Chapter 12

Tests of Goodness of Fit and Independence


Chapter 12

Tests of Goodness of Fit and

Independence


Learning Objectives
1. 
Know how to conduct a goodness of fit test.

2.
Know how to use sample data to test for independence of two variables.

3.
Understand the role of the chi-square distribution in conducting tests of goodness of fit and independence.

4.
Be able to conduct a goodness of fit test for cases where the population is hypothesized to have either a multinomial, a Poisson, or a normal distribution.

5.
For a test of independence, be able to set up a contingency table, determine the observed and expected frequencies, and determine if the two variables are independent.


6.
Be able to use p-values based on the chi-square distribution.

Solutions:
1.
a.
Expected frequencies:
e1 
= 200 (.40) = 80, e2 = 200 (.40) = 80




e3 
= 200 (.20) = 40



Actual frequencies:
f1 
= 60, f2 = 120, f3 = 20
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k - 1 = 2 degrees of freedom



Using the 
[image: image2.wmf]2

c

 table with df = 2,
[image: image3.wmf]2

c

= 35 shows the p-value is less than .005.



Using Excel or Minitab, the p-value corresponding to 
[image: image4.wmf]2

c

= 35 is approximately 0.



p-value 
[image: image5.wmf]£

 .01, reject H0

b.
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 = 9.210



Reject H0 if
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c

= 35, reject H0
2.

Expected frequencies:
e1 = 300 (.25) = 75, e2 = 300 (.25) = 75





e3 = 300 (.25) = 75, e4 = 300 (.25) = 75



Actual frequencies:
f1 = 85, f2 = 95, f3 = 50, f4 = 70
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k - 1 = 3 degrees of freedom



Using the 
[image: image10.wmf]2

c

 table with df = 3,
[image: image11.wmf]2

c

= 15.33 shows the p-value is less than .005.  



Using Excel or Minitab, the p-value corresponding to 
[image: image12.wmf]2

c

= 15.33 is .0016.



p-value 
[image: image13.wmf]£

 .05, reject H0


The population proportions are not the same.

3.

H0 = pABC = .29, pCBS = .28, pNBC = .25, pIND = .18



Ha = The proportions are not pABC = .29, pCBS = .28, pNBC = .25, pIND = .18



Expected frequencies:
300 (.29) = 87, 300 (.28) = 84





300 (.25) = 75, 300 (.18) = 54





e1 = 87, e2 = 84, e3 = 75, e4 = 54



Actual frequencies:
f1 = 95, f2 = 70, f3 = 89, f4 = 46
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k - 1 = 3 degrees of freedom



Using the 
[image: image15.wmf]2

c

 table with df = 3,
[image: image16.wmf]2

c

= 6.87 shows the p-value is between .05 and .10.



Using Excel or Minitab, the p-value corresponding to 
[image: image17.wmf]2

c

= 6.87 is .0762. 



p-value > .05, do not reject H0. There has not been a significant change in the viewing audience proportions.

4. 


	
	
	Observed
	Expected
	

	
	Hypothesized
	Frequency
	Frequency
	

	Category
	Proportion
	(fi)
	(ei)
	(fi - ei)2 / ei

	Brown
	0.30
	177
	151.8
	 4.18

	Yellow
	0.20
	135
	101.2
	11.29

	Red
	0.20
	 79
	101.2
	 4.87

	Orange
	0.10
	 41
	50.6
	 1.82

	Green
	0.10
	 36
	50.6
	 4.21

	Blue
	0.10
	 38
	50.6
	 3.14

	
	Totals:
	506
	
	29.51




k - 1 = 5 degrees of freedom



Using the 
[image: image18.wmf]2

c

 table with df = 5,
[image: image19.wmf]2

c

= 29.51 shows the p-value is less than .005.



Using Excel or Minitab, the p-value corresponding to 
[image: image20.wmf]2

c

= 29.51 is approximately 0.




p-value < .05, reject H0. The percentages reported by the company have changed.

5. 


	
	
	Observed
	Expected
	

	
	Hypothesized
	Frequency
	Frequency
	

	Outlet
	Proportion
	(fi)
	(ei)
	(fi - ei)2 / ei

	Wal-Mart
	.24
	42
	33.6
	2.10

	Dept Stores
	.11
	20
	15.4
	1.37

	J.C. Penney
	.08
	8
	11.2
	0.91

	Kohl's
	.08
	10
	11.2
	0.13

	Mail Order
	.12
	 21
	16.8
	1.05

	Other
	.37
	  39
	51.8
	3.16

	
	Totals:
	140
	140
	8.73




Degrees of freedom = 5



Using the 
[image: image21.wmf]2

c

 table with df = 5,
[image: image22.wmf]2

c

= 8.73 shows the p-value is greater than .10.



Using Excel or Minitab, the p-value corresponding to 
[image: image23.wmf]2

c

= 8.73 is .1203.



p-value > .05, cannot reject H0. We cannot conclude that women shoppers in Atlanta differ

 

from the outlet preferences expressed in the U.S. Shopper Database.

6.
a.



	
	
	Observed
	Expected
	

	
	Hypothesized
	Frequency
	Frequency
	

	Method
	Proportion
	(fi)
	(ei)
	(fi - ei)2 / ei

	Credit Card
	.22
	46
	48.4
	.12

	Debit Card
	.21
	67
	46.2
	9.36

	Personal Check
	.18
	33
	39.6
	1.10

	Cash
	.39
	  74
	85.8
	  1.62

	
	Totals:
	220
	220 
	12.21




Degrees of freedom = 3



Using the 
[image: image24.wmf]2

c

 table with df = 3,
[image: image25.wmf]2

c

= 12.21 shows the p-value is between .005 and .01.  



