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Model Building
5.1
Winning time is a quantitative variable as it can be measured on a numerical scale.  Year of race is a quantitative variable as it can be measured on a numerical scale.  Gender is a qualitative variable as the responses (male and female) fall into one of two categories.

5.3
a.
Since the variable state of birth is measured on a nonnumerical scale, it is qualitative.  Examples of state of birth are Florida, Ohio, etc.


b.
Since the variable age is measured using a numerical scale, it is quantitative.  Examples of ages are 15 years, 25 years, etc.


c.
Since the variable education level is measured on a nonnumerical scale, it is qualitative.  Examples of education level are high school graduate, college graduate, etc.


d.
Since the variable tenure with firm is measured using a numerical scale, it is quantitative.  We assume that tenure with a firm is the number of years of service.  Examples of tenure with a firm are 15 years, 25 years, etc.


e.
Since the variable total compensation is measured using a numerical scale, it is quantitative.  Examples of total compensation are $45,000, $57,843, etc.


f.
Since the variable area of expertise is measured on a nonnumerical scale, it is qualitative.  Examples of areas of expertise are statistics, accounting, etc. 

5.5
The assumption of a normal distribution prohibits the use of a qualitative dependent variable.

5.7
E(y) = (0 + (1x + (2x2 + (3x3
5.9
The management is advocating a second-order model relating y, assembly time, to x, time since lunch:
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E(y) = (0 + (1x + (2x2

Furthermore, the average assembly time is expected to decrease for small values of x and then gradually increase as x gets larger.  Hence, we expect (2 to be positive and the general shape of the model to look like this:

5.11
For x1 = 1:


For x2 = 10: 
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= 1 + .05(1) + .05(1)(10) = 1.55


      ADVANCE \R 1.40x2 = 50: eq \O() 
[image: image2.wmf]y
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= 1 + .05(1) + .05(1)(50) = 3.55


For x1 = 5:


For x2 = 10: 
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= 1 + .05(5) + .05(5)(10) = 3.75


For x2 = 50: eq \O() 
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= 1 + .05(5) + .05(5)(50) = 13.75


For x = 10:


For x2 = 10: 
[image: image5.wmf]y
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= 1 + .05(10) + .05(10)(10) = 6.50


For x2 = 50: eq \O() 
[image: image6.wmf]y
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= 1 + .05(10) + .05(10)(50) = 26.50
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This agrees with our graph in Exercise 5.10, part (c).

5.13
a.
The complete second-order model is:




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

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

d.
For fixed x2, the slope becomes (1 + (3x2.


e.
For fixed x1, the slope becomes (2 + (3x1.

5.15
a.
The complete second-order model would be 
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b.
Statistix was used to fit the model and the results are shown below:

UNWEIGHTED LEAST SQUARES LINEAR REGRESSION OF Y  

PREDICTOR

VARIABLES    COEFFICIENT    STD ERROR     STUDENT'S T       P       VIF

---------    -----------    ---------     -----------    ------    -----

CONSTANT        10283.2       2335.57         4.40       0.0005

X1              276.757       147.033         1.88       0.0793  12343.4

X1SQ            0.98954       4.30238         0.23       0.8212    539.7

X2              3325.19       476.535         6.98       0.0000  31348.4

X2SQ            266.556       24.8403        10.73       0.0000  64817.0

X4              1301.31       115.216        11.29       0.0000  15142.7

X4SQ            40.2165       2.42805        16.56       0.0000  10478.9

X1X2            41.9776       14.3265         2.93       0.0103  25773.5

X1X4            15.9808       4.23728         3.77       0.0018   4923.1

X2X4            207.379       11.8279        17.53       0.0000  58104.1

R-SQUARED           0.9973      RESID. MEAN SQUARE (MSE)    9.74176

ADJUSTED R-SQUARED  0.9957      STANDARD DEVIATION          3.12118

SOURCE        DF       SS           MS         F        P

----------   ---   ----------   ----------   -----   ------

REGRESSION     9     53769.3      5974.37   613.27   0.0000

RESIDUAL      15     146.126      9.74176

TOTAL         24     53915.4

CASES INCLUDED 25   MISSING CASES 0

The least squares regression model is: 
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To determine if the model is useful for predicting y, we test: 
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The test statistic is F = 613.27



The p-value is p = .0000.



