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Model Building
5.2
a.
Diet type is a qualitative variable as it must be classified into one of two categories (plant or duck chow)


b.
Digestion efficiency is a quantitative variable as it is measured on a numerical scale (i.e., 15%)


c.
Amount of acid-fibre detergent added to diet is a quantitative variable as it is measured on a numerical scale (i.e., 40%)

5.4
a.
Number of preincident psychological symptoms is a quantitative variable ranging from zero to a high value of maybe 10 or 15.


b.
Years of experience is a quantitative variable ranging from 0 to around 40.


c.
Cigarette smoking behavior is a qualitative variable.  Possible values for this variable is smokes or does not smoke.


d.
Level of social support is a qualitative variable.  Possible values of the variable are low, medium, or high.


e.
Marital status is a qualitative variable.  Possible values of the variable are single, married, divorced, widowed, or separated.


f.
Age is a quantitative variable with values ranging from a low of 18 to a high of about 65.


g.
Ethnic status is a qualitative variable.  Possible values of this variable are Caucasian, Afro-American, American Indian, Oriental, etc.


h.
Exposure to a chemical fire is a qualitative variable.  Possible values of this variable are exposed or not exposed.


i.
Educational level is a qualitative variable.  Possible values of this variable are below high school, high school diploma, some college, bachelor's degree, master's degree, or doctorate degree.


j.
Distance lived from site of incident is a quantitative variable, ranging form 0 miles to maybe 40 miles.


k.
Gender is a qualitative variable with values male or female.

5.6
a.  ADVANCE \R 2.15i.
  First-order



 ADVANCE \R 2.85ii.
  Third-order



ADVANCE \R 2.85iii.
  First-order



 iv.
  Second-order


b.  ADVANCE \R 2.15i.
  E(y) = (0 + (1x


 ADVANCE \R 2.85ii.
  E(y) = (0 + (1x + (2x2 + (3x3


ADVANCE \R 2.85iii.
  E(y) = (0 + (1x


 iv.
  E(y) = (0 + (1x + (2x2 


c.  
   i.
  (1  > 0 since the slope of the line is positive.



  ii.
  (3  > 0 refer to Figure 5.4.



ADVANCE \R 2.85iii.
  (1  < 0 since the slope of the line is negative.



 iv.
  (2  < 0 since the parabola opens downward.

5.8
a.



b.
Looking at x = 30-33 only indicates a straight-line model:  E(y) = (0 + (1x.



Looking at x = 33-36 also indicates a straight-line model:  E(y) = (0 + (1x.



Using all the data, we propose a quadratic model:  E(y) = (0 + (1x + (2x2.

5.10
a.
x1 = frequency is a quantitative variable as it can be measured on a numerical scale (i.e.,




ADVANCE \R 0.7010 cycles per second).



x2 = amplitude is a quantitative variable as it can be measured on a numerical scale (i.e.,




ADVANCE \R 0.7050).


b.
E(y) = (0 + (1x1 + (2x2
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c.
E(y) = (0 + (1x1 + (2x2 + (3x1x2

d.
E(y) = (0 + (1x1 + (2x2 + 
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5.12
a.
There are three interaction terms:  x1x2, x1x3, x2x3.   The first-order model plus interaction is:



E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x1x2 + (5x1x3 + (6x2x3

b.
The complete second-order model is:



E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x1x2 + (5x1x3 + (6x2x3 + 
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5.14
a.
The complete second order model is:



E(y) = (0 + (1x1 + (2x2 + (3x1x2 + 
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b.
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c.
To determine if the model is statistically useful, we test:



H0:  (1 = (2 = (3 = (4 = (5 = 0



Ha:  At least one (i ( 0



The test statistic is F = 5.59



The p-value is:  p = .013



Since ( = .05 > p = .013, H0 is rejected.  There is sufficient evidence to indicate the model is statistically useful for predicting annual earnings.


d.
To determine if the 2nd-order are necessary for predicting annual earnings, we would test:



H0:  (3 = (4 = (5 = 0



Ha:  At least one (i ( 0


e.
Excel was used to generate the following output for the first-order model:

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	2
	5018232
	2509116
	8.363263
	0.005313599

	Residual
	12
	3600196
	300016.3
	
	

	Total
	14
	8618428
	 
	 
	 




The test statistic is F = 
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The rejection region requires ( = .05 in the upper tail of the F distribution with 



v1 = k ( g = 5 ( 2 = 3 and v2 = n ( (k + 1) = 15 ( (5 + 1) = 9.  From Table 4, 



Appendix C, F.05 = 3.86.  The rejection region is F > 3.86.