Using Excel or Minitab, the p-value corresponding to 
[image: image26.wmf]2

c

= 12.21 is .0067.




p-value 
[image: image27.wmf]£

 .01, reject H0. Conclude that the percentages for the methods of in-store payments have changed over the four year period.


b.

	
	
	2003
	1999
	% Change

	Credit Card
	46/220 =
	21%
	22%
	-1%

	Debit Card
	67/220 = 
	30%
	21%
	+9%

	Personal Check
	33/220 =
	15%
	18%
	-3%

	Cash
	74/220 =
	34%
	39%
	-5%




The primary change is that the debit card usage shows the biggest increase in method of payment (up 9%). Cash and personal check have seen the biggest decline in usage, 5% and 3% respectively.


c.
21% + 30% = 51%. Over half of in-store purchases are made using plastic.

7.

Expected frequencies:
20% each

n = 60





e1 = 12, e2 = 12, e3 = 12, e4 = 12, e5 = 12



Actual frequencies:
f1 = 5, f2 = 8, f3 = 15, f4 = 20, f5 = 12
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k -1 = 4 degrees of freedom



Using the 
[image: image29.wmf]2

c

 table with df = 4,
[image: image30.wmf]2

c

= 11.50 shows the p-value is between .01 and .025.



Using Excel or Minitab, the p-value corresponding to 
[image: image31.wmf]2

c

= 11.50 is .0215.



p-value < .05; reject H0. Yes, the largest companies differ in performance from the 1000 companies. In general, the largest companies did not do as well as others. 15 of 60 companies (25%) are in the middle group and 20 of 60 companies (33%) are in the next lower group. These both are greater than the 20% expected. Relative few large companies are in the top A and B categories.



Note that this result is for the year 2002. This should not be generalized to other years without additional data.

8. 

H0: p1 = .03, p2 = .28, p3 = .45, p4 = .24 

	Rating
	Observed
	Expected
	(fi - ei)2 / ei

	Excellent
	24
	.03(400) = 12
	12.00

	Good
	124
	.28(400) = 112
	1.29

	Fair
	172
	.45(400) = 180
	.36

	Poor
	 80
	.24(400) = 96
	 2.67

	
	400
	400
	2 = 16.31




Degrees of freedom = k - 1 = 3



Using the 
[image: image32.wmf]2

c

 table with df = 3,
[image: image33.wmf]2

c

= 16.31 shows the p-value is less than .005.  



Using Excel or Minitab, the p-value corresponding to 
[image: image34.wmf]2

c

= 16.31 is .0010.



p-value
[image: image35.wmf]£

 .01, reject H0. Conclude that the ratings differ. A comparison of observed and expected frequencies show telephone service is slightly better with more excellent and good ratings.

9.

H0 = The column variable is independent of the row variable



Ha = The column variable is not independent of the row variable



Expected Frequencies:

	
	A
	B
	C

	P
	28.5
	39.9
	45.6

	Q
	21.5
	30.1
	34.4
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Degrees of freedom = (2-1)(3-1) = 2



Using the 
[image: image37.wmf]2

c

 table with df = 2,
[image: image38.wmf]2

c

= 7.86  shows the p-value is between .01 and .025.  



Using Excel or Minitab, the p-value corresponding to 
[image: image39.wmf]2

c

= 7.86 is .0196.


p-value
[image: image40.wmf]£

 .05, reject H0. Conclude that the column variable is not independent of the row

 
variable.

10.

H0 = The column variable is independent of the row variable



Ha = The column variable is not independent of the row variable



Expected Frequencies:

	
	A
	B
	C

	P
	17.5000
	30.6250
	21.8750

	Q
	28.7500
	50.3125
	35.9375

	R
	13.7500
	24.0625
	17.1875
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Degrees of freedom = (3-1)(3-1) = 4



Using the 
[image: image42.wmf]2

c

 table with df = 4,
[image: image43.wmf]2

c

= 19.77 shows the p-value is less than .005.  



Using Excel or Minitab, the p-value corresponding to 
[image: image44.wmf]2

c

= 19.77 is .0006.



p-value
[image: image45.wmf]£

 .05, reject H0. Conclude that the column variable is not independent of the row variable.

11.

H0 : Type of ticket purchased is independent of the type of flight



Ha: Type of ticket purchased is not independent of the type of flight.



Expected Frequencies:



e11
=
35.59
e12
=
15.41



e21
=
150.73
e22
=
65.27



e31
=
455.68
e32
=
197.32

	
	
	Observed
	Expected
	

	
	
	Frequency
	Frequency
	

	Ticket
	Flight
	(fi)
	(ei)
	(fi - ei)2 / ei

	First
	Domestic
	 29
	 35.59
	 1.22

	First
	International
	 22
	 15.41
	 2.82

	Business
	Domestic
	 95
	150.73
	 20.61

	Business
	International
	121
	 65.27
	 47.59

	Full Fare
	Domestic
	518
	455.68
	 8.52

	Full Fare
	International
	135
	197.32
	 19.68

	
	Totals:
	920
	
	100.43




Degrees of freedom = (3-1)(2-1) = 2



Using the 
[image: image46.wmf]2

c

 table with df = 2,
[image: image47.wmf]2

c

= 100.43 shows the p-value is less than .005.



Using Excel or Minitab, the p-value corresponding to 
[image: image48.wmf]2

c

= 100.43 is .0000.



p-value
[image: image49.wmf]£

 .05, reject H0. Conclude that the type of ticket purchased is not independent of the type of flight.

12.