At ( = .01, H0 is rejected. There is sufficient evidence to indicate the model is statistically useful for predicting y.

c.
To determine if any of the curvilinear terms in the model are useful predictors of y, we test:
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Statistix was used to conduct the test and the results are shown below:

BEST SUBSET REGRESSION MODELS FOR Y  

FORCED INDEPENDENT VARIABLES: (A)X1 (B)X1X2 (C)X1X4 (D)X2 (E)X2X4 (F)X4 

UNFORCED INDEPENDENT VARIABLES: (G)X1SQ (H)X2SQ (I)X4SQ 

3 "BEST" MODELS FROM EACH SUBSET SIZE LISTED.

 
       ADJUSTED

 P     CP    R SQUARE   R SQUARE    RESID SS    F     P(F)    MODEL VARIABLES

--   -----   --------   --------   ---------  -----  ------   ---------------

 7   329.3    0.9180     0.9385      3314.95                  A B C D E F

 8   121.5    0.9667     0.9764      1271.01  27.34  0.0001   A B C D E F I

 8   292.3    0.9231     0.9456      2934.95   2.20  0.1562   A B C D E F H

 8   320.4    0.9160     0.9405      3208.52   0.56  0.4630   A B C D E F G

 9     8.1    0.9959     0.9973      146.642 172.85  0.0000   A B C D E F H I

 9   123.1    0.9647     0.9765      1267.88  12.92  0.0005   A B C D E F G I

 9   282.3    0.9216     0.9477      2818.70   1.41  0.2733   A B C D E F G H

10    10.0    0.9957     0.9973      146.126 108.43  0.0000   A B C D E F G H I

CASES INCLUDED 25   MISSING CASES 0

The test statistic is F = 108.43

The p-value is p = .0000

At ( = .01, H0 is rejected. There is sufficient evidence to indicate that at least one of the curvilinear terms in the model is statistically useful for predicting y.

5.17
a.
We use the following summary information to calculate the eq \O() 
[image: image13.wmf]x

 and sx for the sample of x values:



n = 8, 
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Then, eq \O() 
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Using the coding system for observational data, we have u = 
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c.
Let x1 = x and x2 = x2.  We first calculate:




[image: image19.wmf]å

1

x

= 680.8




[image: image20.wmf]å

2

x

= 59,472.24




[image: image21.wmf]å

2

1

x

= 59,472.24



[image: image22.wmf]1

1

SS

x

x

 = 1,536.16




[image: image23.wmf]å

2

2

x

= 490,001,910.69


[image: image24.wmf]2

2

SS

x

x

= 47,883,494




[image: image25.wmf]å

2

1

x

x

= 5,331,419.5


[image: image26.wmf]2

1

SS

x

x

= 270,331.88



Then, r = 
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d.
Let u1 = u and u2 = u2.  We first calculate:
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Then, r = 
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e.
Using MINITAB, the fitted model is eq \O() 
[image: image37.wmf]y
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 = 110.953 + 14.377u + 7.425u2.

5.19
a.
E(y) = (0 + (1x1 + (2x2 + (3x3


where x1 = 
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x2 = 
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x3 = 
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b.
(0 = (4 

mean emotional stress of level 4



(1 = (1 ( (4
difference in mean emotional stress between level 1 and level 4



(2 = (2 ( (4
difference in mean emotional stress between level 2 and level 4



(3 = (3 ( (4
difference in mean emotional stress between level 3 and level 4


c.
To test for differences among emotional stress means for the 4 social support levels, we test:




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




Ha:  At levels one (i ( 0

5.21
a.
For males x5 = 0 and the model is:




E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x4

b.
(1 = difference in mean starting salaries between graduating seniors in Business Administration and Nursing, (BA ( (N

c.
(2 = difference in mean starting salaries between graduating seniors in Engineering and Nursing, (E ( (N

d.
(3 = difference in mean starting salaries between graduating seniors in Liberal Arts and Sciences and Nursing, (LAS ( (N

e.
(4 = difference in mean starting salaries between graduating seniors in Journalism and Nursing, (J ( (N

f.
For females x5 = 1 and the model is:




