STAT 2509  Exam Review Problems 1PRIVATE 

REMINDER:  On the final exam


1.
Word problems must be answered in words of the problem.

2.
"Test"  means that you must carry out a formal hypothesis testing procedure with H0, Ha, test stat., critical region, calculated value of test stat., and conclusion.


3.
"Answer in terms of calculated test stat. and its p-value"  means you must actually give the numerical values of this test -stat and p-value.


4.
"Find all examples (indications ) of ... in output"  means you must give the actual numerical values that illustrate your answer.


5.
Don't forget to state assumptions where necessary.

________________________________________________________________________________________

1.
The job placement centre at a large University would like to predict the starting salary (given in $000) for graduates in science.  Two variables are to be used.  X1  represents the student's GPA, and  X2  represents the number of years of prior job-related experience.  The following data was obtained on a sample of graduating students.  
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a)
Give the model assumed including the assumptions necessary for estimation and prediction.


b)
Construct the ANOVA table.


c)
At the 5% level of signifcance is there a linear relationship between starting salary and the two explanatory variables?


d)
What proportion of the total variation of starting salary about its mean is accounted for by the regression on GPA and job-related experience?


e)
Test whether  GPA makes a significant contribution to a model with  years of job-related experience in it.  Use  α = 0.05.


f)
Find the correlation coefficient between  X1  and  X2.


g)
Would it be reasonable to say that it is estimated that the average starting salary increases by 6.5138 ($000) with an increase of  1  in GPA?  Why?

2.
a)
What departures from a linear regression model can be studied from a plot of the residuals against the predicted values?  What departures can be studied from a histogram of the residuals?


b)
Draw an example residual plot (ei vs 
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) for each of the following cases:



i)
error variance decreases with 
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ii)
the true regression function is 
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 shaped but a SLR function is fitted.

3.
Computel operates 3 computers at different locations.  The computers are identical in make and model but are subject to different degrees of voltage fluctuation in the power lines serving the respective installations.  It is desired to test whether the average length of operating time between failures is the same for the 3 computers.  It is believed that time between failures follows either an exponential or a Weibull distribution.  The data obtained are shown below.  


Computer

Operating time between failures (in hours)

    A


105
 93
 90
217
 22


    B


 85
 43
  1
 37
 14


    C


183
144
219
 86
 39 
 



Use an appropriate test to determine  whether there is sufficient evidence to conclude, at the 5% level of significance, that average length of operating time differs for the  3  computers.

4.
In an experiment to compare the effectiveness of three different types of linoleum adhesive, each adhesive was tested on each of 10 different surfaces.  The measures of "adhesiveness" obtained are given below.  Larger numbers indicate greater adhesiveness.


Surface
Adhesive 1

Adhesive 2

Adhesive 3

Totals

   1


68


72


65

  205


   2


40


43


42

  125


   3


82


89


84

  255


   4


56


60


50

  166


   5


70


75


68

  213


   6


80


91


86

  257


   7


47


58


50

  155


   8


55


68


52

  175


   9


78


77


75

  230


  10


53


65


60

  178


Totals


629
     

698
     

632

 1959


Use the partial SAS output shown below to help you answer the following questions.


a)
Fill in the blanks in the ANOVA table.


b)
Test whether there is a difference in the average adhesive measures for the different types of adhesive.  Use  α = .05.  


c)
If appropriate, determine which types of adhesive differ.  Use  α = .05


d)
Which multiple comparison were you using in part (c)?  

                                   The SAS System                                   1

                                 The ANOVA Procedure

                               Class Level Information

                    Class         Levels    Values

                    surface            3    1 2 3

                    adhesive          10    1 2 3 4 5 6 7 8 9 10

                            Number of observations    30

                                  The SAS System                                   2

                                 The ANOVA Procedure

Dependent Variable: measure

                                         Sum of

 Source                      DF         Squares     Mean Square    F Value    Pr > F

 Model                       11     6009.166667      546.287879      56.15    <.0001

 Error                       18      175.133333        9.729630

 Corrected Total             29     6184.300000

                R-Square     Coeff Var      Root MSE    measure Mean

                0.971681      4.776777      3.119235        65.30000

 Source                      DF        Anova SS     Mean Square    F Value    Pr > F

 adhesive                     9     5704.966667      633.885185      65.15    <.0001

 surface                      2      304.200000      152.100000      15.63    0.0001

                             The SAS System                             3

                           The ANOVA Procedure

                  Bonferroni (Dunn) t Tests for measure

 NOTE: This test controls the Type I experimentwise error rate, but it

generally has a higher Type II error rate than Tukey's for all pairwise

                              comparisons.