[image: image50.wmf]0

:

H

 Method of payment is independent of age group

       


[image: image51.wmf]:
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H

 Method of payment is not independent of age group



Observed Frequency (fij)

	Payment
	18-24
	25-34
	35-44
	45-Over
	Total

	Plastic
	21
	27
	27
	36
	111

	Cash/Chk
	21
	36
	42
	90
	189

	Total
	42
	63
	69
	126
	300




Expected Frequency (eij)

	Payment
	18-24
	25-34
	35-44
	45-Over
	Total

	Plastic
	15.54
	23.31
	25.33
	46.62
	111

	Cash/Chk
	26.46
	39. 69
	43.47
	79.38
	189

	Total
	42
	63
	69
	126
	300




Chi Square (fij - eij)2 / eij
	Payment
	18-24
	25-34
	35-44
	45-Over
	Total

	Correct
	1.92
	.58
	.08
	2.42
	5.01

	Incorrect
	1.13
	.34
	.05
	1.42
	2.94

	
	
	
	
	2 =
	    7.95




Degrees of freedom = (2-1)(4-1) = 3



Using the 
[image: image52.wmf]2

c

 table with df = 3,
[image: image53.wmf]2

c

= 7.95  shows the p-value is between.025 and .05.  


Using Excel or Minitab, the p-value corresponding to 
[image: image54.wmf]2

c

= 7.95 is .0471.



p-value
[image: image55.wmf]£

 .05, reject H0. Conclude method of payment is not independent of age group.


b.
The estimated probability of using plastic by age group:

Age Group

Probability of Using Plastic

  18 to 24

     21/42    =  .5000

  25 to 34

     27/63    =  .4286

  35 to 44

     27/69    =  .3913

  45 and over

     36/126  =  .2857


The probability of using plastic to make purchases declines by age group. The young consumers, age 18 to 24, have the highest probability of using plastic. This is the only group with a .50 probability of using plastic to make a purchase.


c.
Companies such as Visa, MasterCard and Discovery want their cards in the hands of consumers with a high probability of using plastic to make a purchase. Thus, while these companies will want to target all age groups, they should definitely consider specific strategies targeted as getting cards into the hands of  the higher use 18 to 24 year old consumers.

13.
a.
Observed Frequencies

	
	Health Insurance
	

	Size of Company
	Yes
	No
	Total

	Small
	36
	14
	50

	Medium
	65
	10
	75

	Large
	88
	12
	100

	Total
	189
	36
	225




Expected Frequencies

	
	Health Insurance
	

	Size of Company
	Yes
	No
	Total

	Small
	42
	8
	50

	Medium
	63
	12
	75

	Large
	84
	16
	100

	Total
	189
	36
	225




Chi Square

	
	Health Insurance
	

	Size of Company
	Yes
	No
	Total

	Small
	.86
	4.50
	5.36

	Medium
	.06
	  .33
	  .39

	Large
	.19
	1.00
	1.19

	
	
	
[image: image56.wmf]2

c

=
	6.94




Degrees of freedom = (3-1)(2-1) = 2



Using the 
[image: image57.wmf]2

c

 table with df = 2,
[image: image58.wmf]2

c

= 6.94  shows the p-value is between .025 and .05.  



Using Excel or Minitab, the p-value corresponding to 
[image: image59.wmf]2

c

= 6.94 is .0311.



p-value
[image: image60.wmf]£

 .05, reject H0. Health insurance coverage is not independent of the size of the


       company.


b.
Percentage of no coverage by company size:



Small
14/50

[image: image61.wmf]®

 28%



Medium
10/75

[image: image62.wmf]®

 13%



Large
12/100

[image: image63.wmf]®

 12%



Small companies have slightly more than twice the percentage of no coverage for medium and large companies.

14. 
a.
Observed Frequency (fij)

	 
	Automobile
	 

	Purchase
	Chevrolet
	Ford
	Honda
	Toyota
	 

	Again
	Impala
	Taurus
	Accord
	Camry
	Total

	Yes
	49
	44
	60
	46
	199

	No
	37
	27
	18
	19
	101

	 
	86
	71
	78
	65
	300




Expected Frequency (eij)

	 
	Automobile
	 

	Purchase
	Chevrolet
	Ford
	Honda
	Toyota
	 

	Again
	Impala
	Taurus
	Accord
	Camry
	Total

	Yes
	57.05
	47.10
	51.74
	43.12
	199

	No
	28.95
	23.90
	26.26
	21.88
	101

	 
	86
	71
	78
	65
	300




Chi Square (fij - eij)2/ eij
	 
	Automobile
	 

	Purchase
	Chevrolet
	Ford
	Honda
	Toyota
	 

	Again
	Impala
	Taurus
	Accord
	Camry
	      Total

	Yes
	1.14
	0.20
	1.32
	0.19
	       2.85

	No
	2.24
	0.40
	2.60
	0.38
	       5.62

	 
	
	
	
	
	
[image: image64.wmf]2

c

= 8.47



      
Degrees of freedom = (2 - 1)(4 - 1) = 3



Using the 
[image: image65.wmf]2

c

 table with df = 3,
[image: image66.wmf]2

c

= 8.47  shows the p-value is between .025 and .05.  



Using Excel or Minitab, the p-value corresponding to 
[image: image67.wmf]2

c

= 8.47 is .0372.

p-value
[image: image68.wmf]£

 .05, reject H0. The owner’s intent to purchase the model again is not independent of the automobile.  


b.
Column Percentages:




          Chevrolet Impala
49/86(100) = 57




          Ford Taurus
44/71(100) = 62




          Honda Accord
60/78(100) = 77




          Toyota Camry
46/65(100) = 71


          Note:  Consumer Reports does not report fractional or decimal value overall satisfaction scores.


          Ranked in order of overall satisfaction:  
Honda Accord, Toyota Camry, Ford Taurus, and Chevrolet Impala

c.
The United States models (Impala and Taurus) have satisfaction scores less than the overall satisfaction score for the class, while the Japanese models have satisfaction scores greater than the overall satisfaction score for the class.  The satisfaction score is a measure of the likelihood the owner will purchase the model again.  There is evidence of greater brand loyalty among the   Japanese models.  The market share for the United States models may well decline in the future due      to the lower owner satisfaction.    

