Assignment No. 1
Regression Analysis and ANOVA - MTH 441
1.  The moisture of the wet mix of a product is considered to have an effect on the finished product density. The moisture of the mix was controlled, and the finished product densities were measured, as shown in the following data:
	Obs.
	Mix Moisture (Coded), X
	Density (Coded), Y

	1
	4.7
	3

	2
	5.0
	3

	3
	5.2
	4

	4
	5.2
	5

	5
	5.9
	10

	6
	4.7
	2

	7
	5.9
	9

	8
	5.2
	3

	9
	5.3
	7

	10
	5.9
	6

	11
	5.6
	6

	12
	5.0
	4



a.  Fit the model  to the data.
b.  Test  vs. .
c.  Place 95% confidence limits on  and .
2.  The cost of maintenance of shipping tractors seems to increase with the age of the tractor. The following data were collected:
	Obs.
	Age (yr), X
	6-Month Cost ($), Y
	Obs.
	Age (yr), X
	6-Month Cost ($), Y

	1
	4.5
	619
	10
	5.0
	1194

	2
	4.5
	1049
	11
	0.5
	163

	3
	4.5
	1033
	12
	0.5
	182

	4
	4.0
	495
	13
	6.0
	764

	5
	4.0
	723
	14
	6.0
	1373

	6
	4.0
	681
	15
	1.0
	978

	7
	5.0
	890
	16
	1.0
	466

	8
	5.0
	1522
	17
	1.0
	549

	9
	5.5
	987
	
	
	


a.  Determine if a straight-line relationship is sensible (use ).
b.  Find a 99% confidence interval for  and .
3.  It has been proposed in a manufacturing organization that a cup-loss figure performed on the line supersede a bottle-loss analysis, which is a costly, time-consuming laboratory procedure. The cup-loss analysis would yield better control of the process because of the gain in time. If it can be shown that cup loss is a function of bottle loss, it would be a reasonable decision to make. Given the following data, what is your conclusion? (Use .)
	Obs.
	Bottle Loss (%), X
	Cup Loss (%), Y

	1
	3.0
	3.1

	2
	3.1
	3.9

	3
	3.0
	3.4

	4
	3.6
	4.0

	5
	3.8
	3.6

	6
	2.7
	3.6

	7
	3.1
	3.1

	8
	2.7
	3.6

	9
	2.7
	2.9

	10
	3.3
	3.6

	11
	3.2
	4.1

	12
	2.1
	2.6

	13
	3.0
	3.1

	14
	2.6
	2.8



4.  It is thought that the number of cans damaged in a boxcar shipment of cans is a function of the speed of the boxcar at impact. Thirteen boxcars selected at random were used to examine whether this appeared to be true. The data collected were as follows. What are your conclusions? (Use .) 
	Obs.
	Speed of Car at Impact, X
	No. of Cans Damaged, Y

	1
	4
	27

	2
	3
	54

	3
	5
	86

	4
	8
	136

	5
	4
	65

	6
	3
	109

	7
	3
	28

	8
	4
	75

	9
	3
	53

	10
	5
	33

	11
	7
	168

	12
	3
	47

	13
	8
	52


5.  The effect of the temperature of the deodorizing process on the color of the finished product was determined experimentally. The data collected were as follows:
	Obs.
	Temp, X
	Color, Y

	1
	460
	0.3

	2
	450
	0.3

	3
	440
	0.4

	4
	430
	0.4

	5
	420
	0.6

	6
	410
	0.5

	7
	450
	0.5

	8
	440
	0.6

	9
	430
	0.6

	10
	420
	0.6

	11
	410
	0.7

	12
	400
	0.6

	13
	420
	0.6

	14
	410
	0.6

	15
	400
	0.6


a.  Fit the model .
b.  Is this model sensible? (Use .)
c.  Obtain a 95% confidence interval for the true mean value of Y at any given value of X, say .
6.  In a certain Federal Power Commission hearing some years ago, witnesses presented the following data (rounded):
	Obs.
	X
	Y

	1
	13.3
	3.5

	2
	16.9
	5.1

	3
	19.9
	4.8

	4
	23.2
	6.7

	5
	26.3
	6.0

	6
	30.1
	9.5

	7
	42.6
	8.1


The variables are: predictor X = percentage of liquids in gas-production output; response Y = unit cost, in cents, of processing output.
Fit a straight line to these data and find the residual variation via an analysis of variance table.
The witnesses extrapolated the straight line to the points  and  to provide unit costs for situations in which production consisted of no liquids and all liquids. Find the values of  and  and determine 95% confidence limits for the true mean value of Y at  and . What do you conclude?
7.  The data below show 34 pairs of values of X = average level of aflatoxin in a mini-lot sample of 120 pounds of peanuts (ppb), and Y = percentage of non-contaminated peanuts in the batch.
	Obs.
	Y
	X
	