                 Alpha                              0.05

                 Error Degrees of Freedom             

                 Error Mean Square               

                 Critical Value of t             

                 Minimum Significant Difference   

     Comparisons significant at the 0.05 level are indicated by

                           Difference      Simultaneous

             adhesive         Between     95% Confidence

            Comparison          Means         Limits

            A2   ‑ A3           6.600      2.918  10.282  

            A2   ‑ A1           6.900      3.218  10.582  

            A3   ‑ A2          ‑6.600    ‑10.282  ‑2.918  

            A3   ‑ A1           0.300     ‑3.382   3.982

            A1   ‑ A2          ‑6.900    ‑10.582  ‑3.218  

            A1   ‑ A3          ‑0.300     ‑3.982   3.382

5.
A local real estate association in a metropolitan area would like to develop an equation to predict the selling price of a single-family house  based on the number of rooms (X1), and the neighbourhood (X2).  The postulated model was
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where 
X2 =
0
if neighbourhood 
A


X3 = X1*X2



1
if neighbourhood 
B  


The SAS output is given below.  Assuming there are no obvious assumption violations:


a)
Write the separate models for each neighbourhood.


b)
Write the separate fitted equations for each neighbourhood.


c)
Test whether the two lines are coincident (the same).  Use  α = .05.  You do NOT have to state assumptions.


d)
Test whether the two lines have the same slopes.  Use  α = .05.  Would you reject  H0  at  α = .001?  Why or why not?


e)
Find the simple linear regression equation to predict selling price based on neighbourhood. 

                               The SAS System

Model: MODEL1

                       Model Crossproducts X'X X'Y Y'Y

X'X           INTERCEP         ROOMS          NBHD            X3         PRICE

INTERCEP            20           179            10            93        2251.9

ROOMS              179          1661            93           897       20742.4

NBHD                10            93            10            93        1221.7

X3                  93           897            93           897       11686.7

PRICE           2251.9       20742.4        1221.7       11686.7     261206.41

Dependent Variable: PRICE

                             Analysis of Variance

                                Sum of         Mean

       Source          DF      Squares       Square      F Value       Prob>F

       Model            3   6695.98884   2231.99628       37.288       0.0001

       Error           16    957.74066     59.85879

       C Total         19   7653.72950

           Root MSE       7.73685     R‑square       0.8749

           Dep Mean     112.59500     Adj R‑sq       0.8514

           C.V.           6.87139

                             Parameter Estimates

                      Parameter      Standard    T for H0:

     Variable  DF      Estimate         Error   Parameter=0    Prob > |T|

     INTERCEP   1     33.945082   13.69038740         2.479        0.0247

     ROOMS      1      8.031967    1.56627876         5.128        0.0001

     NBHD       1     ‑5.902091   18.83336576        ‑0.313        0.7580

     X3         1      2.089217    2.07797714         1.005        0.3297

Model: MODEL2

Dependent Variable: PRICE

                             Analysis of Variance

                                Sum of         Mean

       Source          DF      Squares       Square      F Value       Prob>F

       Model            2   6635.48076   3317.74038       55.391       0.0001

       Error           17   1018.24874     59.89698

       C Total         19   7653.72950

           Root MSE       7.73931     R‑square       0.8670

           Dep Mean     112.59500     Adj R‑sq       0.8513

           C.V.           6.87359

                             Parameter Estimates

                      Parameter      Standard    T for H0:

     Variable  DF      Estimate         Error   Parameter=0    Prob > |T|

     INTERCEP   1     23.737133    9.18675358         2.584        0.0193

     ROOMS      1      9.218938    1.02962305         8.954        0.0001

     NBHD       1     12.696743    3.53537232         3.591        0.0023

Model: MODEL3

Dependent Variable: PRICE

                             Analysis of Variance

                                Sum of         Mean

       Source          DF      Squares       Square      F Value       Prob>F

       Model            1   5862.94370   5862.94370       58.931       0.0001

       Error           18   1790.78580     99.48810

       C Total         19   7653.72950

           Root MSE       9.97437     R‑square       0.7660

           Dep Mean     112.59500     Adj R‑sq       0.7530

           C.V.           8.85863

                             Parameter Estimates

                      Parameter      Standard    T for H0:

     Variable  DF      Estimate         Error   Parameter=0    Prob > |T|

     INTERCEP   1     23.338677   11.83895807         1.971        0.0643

     ROOMS      1      9.972774    1.29910323         7.677        0.0001

6.
In an experiment to compare the cost of a given basket of goods in four different cities, random samples of 10  supermarkets were selected in each of the  4  cities.  The results obtained are given below.




Toronto

Kingston

Ottawa

Montreal


   
68


72


65


80


  
   
40


63


42


75


   

72


89


74


88


   

56


60


50


92


   

70


75


68


93


   

60


91


76


70


   

47


58


50


62


   

55


68


52


78


   

58


77


75


86


  

53


65


60


72


Totals

579
     

718
     

612


796
| 2705


Use the partial SAS output shown below to help you answer the following questions.


a)
Fill in the gaps in the ANOVA table. 


b)
Test whether there is a difference in the average cost of a market basket in the different cities.  Use  α = .05.


c)
If appropriate, determine which cities differ.  Use the Tukey Multiple Comparison procedure with  α = .05.  


d)
Which city or cities would you say had the least expensive basket of goods on average?  Why?

data;

  input city cost@@;

  cards;

  1 68  1 40  1 72  1 56  1 70  1 60  1 47  1 55  1 58  1 53

  2 72  2 63  2 89  2 60  2 75  2 91  2 58  2 68  2 77  2 65

  3 65  3 42  3 74  3 50  3 68  3 76  3 50  3 52  3 75  3 60

  4 80  4 75  4 88  4 92  4 93  4 70  4 62  4 78  4 86  4 72

run;

proc anova;

  class city;

  model cost=city;

run;

                        Analysis of Variance Procedure

                           Class Level Information

                          Class    Levels    Values

                          CITY         4    1 2 3 4

                   Number of observations in data set = 40

                        Analysis of Variance Procedure

Dependent Variable: COST

                                    Sum of           Mean

Source                  DF         Squares         Square   F Value     Pr > F

Model                                                          8.16     0.0003

Error          

Corrected Total                7331.375000

                  R‑Square            C.V.       Root MSE         MEASURE Mean

                  0.404682        16.28204                          67.6250000

Source                  DF        Anova SS    Mean Square   F Value     Pr > F

CITY                                                           8.16     0.0003

7.
a)
The least squares regression equation   
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 = 1.5 - 3.5X1 + 7.5X2 - 150X3   gave the following results: 



F-test for
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X1

t = 0.5

p-value = .54




X2

t = 1.89
p-value = .28




X3

t = -1.29
p-value = .31



i)
Explain the reasons for these seemingly contradictory results.



ii)
If  X1  were removed from the model,  do you think the coefficients of  X2  and  X3  would still be approximately  7.5  and  -150  respectively?  Why or why not?



iii)
Would  
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,   the proportion of the total sum of squares accounted for by  X2  in a simple linear regression of  Y  on  X2?  Why? 


b)
One person claims that a response variable of interest can be adequately represented by a first order linear model containing the 2 variables  X1  and  X2.  A colleague claims that the extra 3 variables 
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  are needed. There are 85 observations, and TSS = 332.92



The fitted regression equation using all 5 variables is:
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 with  SSR = 296.30.



The fitted equation using only  X1 and X2 is: 
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  with   SSR = 287.71.



Based on these results which claim would you support?  Use  α = .05.

8.
Based on the following correlation matrix





 Y
 X1
 X2
 X3



Y
 1
 .25
 .36
 .59 




X1
.25
  1
-.54
 .22




X2
.36
-.54
  1
 .31




X3
.59
 .22
 .31
  1


a)
What is the relationship between the correlation coefficient of Y with X1 and the coefficient of determination for the SLR of Y on X1?  What are these values in this problem?


b)
Which two  X  variables are most highly correlated with  Y ?  Which 2   X variables are the most highly correlated with each other?