15.


[image: image69.wmf]0
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H

 Flying during the snowstorm is independent airline

       


[image: image70.wmf]:

a

H

 Flying during the snowstorm is not independent airline



Observed Frequency (fij)

	Flight
	American
	Continental
	Delta
	United
	Total

	Yes
	48
	69
	68
	25
	210

	No
	52
	41
	62
	35
	190

	Total
	100
	110
	130
	60
	400




Expected Frequency (eij)

	Flight
	American
	Continental
	Delta
	United
	Total

	Yes
	52.50
	57.75
	68.25
	31.50
	210

	No
	47.50
	52.25
	61.75
	28.50
	190

	Total
	100
	110
	130
	60
	400




Chi Square (fij - eij)2 / eij
	Flight
	American
	Continental
	Delta
	United
	Total

	Yes
	.39
	2.19
	.00
	2.34
	3.92

	No
	.43
	2.42
	.00
	1.48
	4.33

	
	
	
	
	2 =
	     8.25




Degrees of freedom = (2-1)(4-1) = 3



Using the 
[image: image71.wmf]2

c

 table with df = 3,
[image: image72.wmf]2

c

= 8.25  shows the p-value is between.025 and .05.  



Using Excel or Minitab, the p-value corresponding to 
[image: image73.wmf]2

c

= 8.25 is .0411.



p-value
[image: image74.wmf]£

 .05, reject H0.  The percentage of scheduled flights flown during the snowstorm is not independent of the airline.  During this particular storm, the sample data show the following percent of scheduled flights flown:  American (48%), Continental (62.7%), Delta (52.3%) and United (41.7%).  




Which airline you would choose to fly during similar snowstorm conditions can have different answers for different people. Taking the position that we agree that airlines operate within set safety parameters and fly only if it is safe, we prefer an airline that does the best job of keeping its flights operational during a snowstorm. In this case, Continental and then Delta would be preferred. A very conservative passenger might prefer otherwise, perhaps favoring an airline that flies less and keeps more of its planes on the ground during a snowstorm.      

16. 
a.
The sample size is very large: 6448


b.
Observed Frequency (fij)

	
	Country
	

	Response
	G.B.
	France
	Italy
	Spain
	Ger.
	U.S.
	Total

	Strongly favor
	141
	161
	298
	133
	128
	204
	1065

	Favor
	348
	366
	309
	222
	272
	326
	1843

	Oppose


	381
	334
	219
	311
	322
	316
	1883

	Strongly Oppose
	217
	215
	219
	443
	389
	174
	1657

	      Total
	1087
	1076
	1045
	1109
	1111
	1020
	6448




Expected Frequency (eij)

	
	Country
	

	Response
	G.B.
	France
	Italy
	Spain
	Ger.
	U.S.
	Total

	Strongly favor
	180
	178
	173
	183
	183
	168
	1065

	Favor
	311
	307
	299
	317
	318
	291
	1843

	Oppose


	317
	315
	305
	324
	324
	298
	1883

	Strongly Oppose
	279
	276
	268
	285
	286
	263
	1657

	      Total
	1087
	1076
	1045
	1109
	1111
	1020
	6448
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Degrees of freedom = (4-1)(6-1) = 15



The p-value is approximately 0.



p-value
[image: image76.wmf]£

 .05, reject H0. The attitude toward building new nuclear power plants is not independent of the country.


c.
We can compute the column percentages from the observed frequencies table to help answer this question.

	
	Country
	

	     Response
	G.B.
	France
	Italy
	Spain
	Ger.
	U.S.
	

	Strongly favor
	13.0
	15.0
	28.5
	12.0
	11.5
	20.0
	

	Favor
	32.0
	34.0
	29.5
	20.0
	24.5
	32.0
	

	Oppose


	35.0
	31.0
	21.0
	28.0
	29.0
	31.0
	

	Strongly Oppose
	20.0
	20.0
	21.0
	40.0
	35.0
	17.0
	

	     Total
	100
	100
	100
	100
	100
	100
	




Adding together the percentages of respondents who “Strongly favor” and those who “Favor”, we find the following: Great Britain 45%, France 49%, Italy 58%, Spain 32%, Germany 36% and United States 52%.



Italy shows the most support for nuclear power plants with 58% in favor.  Spain shows the least support with only 32% in favor.  Only Italy and the United States show more than 50% of the respondents in favor of building new nuclear power plants.

17.
a.
Observed Frequencies

	
	Hours of Sleep
	

	Age
	Less than 6
	6 to 6.9
	7 to 7.9
	8 or more
	Total

	49 or younger
	38
	60
	77
	65
	240

	50 or older
	36
	57
	75
	92
	260

	Total
	74
	117
	152
	157
	500




Expected Frequencies

	
	Hours of Sleep
	

	Age
	Less than 6
	6 to 6.9
	7 to 7.9
	8 or more
	Total

	49 or younger
	36
	56
	73
	75
	240

	50 or older
	38
	61
	79
	82
	260

	Total
	74
	117
	152
	157
	500




Chi Square

	
	Hours of Sleep
	

	Age
	Less than 6
	6 to 6.9
	7 to 7.9
	8 or more
	Total

	49 or younger
	.17
	.26
	.22
	1.42
	2.08

	50 or older
	.16
	.24
	.21
	1.31
	1.92

	
	
	
	
	
	2 = 4.01





Degrees of freedom = (2-1)(4-1) = 3



Using the 
[image: image77.wmf]2

c

 table with df = 3,
[image: image78.wmf]2

c

= 4.01 shows the p-value is greater than .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image79.wmf]2

c

= 4.01 is .2604.



p-value > .05, do not reject H0. Cannot reject the assumption that age and hours of sleep are independent.

b. Since age does not appear to have an effect on sleep on weeknights, use the overall

        percentages.