Since the observed value of the test statistic does not fall in the rejection region 



(F = 2.15 
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 3.86), H0 cannot be rejected.  There is insufficient evidence to indicate that the second-order terms are necessary for predicting annual earnings.

5.16
a.
We use the following summary information to calculate  eq \O() and sx for the sample of x‑values:




n = 7, 
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Then eq \O() 
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and sx = 
[image: image14.wmf](

)

667

.

4

6

7

)

231

(

7651

1

2

2

2

=

-

=

-

-

å

å

n

n

x

x

 = 2.16



Using the coding system for observational data, we have:




u = 
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ADVANCE \D 25.20
b.
ADVANCE \U 25.20
	PRIVATE 
x
	30
	31
	32
	33
	34
	35
	36

	u
	(1.389
	(.926
	(.436
	0
	.463
	.926
	1.389



c.
Let x1 = x and x2 = x2.  We first calculate:
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d.
Let u1 = u and u2 = u2.  We first calculate:
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Then, r = 
[image: image33.wmf])

860

.

3

)(

002

.

6

(

0

SS

SS

SS

2

2

1

1

2

1

=

u

u

u

u

u

u

 = 0


e.
Using the SAS multiple regression procedure, we obtain:

 eq \O()
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5.18
a.
ui = 
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b.
Summary calculations yield:

 eq \O()
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 = .34375


Sx = .1522158



The calculated values of u are:

	PRIVATE 
y
	x
	u

	273
	.15
	(1.27286

	175
	.20
	(0.944383

	146
	.25
	(0.615902

	166
	.30
	(0.287421

	162
	.35
	0.0410601

	165
	.40
	0.369541

	245
	.50
	1.0265

	314
	.60
	1.68347



c.
The correlation between x and x2 is r = .983987 (calculations not shown).


d.
The correlation between u and u2 is r = .403094 (calculations not shown).  Note the smaller correlation here.


e. eq \O() 

[image: image37.wmf]y
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= 155.02 + 5.48617u + 57.9769u2 (calculations not shown).



F = 18.3668, p = .004968



At ( = .01, there is sufficient evidence to indicate the model is useful in predicting threshold current.

5.20
a.
Group is the qualitative independent variable.  It must be coded into 2 dummy variables since it has 3 levels.


b.
E(y) = (0 + (1x1 + (2x2 



where
x1 = 
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c.
(0 = (1

mean milk production of cows in group 1 (man-made shade structure)



(1 = (2-(1
difference in mean milk production between cows in group 2 and group 1 (tree shade(man-made shade structure)



(2 = (3-(1
difference in mean milk production between cows in group 3 and group 1 (no shade(man-made shade structure)

5.22
a.
E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x4 + (5x5 + (6x1x5 + (7x2x5 + (8x3x5 + (9x4x5

b.
(1 = (Business-(Nursing for the male graduates


c.
(2 = (Engineering-(Nursing for the male graduates


d.
(3 = (Liberal Arts-(Nursing for the male graduates


e.
(4 = (Journalism-(Nursing for the male graduates


f.
(5 = (Female-(Male for the nursing graduates


g.
To determine if interaction exists, we test:




H0:  (6 = (7 = (8 = (9



Ha:  At least one (i ( 0
5.24
The proposed model would not reach the administration’s objective.  It would force the difference in the mean salaries of lectures and assistant professors to be the same as the difference in the mean salaries  of associate professors and full professors.


To meet their objective, the administration should fit the following model:


E(y) = (0 + (1x1 + (2x2 + (3x3 where



x1 = 
[image: image40.wmf]î

í

ì

not

 

if

 

0

lecturer

 

if

 

1



x2 = 
[image: image41.wmf]î

í

ì

not

 

if

 

0

professor

assistant 

 

if

 

1
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5.26
a.
E(y) = (0 + (1x1 + (2x3 + (3x1x3 + 
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b.
E(y) = (0 + (1x1 + (2x3 + (3x1x3 + 
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c.
E(y) = (0 + (1x1 + (2x3 + (3x1x3 + 
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+ (7x1x2 + (8x3x2 + (9x1x3x2 + 
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d.
This will happen when  (8, (9 and (11 are all 0.


e.
This will happen when (5, (8, (9, and (11 are all 0.


f.
This will happen when (6 ( (11 are all 0.