9.
The manager of a small engine-repair shop wants to determine whether the length of time it takes to receive special-order parts is the same for three different warehouses.  The number of days it takes to special-order a part was recorded for 22 randomly selected orders from each of the three warehouses  A, B, C.   SAS output is shown below. 

DATA PARTS;

   INPUT warehous $ time @@;

   cards;

   A 13  A 17  A 14  A 10  A 9  A 15  A 10  A 11  A 13  A 18  A 14

   A 13  A 15  A 12  A 14  A 15  A 17  A 14  A 11  A 14  A 16  A 12

   B 7  B 12  B 9  B 15  B 6  B 10  B 12  B 10  B 8  B 14  B 10

   B 6  B 9  B 13  B 11  B 9  B 13  B 10  B 11  B 16  B 10  B 9

   C 10  C 12  C 18  C 19  C 17  C 15  C 20  C 11  C 15  C 13  C 17

   C 13  C 17  C 14  C 16  C 15  C 13  C 15  C 9  C 14  C 14  C 15

RUN;

PROC CHART;

   BY warehous;

   VBAR time;

RUN;

PROC ANOVA;

  CLASS warehous;

  MODEL time = warehous;

  Means warehous/tukey cldiff;

RUN;

The SAS System                                1

--------------------------------- warehouse=A ----------------------------------

     Frequency

     8 ˆ                               *****

       ‚                               *****

     6 ˆ                               *****

       ‚                               *****

     4 ˆ                   *****       *****       *****

       ‚       *****       *****       *****       *****       *****

     2 ˆ       *****       *****       *****       *****       *****

       ‚       *****       *****       *****       *****       *****

       Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

                 10          12          14          16          18

                                   time Midpoint

The SAS System                                2

--------------------------------- warehouse=B ----------------------------------

     Frequency

       ‚                               *****

     8 ˆ                               *****

       ‚                               *****

     6 ˆ                               *****

       ‚                   *****       *****

     4 ˆ                   *****       *****

       ‚       *****       *****       *****       *****

     2 ˆ       *****       *****       *****       *****       *****

       ‚       *****       *****       *****       *****       *****

       Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

                6.25        8.75       11.25       13.75       16.25

                                   time Midpoint

                                 The SAS System                                3

--------------------------------- warehouse=C ----------------------------------

     Frequency

       ‚                               *****

     8 ˆ                               *****

       ‚                               *****

     6 ˆ                               *****

       ‚                               *****

     4 ˆ                   *****       *****       *****

       ‚       *****       *****       *****       *****

     2 ˆ       *****       *****       *****       *****       *****

       ‚       *****       *****       *****       *****       *****

       Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

                10.0        12.5        15.0        17.5        20.0

                                   time Midpoint
                                The SAS System                              11

           ‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑

  RESIDUAL |                                                                 |

         5 +       *                                    *             *      +

R          |       *                                    *             *      |

e          |       *                                    *             *      |

s        0 +       *                                    *             *      +

i          |       *                                    *             *      |

d          |       *                                    *             *      |

u       ‑5 +       *                                    *             *      +

a          |                                                                 |

l          |                                                                 |

       ‑10 +                                                                 +

           |                                                                 |

           ‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑‑‑+‑‑‑

            10.0  10.5  11.0  11.5  12.0  12.5  13.0  13.5  14.0  14.5  15.0

                         Predicted Value of TIME       PRED

                        Analysis of Variance Procedure

                           Class Level Information

                          Class    Levels    Values

                          WAREHOUS      3    A B C

                   Number of observations in data set = 66

                        Analysis of Variance Procedure

Dependent Variable: TIME

                                    Sum of           Mean

Source                  DF         Squares         Square   F Value     Pr > F

Model                          205.7272727                    15.00     0.0001

Error                          432.0454545      

Corrected Total                637.7727273

                  R‑Square            C.V.       Root MSE            TIME Mean

                  0.322571        20.35779       2.618752           12.8636364

Source                  DF        Anova SS    Mean Square   F Value     Pr > F

WAREHOUS                       205.7272727                    15.00     0.0001

                        Analysis of Variance Procedure

           Tukey's Studentized Range (HSD) Test for variable: TIME

         NOTE: This test controls the type I experimentwise error rate.