Less than 6
74/500 

[image: image80.wmf]®

 14.8%



6 to 6.9
117/500

[image: image81.wmf]®

 23.4%



7 to 7.9
152/500

[image: image82.wmf]®

 30.4%



8 or more
157/500

[image: image83.wmf]®

 31.4%

18.

Observed Frequency (fij)

	Work
	Anchorage
	Atlanta
	Minneapolis
	Total

	Both 
	57
	70
	63
	190

	Only One
	33
	50
	27
	110

	Total
	90
	120
	90
	300




Expected Frequency (eij) 
	Work
	Anchorage
	Atlanta
	Minneapolis
	Total

	Both 
	57
	76
	57
	190

	Only One
	33
	44
	33
	110

	Total
	90
	120
	90
	300




Chi Square (fij - eij)2 / eij
	Work
	Anchorage
	Atlanta
	Minneapolis
	Total

	Both 
	.00
	.47
	.63
	1.11

	Only One
	.00
	.82
	1.09
	1.91

	Total
	265
	160
	175
	3.01




Degrees of freedom = (3-1)(2-1) = 2



Using the 
[image: image84.wmf]2

c

 table with df = 2,
[image: image85.wmf]2

c

= 3.01 shows the p-value is greater than .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image86.wmf]2

c

= 3.01 is .2220.



p-value > .05, do not reject H0. Married couples working is independent of location. The overall percentage of married couples with both husband and wife working is 190/300 = 63.3%
19.

Expected Frequencies:



e11
=
11.81
e12
=
8.44
e13
=
24.75



e21
=
8.40
e22
=
6.00
e23
=
17.60



e31
=
21.79
e32
=
15.56
e33
=
45.65

	

	
	Observed
	Expected
	

	
	
	Frequency
	Frequency
	

	Host A
	Host B
	(fi)
	(ei)
	(fi - ei)2 / ei

	Con
	Con
	 24
	11.81
	12.57

	Con
	Mixed
	 8
	8.44
	 0.02

	Con
	Pro
	 13
	24.75
	 5.58

	Mixed
	Con
	 8
	8.40
	 0.02

	Mixed
	Mixed
	 13
	6.00
	 8.17

	Mixed
	Pro
	 11
	17.60
	 2.48

	Pro
	Con
	 10
	21.79
	 6.38

	Pro
	Mixed
	 9
	15.56
	 2.77

	Pro
	Pro
	 64
	45.65
	 7.38

	
	Totals:
	160
	
	45.36




Degrees of freedom = (3-1)(3-1) = 4



Using the 
[image: image87.wmf]2

c

 table with df = 2,
[image: image88.wmf]2

c

= 45.36 shows the p-value is less than .005.



Using Excel or Minitab, the p-value corresponding to 
[image: image89.wmf]2

c

= 45.36 is .0000.




p-value
[image: image90.wmf]£

 .01, reject H0. Conclude that the ratings are not independent.

20.

First estimate  from the sample data. Sample size = 120.
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Therefore, we use Poisson probabilities with  = 1.3 to compute expected frequencies.

	x
	Observed Frequency
	Poisson Probability
	Expected Frequency
	Difference
(fi - ei)

	0
	39
	.2725
	32.70
	  6.30

	1
	30
	.3543
	42.51
	-12.51

	2
	30
	.2303
	27.63
	  2.37

	3
	18
	.0998
	11.98
	  6.02

	4 
	3
	.0431
	  5.16
	- 2.17
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Degrees of freedom = 5 - 1 - 1 = 3



Using the 
[image: image93.wmf]2

c

 table with df = 2,
[image: image94.wmf]2

c

= 9.04 shows the p-value is between .025 and .05.  



Using Excel or Minitab, the p-value corresponding to 
[image: image95.wmf]2

c

= 9.04 is .0288.



p-value
[image: image96.wmf]£

 .05, reject H0. Conclude that the data do not follow a Poisson probability


       distribution.

21.

With n = 30 we will use six classes, each with the probability of .1667.




[image: image97.wmf]x

 = 22.8   s = 6.27



The z values that create 6 intervals, each with probability .1667 are -.98, -.43, 0, .43, .98

	z
	Cut off value of x

	-.98
	22.8 - .98 (6.27) = 16.66

	-.43
	22.8 - .43 (6.27) = 20.11

	0
	22.8 + 0 (6.27) = 22.80

	.43
	22.8 + .43 (6.27) = 25.49

	.98
	22.8 + .98 (6.27) = 28.94


	Interval
	Observed Frequency
	Expected Frequency
	Difference

	less than 16.66
	3
	5
	-2

	16.66 - 20.11
	7
	5
	 2

	20.11 - 22.80
	5
	5
	 0

	22.80 - 25.49
	7
	5
	 2

	25.49- 28.94
	3
	5
	-2

	28.94 and up
	5
	5
	 0
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Degrees of freedom = 6 - 2 - 1 = 3



Using the 
[image: image99.wmf]2

c

 table with df = 3,
[image: image100.wmf]2

c

= 3.20 shows the p-value is greater than .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image101.wmf]2

c

= 3.20 is .3618.



p-value > .05, do not reject H0. The claim that the data comes from a normal distribution cannot be rejected.

