 12 and HA:  
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12
2) We will use the T-distribution because  is unknown.

3)  is given as 0.05

4) With 35 degrees of freedom, Table A-3 gives a critical value of approximately 2.03 for a two-tailed test.

5) t = (14.4 - 12) / (6.95/6) = 2.07

6) Reject H0
b. Calculate the 95% confidence limits on the body fat percentage of males in this age group.
Solution:
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9. A stream has been monitored weekly for a number of years, and the total dissolved solids in the stream averages 40 parts per million and is constant throughout the year. Following a recent change in land use in the drainage basins of the stream, a fluvial geomorphologist finds that the mean parts per million of dissolved solids in a 25-week sample to be 52 with a standard deviation of 32. Has there been a change in the average level of dissolved solids in this stream?
Solution:

We will adopt the 1% level, which means  = .01. The question posed requires a two-tailed test with H0:  = 40 and HA:  
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40. The observed T-statistic is 
t = (52-40)/(32/5) = 1.88.  
With 24 degrees of freedom, Table A-6 indicates a PROB-VALUE of about 0.08. We fail to reject H0.
10. Mean annual water consumption per household in a certain city is 6800 L. The variance is 1,440,000. A random sample of 40 households in one neighborhood reveals a mean of 8,000.
a. Test the hypothesis that these households have (i) different and (ii) higher consumption levels than the average city household.
Solution:
The population variance is given, thus we do Z-tests with  = 
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 (i) we need a two-tailed test with 
H0:  = 6800 and HA:  
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6800 . 

We adopt the =0.05 level, which means the critical region consists of Z < -1.96 and Z > 1.96. The observed Z-value is 

z  = (8000 - 6800) / (1200/6.32) = 6.32. 

This values lies in the critical region, thus we reject the null hypothesis of no difference.  

(ii) The hypotheses are:

H0:   
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 6800 and HA:  > 6800 

The critical region consist of the upper tail Z > 1.65. Again, we reject H0.

c. What is the PROB-VALUE for each hypothesis in part (a)?
Solution:

For the two-tailed test in (i) we need P(|Z| > 6.32). From Table A-3, we see this is zero to at least 3 decimal places. A better approximation is 2.62 x 10-10. 

With a one-tailed test (ii) the corresponding PROB-VALUE is half as large, or approximately 1.31 x 10-10. 

11. An exhaustive survey of all users of a wilderness park taken in 1960 revealed that the average number of persons per party was 2.6. In a random sample of 25 parties in 1985, the average was 3.2 persons with a standard deviation of 1.08. 

a. Test the hypothesis that the number of persons per party has changed in the last 25 years.
Solution:

The sequence of steps in a classical test of hypotheses is as follows:

1)  H0:  = 2.6 and HA:  
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2.6

2) We will use the T-distribution because  is unknown.

3) We will use the 5%-level, thus  = 0.05

4) With 24 degrees of freedom, Table A-3 gives a critical value of 2.064 for a two-tailed test.

5) t = (3.2 -  2.6)/(1.08/5) = 2.78

6) Reject H0
b.  Determine the corresponding PROB-VALUE.
Solution:
We will compute the PROB-VALUE as step 5 in the PROB-VALUE method of hypothesis testing:
1) H0:  = 2.6 and HA:  
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2.6

2) We will use the T-distribution because  is unknown.

3) We will use the 5%-level, thus  = 0.05

4) The test statistic is t = (3.2 -  2.6)/(1.08/5) = 2.78

5) Table A-5 shows that for 24 degrees of freedom, P(|T| > 2.78) 
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 0.01.

6) Because PROB-VALUE < , we reject H0 and conclude the mean is different than 2.6.
12. A manufacturer of barometers believes that the production process yields 2.2% defectives. In a random sample of 250 barometers, 7 are defective. 

a. To test whether the manufacturer’s belief is confirmed by this sample, calculate the PROB-VALUE for a test of hypothesis of H0 : π = .022.
Solution:

The hypothesized value for  is 0 = 0.022. The sample proportion is p = 7/250 = 0.0280. The sample Z-value is
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The corresponding PROB-VALUE, P(|Z| > 0.647)  is about 0.5. 

b. At which of the following significance levels will the null hypothesis be rejected?

(i) 0.2, (ii) 0.10, (iii) 0.05, (iv) 0.01, (v) 0.001.
Solution:

None.
13. The average score of geography majors on a standard graduate school entrance examination is hypothesized to be 600; that is, H0 : μ = 600. A random sample of n = 75 students is selected. The decision rule used to reject H0 is
Reject H0 : 
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 Do not reject H0 : 
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Assume that the standard deviation is 100 and X is normally distributed. Find  for this test.
Solution:

The decision rule can be converted to:

Reject H0 if: 
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From Table A-3, we see P(|Z| > 2.16) 
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0.03.
14. A shipper declares that the probability that one of the shipments is delayed is 0.05. A customer notes that in her first n = 200 shipments, 12 have been delayed.

a. Test the assertion of the shipper that  = 0.5 at  = 0.05.
Solution:


The sample proportion is p = 12/200 = 0.06. The classical hypothesis test is:

1) H0:  = 0.05 and HA:  
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0.05

2) We will use the Z-distribution the sample is large.
3) The level of  is given as 0.05.

4) Table A-3 gives a critical value of 1.96 for a two-tailed test.

5) 
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6) This is not within the critical region, thus we fail to reject H0.

b. Calculate the corresponding PROB-VALUE.
Solution:
We will compute the PROB-VALUE as step 5 in the PROB-VALUE method of hypothesis testing:

1) H0:  = 0.05 and HA:  
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0.05

2) We will use the Z-distribution because the sample is large.

3) The level of  is given as 0.05

4) The test statistic is 
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5) Table A-3 shows that for P(|T| > 0.649) > 0.5.

6) Because the PROB-VALUE > , we fail to reject H0
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