E(y) = ((0 + (5) + (1x1 + (2x2 + (3x3 + (4x4 


g.
(1 = difference in mean starting salaries between males in Business Administration and males in Nursing, (BA ( (N.  This is the same as in part (b).


h.
 (2 = difference in mean starting salaries between males in Engineering and males in Nursing, (E ( (N.  This is the same as in part (c).


i.
(3 = difference in mean starting salaries between males in Liberal Arts and Sciences and males in Nursing, (LAS ( (N.  This is the same as in part (d).


j.
(4 = difference in mean starting salaries between males in Journalism and males in Nursing, (J ( (N.  This is the same as in part (e).


k.
For a given college, (5 is the difference in mean starting salary between females and males, (F -(M.


l.
To determine if gender has an effect on average starting salary, we test:




H0:  (5 = 0




Ha:  (5 ( 0



The test statistic is t = (2.72.



The p-value is p =  .0066.



Since ( = .01 > p = .0066, H0 is rejected.  There is sufficient evidence to indicate that gender has an effect on average starting salary.

5.23
a.
E(y) = (0 + (1x1 + (2x2 + (3x3



where
x1 = 
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x2 = 
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x3 = 
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b.
(0 = mean height of all girls in the oldest tertile



(1 = (B ( (G = difference in the mean heights of girls and boys



(2 = (Y ( (O = difference in the mean heights of the youngest and oldest tertiles



(3 = (M ( (O = difference in the mean heights of the middle and oldest tertiles


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

d.

[image: image44.wmf]0
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e.
To determine if the difference between the mean standardized heights of boys and girls is the same across all three age tertiles, we test:




H0:  (4 = (5 = 0




Ha:  At least one (i ( 0

5.25
a.
E(y) = (0 + (1x1 + (2x2

where x2 = 
[image: image50.wmf]î

í

ì

female

 

if

  

0

male

 

if

  

1



b.
(0 is the expected winning female time in 1880



(1:
For each additional increase in one year we expect the winning time to increase 





by (1, holding gender constant



(2 = (M ( (F ( the difference in the mean winning times between males and females


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


[image: image51.png]E(y)
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5.27
a.
To determine if brake power and fuel type interact, we test:




H0:  (4 = (5 = 0




Ha:  At least one (4 or (5 is different from 0



Test statistic: 
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Rejection region:  ( = .01, v1 = k ( g = 2, v2 = n ( (k + 1) = 8, F.01 = 8.65






   Reject H0 if F > 8.65



Conclusion:  Reject H0 at ( = .01.  There is sufficient evidence to indicate that brake power and fuel type interact to affect mass burning rate.


b.
For fuel type advanced timing:  x2 = 0 and x3 = 0




E(y) = (0 + (1x1 + (2(0) + (3(0) + (4x1(0) + (5x1(0) 




        ADVANCE \R 0.70= (0 + (1x1 




The slope of the y ( x1 line is (1.  The estimate of the slope is [image: image53.wmf]1

ˆ

b

 = 7.815.



For fuel type DF-2:  x2 = 1 and x3 = 0




E(y) = (0 + (1x1 + (2(1) + (3(0) + (4x1(1) + (5x1(0) 




        ADVANCE \R 0.70= ((0 + (2) + ((1 +  (4)x1




The slope of the y ( x1 line is (1 + (4.  The estimate of the slope is [image: image54.wmf]1

ˆ

b

 + eq \O() 
[image: image55.wmf]4
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For fuel type Blended:  x2 = 0 and x3 = 1




E(y) = (0 + (1x1 + (2(0) + (3(1) + (4x1(0) + (5x1(1) 



      ADVANCE \R 0.70  = ((0 + (3) + ((1 + (5)x1




The slope of the y ( x1 line is (1 + (5.  The estimate of the slope is 
[image: image56.wmf]1
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 + eq \O() 
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7.815 ( 2.950 = 4.865.