22.
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Use Poisson probabilities with  = 1.

	x
	Observed
	Poisson Probabilities
	Expected
	

	0
	34
	.3679
	29.43
	

	1
	25
	.3679
	29.43
	

	2
	11
	.1839
	14.71
	

	3
	7
	.0613
	4.90
	combine into 1 category of 3 or more to make 
[image: image103.wmf]5

i

e

³



	4
	3
	.0153
	1.22
	

	5 or more
	-
	.0037
	.30
	




2 = 4.30



Degrees of freedom = 4 - 1 - 1 = 2



Using the 
[image: image104.wmf]2

c

 table with df = 2,
[image: image105.wmf]2

c

= 4.30 shows the p-value is greater than .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image106.wmf]2

c

= 4.30 is .1165.



p-value > .05, do not reject H0. The assumption of a Poisson distribution cannot be rejected.

23.
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	x
	Observed
	Poisson Probabilities
	Expected

	0
	15
	.1353
	13.53

	1
	31
	.2707
	27.07

	2
	20
	.2707
	27.07

	3
	15
	.1804
	18.04

	4
	13
	.0902
	 9.02

	5 or more
	6
	.0527
	 5.27




2 = 4.95



Degrees of freedom = 6 - 1 - 1 = 4



Using the 
[image: image108.wmf]2

c

 table with df = 4,
[image: image109.wmf]2

c

= 4.95 shows the p-value is greater than .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image110.wmf]2

c

= 4.95 is .2925.



p-value > .10, do not reject H0. The assumption of a Poisson distribution cannot be rejected.

24.


[image: image111.wmf]x

 = 24.5 s = 3 n = 30 Use 6 classes

	Percentage
	z
	Data Value

	16.67%
	-.97
	24.5-.97(3)  =
	21.59

	33.33%
	-.43
	24.5-.43(3)  =
	23.21

	50.00%
	.00
	24.5+.00(3)  =
	24.50

	66.67%
	.43
	24.5+.43(3)  =
	25.79

	83.33%
	.97
	24.5+.97(3)  =
	27.41


	Interval
	Observed Frequency
	Expected Frequency

	less than 21.59
	5
	5

	21.59 - 23.21
	4
	5

	23.21 - 24.50
	3
	5

	24.50 - 25.79
	7
	5

	25.79 - 27.41
	7
	5


	27.41 up
	4
	5




2 = 2.80



Degrees of freedom = 6 - 2 - 1 = 3



Using the 
[image: image112.wmf]2

c

 table with df = 3,
[image: image113.wmf]2

c

= 2.80 shows the p-value is greater than .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image114.wmf]2

c

= 2.80 is .4235.



p-value > .10, do not reject H0. The assumption of a normal distribution cannot be rejected.

25.


[image: image115.wmf]x

= 71 s = 17 n = 25 Use 5 classes

	Percentage
	z
	Data Value

	20.00%
	-.84
	71-.84(17)  =
	56.72

	40.00%
	-.25
	71-.84(17)  =
	66.75

	60.00%
	.25
	71-.84(17)  =
	75.25

	80.00%
	.84
	71-.84(17)  =
	85.28


	Interval
	Observed Frequency
	Expected Frequency

	less than 56.72
	7
	5

	56.72 - 66.75
	7
	5

	66.75 – 75.25
	1
	5

	75.25 - 85.28
	1
	5

	85.28 up
	9
	5




2 = 11.20



Degrees of freedom = 5 - 2 - 1 = 2



Using the 
[image: image116.wmf]2

c

 table with df = 2,
[image: image117.wmf]2

c

= 11.20 shows the p-value is less than .005.  



Using Excel or Minitab, the p-value corresponding to 
[image: image118.wmf]2

c

= 11.20 is .0037.



p-value
[image: image119.wmf]£

 .01, reject H0. Conclude the distribution is not a normal distribution.

26.



	Observed
	60
	45
	59
	36

	Expected
	50
	50
	50
	50




2 = 8.04



Degrees of freedom = 4 - 1 = 3



Using the 
[image: image120.wmf]2

c

 table with df = 3,
[image: image121.wmf]2

c

= 8.04 shows the p-value is between .025 and .05.  



Using Excel or Minitab, the p-value corresponding to 
[image: image122.wmf]2

c

= 8.04 is .0452.



p-value
[image: image123.wmf]£

 .05, reject H0. Conclude that the order potentials are not the same in each sales


       territory.

27.



	Observed
	48
	323
	79
	16
	63

	Expected
	37.03
	306.82
	126.96
	21.16
	37.03
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Degrees of freedom = 5 - 1 = 4



Using the 
[image: image125.wmf]2

c

 table with df = 2,
[image: image126.wmf]2

c

= 41.69 shows the p-value is less than .005. 



Using Excel or Minitab, the p-value corresponding to 
[image: image127.wmf]2

c

= 41.69 is .0000.



p-value
[image: image128.wmf]£

 .01, reject H0. Mutual fund investors' attitudes toward corporate bonds differ from their attitudes toward corporate stock.

28.

	Passenger Car
	Hypothesized Proportion
	Observed Frequency
	Expected Frequency
	(fi - ei)2 / ei

	Toyota Camry
	.37
	480
	444
	2.92

	Honda Accord
	.34
	390
	408
	 .79

	Ford Taurus
	.29
	330
	348
	 .93

	
	Totals:
	1200
	1200
	4.64




Degrees of Freedom: 2



Using the 
[image: image129.wmf]2

c

 table with df = 2,
[image: image130.wmf]2

c

= 4.64 shows the p-value is between .05 and .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image131.wmf]2

c

= 4.64 is .0983.



p-value > .05, cannot reject H0. Toyota Camry's market share appears to have increased to 480/1200 = 40%. However, the sample does not justify the conclusion that the market shares have changed from their historical 37%, 34%, 29% levels.



All three manufacturers will want to watch for additional sales reports before drawing a final  conclusion.

29.