	Obs.
	Y
	X

	1
	0.971
	3.0
	
	18
	0.933
	24.2

	2
	0.979
	4.7
	
	19
	0.858
	25.8

	3
	0.982
	8.3
	
	20
	0.987
	30.6

	4
	0.971
	9.3
	
	21
	0.958
	36.2

	5
	0.957
	9.9
	
	22
	0.909
	39.8

	6
	0.961
	11.0
	
	23
	0.859
	44.3

	7
	0.956
	12.3
	
	24
	0.863
	46.8

	8
	0.972
	12.5
	
	25
	0.811
	46.8

	9
	0.889
	12.6
	
	26
	0.877
	58.1

	10
	0.961
	15.9
	
	27
	0.798
	62.3

	11
	0.982
	16.7
	
	28
	0.855
	70.6

	12
	0.975
	18.8
	
	29
	0.788
	71.1

	13
	0.942
	18.8
	
	30
	0.821
	71.3

	14
	0.932
	18.9
	
	31
	0.83
	83.2

	15
	0.908
	21.7
	
	32
	0.718
	83.6

	16
	0.97
	21.9
	
	33
	0.642
	99.5

	17
	0.985
	22.8
	
	34
	0.658
	111.2



a.  Plot the data (Y as ordinate, X as abscissa) and, "by eye" only, draw what appears to you to be a well-fitting straight line through the points. Keep this figure; you will need it for comparison later. Would you say your line is a "good fit"?
b.  Fit the model  by least squares. Draw the fitted line on your plot and check how good your eye-fit was.
c.  Evaluate the residuals to three decimal places. Check that , within rounding error. Examine plots of the residuals and give your conclusion.
d.  Obtain the analysis of variance table.
e.  Find the standard errors of  and .

8. (Source: "Life Expectancy," by M. E. Wilson and L. E. Mather, Letter to the Editor, Journal of the American Medical Association, 229, No. 11, 1974, pp. 1421–1422.) The 50 pairs of observations below arose during a study carried out by Dr. L. E. Mather and Dr. M. E. Wilson. The variables are:
X = age of person at death (to the nearest year);  Y = length of the lifeline on the left hand, in centimetres (to the nearest 0.15 cm).


	Obs.
	X = Age (yr)
	Y = Length (cm)
	
	Obs.
	X = Age (yr)
	Y = Length (cm)

	1
	19
	9.5
	
	26
	68
	9.00

	2
	40
	9.00
	
	27
	69
	7.8

	3
	42
	9.6
	
	28
	69
	10.05

	4
	42
	9.75
	
	29
	70
	10.5

	5
	47
	11.25
	
	30
	71
	9.15

	6
	49
	9.45
	
	31
	71
	9.45

	7
	50
	11.25
	
	32
	71
	9.45

	8
	54
	9.00
	
	33
	72
	9.45

	9
	56
	7.95
	
	34
	73
	8.1

	10
	56
	12.00
	
	35
	74
	8.85

	11
	57
	8.1
	
	36
	74
	9.6

	12
	57
	10.2
	
	37
	75
	6.45

	13
	58
	8.55
	
	38
	75
	9.75

	14
	61
	7.2
	
	39
	75
	10.2

	15
	62
	7.95
	
	40
	76
	6.00

	16
	62
	8.85
	
	41
	77
	8.85

	17
	65
	8.25
	
	42
	80
	9.00

	18
	65
	8.85
	
	43
	82
	9.75

	19
	65
	9.75
	
	44
	82
	10.65

	20
	66
	8.85
	
	45
	82
	13.2

	21
	66
	9.15
	
	46
	83
	7.95

	22
	66
	10.2
	
	47
	86
	7.95

	23
	67
	9.15
	
	48
	88
	9.15

	24
	68
	7.95
	
	49
	88
	9.75

	25
	68
	8.85
	
	50
	94
	9.00



Many people believe that the length of one's life is linearly related to the length of one's lifeline. What light do these data throw on this belief?
9.  The Chicago Maroon, Friday, November 10, 1972: the Party Mart advertised per-bottle prices for vintage port, as given in the accompanying table.
	Obs.
	Year
	Price ($)
	
	Obs.
	Year
	Price ($)

	1
	1890
	50.00
	
	8
	1941
	10.00

	2
	1900
	35.00
	
	9
	1944
	5.99

	3
	1920
	25.00
	
	10
	1948
	8.98

	4
	1931
	11.98
	
	11
	1950
	6.98

	5
	1934
	15.00
	
	12
	1952
	4.99

	6
	1935
	13.00
	
	13
	1955
	5.98

	7
	1940
	6.98
	
	14
	1960
	4.98



I.  Plot the data and examine them. Would it be sensible to fit a regression of the response “price” on the predictor “year”? What disadvantages can you see?
II.  What transformation of the predictor "year" would be sensible? (Hint: pretend it is 1972, and think about how you would typically describe your own "year.") Plot price versus your new predictor and examine the plot. What type of transformation on price would seem sensible here, to make the data look more "straight-line-ish"?
III.  Plot the data Y = ln(price) versus Z = age of bottle. Fit a straight line to the data by least squares, evaluate the residuals, and produce the analysis of variance table.
IV.  What do you conclude about the price of vintage port, as exhibited by this data set and your analysis? To the nearest cent, at what per-year rate would you expect the price of a bottle of vintage port to rise if a similar price pattern continued into the future?
V.  A subsequent advertisement, three years later, on Tuesday, November 25, 1975, offered 1937-vintage port at $20.00 per bottle. If it can be assumed that a straight-line relationship is preserved and applies also to this new data point, how much per bottle per year does it appear prices have risen in the intervening three years? Are your answers here and in Part IV consistent, or does it appear that the per-year price rise has accelerated?
10.  Consider the simple linear regression model , with , and 's uncorrelated.
a.  Show that . 
b.  Show that .
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