5.28
a.
E(y) = (0 + (1x1 + 
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b.
For non-coached students:  x2 = 0



E(y) = (0 + (1x1 + 
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y-intercept:  (0


shift parameter: (1


rate of curvature:  (2

c.
For coached students:  x2 = 1



E(y) = (0 + (1x1 + 
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        = ((0 + (3) + ((1 + (4)x1 + 
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y-intercept:  (0 + (3


shift parameter:  ((1 + (4)



rate of curvature:  ((2 + (5)


d.
To determine if coaching has an effect on SAT-Math, we test:



H0:  (3 = (4 = (5 = 0



Ha:  At least one (i ( 0

5.30
a.
E(y) = (0 + (1x1 + (2x2 + (3x3 (no interaction)


b.
E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x1x2 + (5x1x3

c.
TDS-3A waste:
(1 + (4


FW waste:
(1 + (5


AL waste:
(1

d.
To test for the presence of temperature-waste type interaction, test if the interaction terms are needed in the model.



H0:  (4 = (5 = 0



Ha:  At least one ( ((4 or (5) is not 0



To perform this test, we would first fit the complete model (model given in (b)) and then fit the reduced model (model given in part (a)).  By comparing the two models, we could decide whether to reject H0 or not.

5.32
a.
E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x4 + (5x5 + (6x6

b.
(6 is the amount of increase or decrease in the mean market concentration, E(y), for every one unit increase in foreign share, holding all other independent variables, x1-x5, fixed.


c.
It was found that multinational presence has a positive influence on market concentration.  We expect (6 to be positive.


d.
E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x4 + (5x5 + (6x6 + (7x1x2 + (8x1x3 + (9x1x4




+ (10x1x5 + (11x1x6 + (12x2x3 + (13x2x4 + (14x2x5 + (15x2x6 + (16x3x4




+ (17x3x5 + (18x3x6 + (19x4x5 + (20x4x6 + (21x5x6 


e.
We should conduct a partial F test on all the ( parameters involving (6 in an interaction term.




H0:  (11 = (15 = (18 = (20 = (21 = 0




Ha:  At least one (i ( 0

5.34
a.
Let 
y = GPA




x = quantitative GMAT score



x2 = verbal GMAT score



x3 = 
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E(y) = (0 + (1x1 + (2x2 + (3x1x2 + 
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+ 
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b.
E(y) = (0 + (1x1 + (2x2 + (3x1x2 + 
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c.
E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x4 + (5x1x3 + (6x1x4 + (7x2x3 + (8x2x4
5.36
a.
E(y) = (0 + (1x1 + 
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b.
Since there are only there levels (12, 24, and 36) of the independent variable, a cubic model could not be fit. 


c.
E(y) = (0 + (1x1 + 
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where x2 = 
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  ADVANCE \L 1.40x3 = 
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5.40
a.
Let x2 = 
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The first-order, main effects model would be:




E(y) = (0 + (1x1 + (2x2 + (3x3

b.
(0 = y-intercept for method R2


(1 = change in mean estimated shelf life for each unit change in drug potency, with




ADVANCE \R 2.15method held constant



(2 = difference in estimated shelf life between methods G and R2


(3 = difference in estimated shelf life between methods R1 and R2

c.
The model allowing the slopes to differ is:




E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x1x2 + (5x1x3

d.
For method G, the slope of the line is (1 + (4.



For method R1, the slope of the line is (1 + (2.



For method R2, the slope of the line is (1.

5.42
a.
The coded variables become:

	PRIVATE 
u1
	u2
	y
	u1
	u2
	y
	u1
	u2
	y

	(1.20
	(1.20
	50.8
	0
	(1.20
	63.4
	1.20
	(1.20
	46.6

	(1.20
	(1.20
	50.7
	0
	(1.20
	61.6
	1.20
	(1.20
	49.1

	(1.20
	(1.20
	49.4
	0
	(1.20
	63.4
	1.20
	(1.20
	46.4

	(1.20
	0
	93.7
	0
	0
	93.8
	1.20
	0
	69.8

	(1.20
	0
	90.9
	0
	0
	92.1
	1.20
	0
	72.5

	(1.20
	0
	90.9
	0
	0
	97.4
	1.20
	0
	73.2

	(1.20
	1.20
	74.5
	0
	1.20
	70.9
	1.20
	1.20
	38.7

	(1.20
	1.20
	73.0
	0
	1.20
	68.8
	1.20
	1.20
	42.5

	(1.20
	1.20
	71.2
	0
	1.20
	71.3
	1.20
	1.20
	41.4



b.
Let x1 = x1 and x2 = 
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Then, r = 
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Let u1 = u1 and u2 =
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c.
Let x1 = x2 and x2 =
[image: image85.wmf]2