5.29
a. 
The first-order model is E(y) = (0 + (1x1 + (2x2 + (3x1x2.

  
b.
The graphs will vary.  However, for each value of slope face, the slopes of the straight-line relationship between mean lead level and elevation will vary.  The lines will not be parallel.  The line for slope face = west will have a slope equal to (2.  The line for slope face = East will have a slope equal to (2 + (3.


c.
For slope face = East, the slope of the line is (2 + (3.  Thus, for each foot increase in elevation, the mean lead level will increase by (2 + (3.


d.
Using SAS, the results of the analysis are:

The REG Procedure

                                Model: MODEL1

                          Dependent Variable: LEAD

                             Analysis of Variance

                                    Sum of           Mean

Source                   DF        Squares         Square    F Value    Pr > F

Model                     3       20.23864        6.74621       0.26    0.8567

Error                    66     1738.08227       26.33458

Corrected Total          69     1758.32091

             Root MSE              5.13172    R-Square     0.0115

             Dependent Mean        6.83994    Adj R-Sq    -0.0334

             Coeff Var            75.02582

                             Parameter Estimates

                          Parameter       Standard

     Variable     DF       Estimate          Error    t Value    Pr > |t|

     Intercept     1        2.38487        5.39314       0.44      0.6598

     ELEVAT        1        0.00181        0.00214       0.84      0.4014

     SLOPE         1        3.20146        7.66988       0.42      0.6777

     ES            1       -0.00133        0.00303      -0.44      0.6629



To determine if the overall model is useful for predicting lead level, we test:



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



Ha:  At least one  (i ( 0, i = 1, 2, 3



From the printout, the test statistic is F = .26 and the p-value is p = .8567.  Since the p-value is greater than ( (p = .8567 > .10), H0 is not rejected.  There is insufficient evidence to indicate that the overall model is useful for predicting lead level at ( = .10.

5.31
a.
Age represents a quantitative variable ranging from a low value of perhaps 16 to a high of 70.


b.
Years in therapy can range between say 0 and 80.  This is a quantitative independent variable.


c.
Highest educational degree would probably be broken down into five levels:  none, high school diploma, bachelor's degree, master's degree, or doctorate.  These categories are indicative of a qualitative variable.


d.
Job classification is categorical in nature and therefore a qualitative independent variable.  Some possible "levels" are laborer, foreman, secretary, administrative assistant, manager, vice president, etc.


e.
It is impossible to assign numerical values to classifications such as:  single, married, divorced, widowed, separated, other.  Thus, marital status is a qualitative variable.


f.
Religious preference is also qualitative.  Four possible levels are:  Protestant, Catholic, Jewish, other.


g.
IQ is considered a quantitative variable with a wide range of values from 0 to 175 or more.


h.
Sex is a qualitative variable with the two levels male and female.

5.33
E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x1x2 + (5x1x3


where
y = finish time



x1 ADVANCE \R 1.40= number of jobs





x2 =
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x3 = 
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b.
To test whether the model is useful, we test:




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




Ha:  At least one (i ( 0



The test statistic is F = 40.90.



The p-value = .0394.



For ( = .05, we reject H0 (since ( > p-value) and conclude the model is useful in predicting finish time.


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


d.
To test the interaction terms, we test:




H0:  (4 = (5 = 0




Ha:  At least one (i ( 0



The test statistic is F = 
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Rejection region:  
( = .05, v1 = 2, v2 = 6, F.05 = 5.14







Reject H0 if F > 5.14



Conclusion:  Do not reject H0.  There is insufficient evidence to indicate the interaction terms are useful at ( = .05.

5.35
a.
The two independent variables, packaging and location, are qualitative.  The two types of packaging generate one term in the model, while the four locations induce three terms.  A main effect model is:




E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x4


where

x1 = 
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x3 = 
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x2 = 
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x4 = 
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This model assumes that Packaging and Location affect total sales independently.


b.
If the previous assumption is incorrect and Packaging and Location do interact, then a more appropriate model is:




E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x4 + (5x1x2 + (6x1x3 + (7x1x4


There are eight parameters in this model.  There are also a total of eight Packaging-Location combinations, which permits an estimate of E(y) for each combination.


c.
H0:  (5 = (6 = (7 = 0



Ha:  At least one of (5 or (6 or (7 is different from 0



Test statistic: F = 
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Rejection region:  ( = .05, v1 = k ( g = 3, v2 = n ( (k + 1) = 32, F.05 ( 2.92






   Reject H0 if F > 2.92



Conclusion:  Do not reject H0 at ( = .05.  There is insufficient evidence to indicate that the interaction between location and packaging is important in estimating mean weekly sales.