	Observed
	13
	16
	28
	17
	16

	Expected
	18
	18
	18
	18
	18





[image: image132.wmf]2

c

 = 7.44



Degrees of freedom = 5 - 1 = 4



Using the 
[image: image133.wmf]2

c

 table with df = 4,
[image: image134.wmf]2

c

= 7.44 shows the p-value is greater than .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image135.wmf]2

c

= 7.44 is .1144.



p-value > .05, do not reject H0. The assumption that the number of riders is uniformly distributed cannot be rejected.

30. 

	
	
	Observed
	Expected
	

	
	Hypothesized
	Frequency
	Frequency
	

	Category
	Proportion
	(fi)
	(ei)
	(fi - ei)2 / ei

	Very Satisfied
	0.28
	105
	140
	 8.75

	Somewhat Satisfied
	0.46
	235
	230
	 0.11

	Neither
	0.12
	 55
	60
	 0.42

	Somewhat Dissatisfied
	0.10
	 90
	50
	32.00

	Very Dissatisfied
	0.04
	 15
	20
	 1.25

	
	Totals:
	500
	
	42.53




Degrees of freedom = 5 - 1 = 4



Using the 
[image: image136.wmf]2

c

 table with df = 2,
[image: image137.wmf]2

c

= 42.53 shows the p-value is less than .005.



Using Excel or Minitab, the p-value corresponding to 
[image: image138.wmf]2

c

= 42.53 is .0000.




p-value
[image: image139.wmf]£

 .05, reject H0. Conclude that the job satisfaction for computer programmers is different than the job satisfaction for IS managers.

31.

Expected Frequencies:




 

	
	Quality

	Shift
	Good
	Defective

	1st
	368.44
	31.56

	2nd
	276.33
	23.67

	3rd
	184.22
	15.78





[image: image140.wmf]2

c

 = 8.10



Degrees of freedom = (3 - 1)(2 - 1) = 2



Using the 
[image: image141.wmf]2

c

 table with df = 2,
[image: image142.wmf]2

c

= 8.10 shows the p-value is between .01 and .025.  



Using Excel or Minitab, the p-value corresponding to 
[image: image143.wmf]2

c

= 8.10 is .0174.



p-value
[image: image144.wmf]£

 .05, reject H0. Conclude that shift and quality are not independent.

32.

Expected Frequencies:



e11
=
1046.19
e12
=
632.81



e21
=
28.66
e22
=
17.34



e31
=
258.59
e32
=
156.41



e41
=
516.55
e42
=
312.4

	
	
	Observed
	Expected
	

	
	
	Frequency
	Frequency
	

	Employment
	Region
	(fi)
	(ei)
	(fi - ei)2 / ei

	Full-Time
	Eastern
	1105
	1046.19
	3.31

	Full-time
	Western
	 574
	632.81
	5.46

	Part-Time
	Eastern
	 31
	28.66
	0.19

	Part-Time
	Western
	 15
	17.34
	0.32

	Self-Employed
	Eastern
	 229
	258.59
	3.39

	Self-Employed
	Western
	 186
	156.41
	5.60

	Not Employed
	Eastern
	 485
	516.55
	1.93

	Not Employed
	Western
	 344
	312.45
	3.19

	
	Totals:
	2969
	
	23.37




Degrees of freedom = (4 - 1)(2 - 1) = 3



Using the 
[image: image145.wmf]2

c

 table with df = 3,
[image: image146.wmf]2

c

= 23.37 shows the p-value is less than .005.  



Using Excel or Minitab, the p-value corresponding to 
[image: image147.wmf]2

c

= 23.37  is .0000.




p-value
[image: image148.wmf]£

 .05, reject H0. Conclude that employment status is not independent of region.

33.

Expected frequencies:
	
	Loan Approval Decision

	Loan Offices
	Approved
	Rejected

	Miller
	24.86
	15.14

	McMahon
	18.64
	11.36

	Games
	31.07
	18.93

	Runk
	12.43
	7.57





[image: image149.wmf]2

c

= 2.21



Degrees of freedom = (4 - 1)(2 - 1) = 3



Using the 
[image: image150.wmf]2

c

 table with df = 3,
[image: image151.wmf]2

c

= 1.21 shows the p-value is greater than .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image152.wmf]2

c

= 2.21 is .5300.



p-value > .05, do not reject H0. The loan decision does not appear to be dependent on the


       officer.

34.
a.     Column totals:  Slower 213, No Preference 21, and Faster 66.



Percentage preferring a slower pace = (213/300)(100) = 71%



 Percentage preferring a faster pace = (66/300)(100) = 22%

The combined samples of men and women show a majority would rather live in a place with a slower pace of life.


b.
Observed Frequency (fij)

	
	Preferred Pace of Life
	

	Respondent
	Slower
	No Pref
	Faster
	Total

	Men
	102
	  9
	39
	150

	Woman
	111
	12
	27
	150

	Total
	213
	21
	66
	300

	
	
	
	
	




Expected Frequency (eij)

	
	Preferred Pace of Life
	

	Respondent
	Slower
	No Pref
	Faster
	Total

	Men
	106.5
	 10.5
	33
	150

	Woman
	106.5
	10.5
	33
	150

	Total
	213
	21
	66
	300




Chi Square (fij - eij)2/ eij
	
	Preferred Pace of Life
	

	Respondent
	Slower
	No Pref
	Faster
	Total

	Men
	.19
	 .21
	1.09
	1.495

	Woman
	.19
	 ..21
	1.09
	1.495

	
	
	
	
	χ2 = 2.99




Degrees of freedom = (2-1)(3-1) = 2



Using the 
[image: image153.wmf]2

c

 table with df = 2,
[image: image154.wmf]2

c

= 2.99  shows the p-value is greater than .10.