2

x

.  We first calculate:




[image: image86.wmf]å

1

x

= 1485




[image: image87.wmf]å

2

x

= 82,125




[image: image88.wmf]å

2

1

x

= 82,125




[image: image89.wmf]1

1

SS

x

x

= 450




[image: image90.wmf]å

2

2

x

= 255,245,630



[image: image91.wmf]2

2

SS

x

x

= 5,448,755




[image: image92.wmf]å

2

1

x

x

= 4,566,375



[image: image93.wmf]2

1

SS

x

x

= 49,500



Then, r = 
[image: image94.wmf])

755

,

448

,

5

(

450

500

,

49

SS

SS

SS

2

2

1

1

2

1

=

x

x

x

x

x

x

 = .9996554



Let u1 = u2 and u2 =
[image: image95.wmf]2

2

u

  We first calculate:




[image: image96.wmf]å

1

u

= 0




[image: image97.wmf]å

2

u

= 25.92




[image: image98.wmf]å

2

1

u

= 25.92



[image: image99.wmf]1

1

SS

u

u

= 25.92




[image: image100.wmf]å

2

2

u

= 37.3248


[image: image101.wmf]2

2

SS

u

u

= 12.4416




[image: image102.wmf]å

2

1

u

u

= 0



[image: image103.wmf]2

1

SS

u

u

= 0



Then r = 
[image: image104.wmf])

4416

.

12

(

92

.

25

0

SS

SS

SS

2

2

1

1

2

1

=

u

u

u

u

u

u

 = 0

Chapter


5






































84

Chapter 5
Model Building

83

_1109683224.unknown

_1109735636.unknown

_1109736379.unknown

_1109736612.unknown

_1109736617.unknown

_1109736690.unknown

_1111226595.unknown

_1111226678.unknown

_1177745230.unknown

_1111226650.unknown

_1109736713.unknown

_1109736750.unknown

_1109736833.unknown

_1109736724.unknown

_1109736700.unknown

_1109736669.unknown

_1109736680.unknown

_1109736626.unknown

_1109736489.unknown

_1109736511.unknown

_1109736535.unknown

_1109736546.unknown

_1109736565.unknown

_1109736520.unknown

_1109736499.unknown

_1109736460.unknown

_1109736484.unknown

_1109736412.unknown

_1109736243.unknown

_1109736284.unknown

_1109736318.unknown

_1109736326.unknown

_1109736296.unknown

_1109736259.unknown

_1109736271.unknown

_1109736251.unknown

_1109735723.unknown

_1109736058.unknown

_1109736236.unknown

_1109735813.unknown

_1109735673.unknown

_1109735702.unknown

_1109735654.unknown

_1109734790.unknown

_1109734978.unknown

_1109735131.unknown

_1109735156.unknown

_1109735033.unknown

_1109734896.unknown

_1109734960.unknown

_1109734848.unknown

_1109683715.unknown

_1109684126.unknown

_1109685261.unknown

_1109685322.unknown

_1109685372.unknown

_1109685197.unknown

_1109683836.unknown

_1109684107.unknown

_1109683746.unknown

_1109683393.unknown

_1109683517.unknown

_1109683276.unknown

_1109674172.unknown

_1109674329.unknown

_1109682981.unknown

_1109683166.unknown

_1109683202.unknown

_1109683000.unknown

_1109674412.unknown

_1109682939.unknown

_1109674372.unknown

_1109674279.unknown

_1109674312.unknown

_1109674319.unknown

_1109674291.unknown

_1109674259.unknown

_1109674268.unknown

_1109674247.unknown

_1109674032.unknown

_1109674098.unknown

_1109674126.unknown

_1109674137.unknown

_1109674109.unknown

_1109674048.unknown

_1109674085.unknown

_1109674039.unknown

_1109673913.unknown

_1109673928.unknown

_1109673987.unknown

_1109673921.unknown

_1109673658.unknown

_1109673686.unknown

_1109673629.unknown