This implies that the company can choose the location and packaging type independently of each other.  The choice of packaging type does not depend on location.

5.37
a.
The main effects model is:




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


where
x1 = employee's years of education   x2 = 
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b.
To include "sheepskin screening," we need to include an interaction term:




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

c.
The complete second-order model is:
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E(y) = (0 + (1x1 + 
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5.39
a.
Since the model includes both interaction and curvature, we envision two response curves, one for each level of the qualitative variable x2, mode of transportation (rail or truck).  The curves have different shapes due to the interaction between distance x1 and mode x2.


b.
The coefficients of the terms involving 
[image: image69.wmf]2
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 eq \O() are (2 and (5.  Thus, to determine if curvature is present in the relationship between the mean delivery time and distance, we would test:




H0:  (2 = (5 = 0




Ha:  At least one of the coefficients of (2 and (5 is nonzero


c.
For a fixed distance, x1, the mean delivery time by rail is:




E(y) = ((0 + (3) + ((1 + (4)x1 + ((2 + (5)
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The mean delivery time by truck is:




E(y) = (0 + (1x1 + 
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If the mean delivery times are to be identical, then (3 and (4, and (5 must all equal zero.  Therefore, we would test:




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




Ha:  At least one of the coefficients, (3, (4, and (5, is nonzero

5.41
a.
Consider the model:




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


where




x1 = 
[image: image72.wmf]î

í

ì

not

 

if

  

0

moderate

 

is

ion 

concentrat

market 

 

if

  

1





x2 = 
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b.
Let (ij be the mean excess capacity for market concentration i(i = 1 (low), 2 (moderate), 3(high)) and industry type j(j = 1 (producer), 2 (consumer)).  Then,




(0 = (11

(mean excess capacity for market concentration and producer type industry)




(1 = (2j ( (1j
(difference in mean weekly sales between moderate and low market concentration for any level of industry type, j = 1, 2)




(2 = (3j ( (1j
(difference in mean weekly sales between consumer and low market concentration for any level of industry type, j = 1, 2)




(3 = (i2 ( (i1
(difference in mean weekly sales between consumer and producer industry types for any level of market concentration, i = 1, 2, 3)


c.
E(y) = (0 + (1x1 + (2x2 + (3x3 + (4x1x3 + (5x2x3 where x1, x2, and x3 are defined as in (a).


d.
Using the same notation as in (b), then




(0 = (11



(1 = (21 -(11

(difference in mean weekly sales between moderate and low market concentration for producer type industries)




(2 = (31 -(11

(difference in mean weekly sales between high and low market concentration for producer type industries)




(3 = (12 -(11

(difference in mean weekly sales between consumer and producer industries for low market concentration)




(4 = ((22 -(12) -((21 -(11)








(difference between the difference in mean weekly sales for moderate and low market concentrations for consumer type industries and producer type industries)




(5 = ((32 -(12) -((31 -(11)








(difference between the difference in mean weekly sales for high and low market concentrations for consumer type industries and producer type industries)


e.
Test H0: (4 = (5 = 0 using a partial F test.

5.43
a.
The first order model would be:




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



where x1  and x2 are quantitative and x3 is a qualitative variable.


b.
The rate of change in log odds ratio based on craft occupation inclusion is given by (3.  Then, to test if the mean log odds ratio is smaller for craft occupations than for noncraft occupations, test H0:  (3 = 0 versus Ha: (3 < 0 using a t test. 


c.
The complete second-order model is:



E(y) = (0 + (1x1 + (2x2 + (3x1x2 + 
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d.
We wish to see if the coefficients of x1 are zero, so test:




H0: (1 = (3 = (4 = (7 = (9 = (10 = 0 using a partial F test.


e.
A possible set of contour lines might look like:



where x2,0, x2,1, x2,2 are specific values of x2
Chapter
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