Using Excel or Minitab, the p-value corresponding to 
[image: image155.wmf]2

c

= 2.99 is .2242.


p-value > .05, do not reject H0.  We cannot reject the assumption that the preferred pace of life is independent of the respondent being a man or a woman.  That is, there is no statistical evidence to conclude men and women differ with respected to the preferred pace of life.

This is a good example of where it would be desirable to study this further before drawing a conclusion.  Including a larger number of men and women in the sample and repeating the analysis should be considered.  

35.

Observed Frequencies

	
	Church Attendance
	

	Age
	Yes
	No
	Total

	20 to 29
	31
	69
	100

	30 to 39
	63
	87
	150

	40 to 49
	94
	106
	200

	50 to 59
	72
	78
	150

	Total
	260
	340
	600




Expected Frequencies

	
	Church Attendance
	

	Age
	Yes
	No
	Total

	20 to 29
	43
	57
	100

	30 to 39
	65
	85
	150

	40 to 49
	87
	113
	200

	50 to 59
	65
	85
	150

	Total
	260
	340
	600




Chi Square

	
	Church Attendance
	

	Age
	Yes
	No
	

	20 to 29
	3.51
	2.68
	6.19

	30 to 39
	 .06
	  .05
	.11

	40 to 49
	 .62
	 .47
	1.10

	50 to 59
	 .75
	 .58
	1.33

	
	
	
	2 = 8.73




Degrees of freedom = 3



Using the 
[image: image156.wmf]2

c

 table with df = 3,
[image: image157.wmf]2

c

= 8.73 shows the p-value is between .025 and .05.  



Using Excel or Minitab, the p-value corresponding to 
[image: image158.wmf]2

c

= 8.73 is .0331.



p-value
[image: image159.wmf]£

 .05, reject H0. Conclude church attendance is not independent of age.



Attendance by age group:



20 - 29
31/100 
[image: image160.wmf]®

 31%



30 - 39
63/150 
[image: image161.wmf]®

 42%



40 - 49
94/200 
[image: image162.wmf]®

 47%



50 - 59
72/150 
[image: image163.wmf]®

 48%



Church attendance increases as individuals grow older.

36.

Expected Frequencies:






 Days of the Week

	County
	Sun
	Mon
	Tues
	Wed
	Thur
	Fri
	Sat
	Total

	Urban
	56.7
	47.6
	55.1
	56.7
	60.1
	72.6
	44.2
	393

	Rural
	11.3
	9.4
	10.9
	11.3
	11.9
	14.4
	8.8
	78

	Total
	68
	57
	66
	68
	72
	87
	53
	471





[image: image164.wmf]2

c

= 6.17



Degrees of freedom = (2 - 1)(7 - 1) = 6



Using the 
[image: image165.wmf]2

c

 table with df = 6,
[image: image166.wmf]2

c

= 6.17 shows the p-value is greater than .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image167.wmf]2

c

= 6.17 is .4404.



p-value > .05, do not reject H0. The assumption of independence cannot be rejected.

37. 


[image: image168.wmf]x

 = 76.83 s = 12.43

	Interval
	Observed Frequency
	Expected Frequency

	less than 62.54
	5
	5

	62.54 - 68.50
	3
	5

	68.50 - 72.85
	6
	5

	72.85 - 76.83
	5
	5

	76.83 - 80.81
	5
	5

	80.81 - 85.16
	7
	5

	85.16 - 91.12
	4
	5

	91.12 up
	5
	5




2 = 2



Degrees of freedom = 8 - 2 - 1 = 5



Using the 
[image: image169.wmf]2

c

 table with df = 5,
[image: image170.wmf]2

c

= 2.00 shows the p-value is greater than .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image171.wmf]2

c

= 2.00 is .8491.



p-value > .05, do not reject H0. The assumption of a normal distribution cannot be rejected.

38.

Expected Frequencies:

	
	Los Angeles
	San Diego
	San Francisco
	 San Jose
	 Total

	Occupied
	165.7
	124.3
	186.4
	165.7
	642

	Vacant
	 34.3
	 25.7
	 38.6
	 34.3
	133

	Total
	200.0
	150.0
	225.0
	200.0
	775
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Degrees of freedom = (2 - 1)(4 - 1) = 3



Using the 
[image: image173.wmf]2

c

 table with df = 3,
[image: image174.wmf]2

c

= 7.75 shows the p-value between .05 and .10.



Using Excel or Minitab, the p-value corresponding to 
[image: image175.wmf]2

c

= 7.75 is .0515.



p-value > .05, do not reject H0. We cannot conclude that office vacancies are dependent on metropolitan area, but it is close: the p-value is slightly larger than .05.

39.
a.

	x
	Observed Frequencies
	Binomial Prob. 
n = 4, p = .30
	Expected Frequencies

	0
	 30
	.2401
	 24.01

	1
	 32
	.4116
	 41.16

	2
	 25
	.2646
	 26.46

	3
	 10
	.0756
	 7.56

	4
	   3
	.0081
	      .81

	
	100
	
	100.00




The expected frequency of x = 4 is .81. Combine x = 3 and x = 4 into one category so that all expected frequencies are 5 or more.

	x
	Observed Frequencies
	Expected Frequencies

	0
	30
	24.01

	1
	32
	41.16

	2
	25
	26.46

	3 or 4
	 13
	 8.37

	
	100
	100.00



b.

[image: image176.wmf]2

c

= 6.17



Degrees of freedom = 4 - 1 = 3



Using the 
[image: image177.wmf]2

c

 table with df = 3,
[image: image178.wmf]2

c

= 6.17 shows the p-value is greater than .10.  



Using Excel or Minitab, the p-value corresponding to 
[image: image179.wmf]2

c

= 6.17 is .1036.



p-value > .05, do not reject H0. Conclude that the assumption of a binomial distribution cannot be rejected.

}
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