             Alpha= 0.05  Confidence= 0.95  df= 63  MSE= 6.857864

                  Critical Value of Studentized Range= 3.395

                    Minimum Significant Difference= 1.8953

      Comparisons significant at the 0.05 level are indicated by 

                            Difference      Simultaneous

              WAREHOUS         Between      95 % Confidence

             Comparison          Means           Limits    

            C    ‑ A             1.136      ‑0.759    3.032

            C    ‑ B             4.182       2.287    6.077   

            A    ‑ C            -1.136      ‑3.032    0.759

            A    ‑ B             3.045       1.150    4.941   

            B    ‑ C            -4.182      ‑6.077   ‑2.287   

            B    ‑ A            -3.045      ‑4.941   ‑1.150   


a)
Based on the histograms and residual plots shown above would you say that an ANOVA F-test was valid?  Why or why not?


b)
Fill in the missing values in the output.


c)
Test whether the average number of days to special-order a part is the same for all  3  warehouses.  Use  α = .05.


d)
If appropriate, use the results of the Tukey multiple comparison test to determine which warehouses differ in average number of days to special-order.  (You do not need to carry out a formal hypothesis test.)  Under what circumstances would carrying out such tests not be appropriate?


e)
Why are multiple comparison methods needed?  


f)
Carry out the calculations to obtain the Tukey C.I. for   μC - μA.

10.
When carrying out Bonferroni multiple comparisons on the means of  5  different populations with  α = .10,


a)
How many tests are needed to test for differences between all possible pairs of means?


b)
What are the null and alternative hypotheses being tested?  What is the formula for the critical difference?


c)
What is the significance level for each individual test?


d)
Define what is meant by the family, or overall error rate, for the tests.

11.
In order to predict monthly power usage based on house size, data was obtained and a scatter plot produced.  Based on the scatter plot it was decided to fit a quadratic model.  The data obtained is summarized below.
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a)
State the appropriate model along with the assumptions necessary for estimation and hypothesis testing.


b)
Find the least-squares fitted regression equation.


c)
Complete the following ANOVA table.

PRIVATE 
Source
d.f.
S.S.
M.S.
F

regression

10.2677



error

0.0613



total

10.329




d)
What is MSE estimating?  What does it mean when we say  MSE  is an unbiased estimator?


e)
Is there a significant linear relationship between  monthly power usage and the explanatory variables?  Use  α = 0.05.  


f)
Compute the coefficient of correlation between  X  and  Y.


g)
Find a 95% C.I. estimate for β2.  Based on this confidence interval would you conclude that the quadratic term contributed to the model?  Why or why not?

12.
In order to compare three brands of gasoline, each brand was tested in each of seven cars, driven under identical conditions.  The miles per gallon achieved by each car for each gasoline brand is given below.  Partial SAS output is also given.



Car

Gas A

Gas B

Gas C


Totals


 1

  16

  19

  23


  58



 2

  18

  22

  24


  64



 3

  17

  23

  22


  62



 4

  20

  20

  23


  63



 5

  19

  22

  25


  66



 6

  20

  21

  20


  61



 7

  18

  23

  22


  63



Totals
 
128

 150

 159


 437 

PRIVATE 
Source
df
SS
MS
F

Gas

Brand



14.53



Car



0.84



error





Total

115.238




a)
Fill in the blanks in the ANOVA table.


b)
At the .05  level of significance is there sufficient evidence to conclude that the average miles per gallon differs between the  3  brands of gas?

13.
The Director of Management Information Systems at a conglomerate must prepare his long-range forecasts for the company's 3-year budget.  In particular he must develop staffing ratios to predict the number of project leaders based on the number of programmers.  The results of a sample of the electronic data processing staffs of 10 companies within the industry are as follows:


No. of Programmers
No. of Project Leaders


15



 6



 7



 2



20



10



12



 4



16



 7



20



 8



10



 4



 9



 6



18



 7



15



 9
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a)
State the appropriate SLR model along with the assumptions necessary for estimation and hypothesis testing.


b)
Find the least-squares fitted regression line.


c)
Compute the coefficient of determination and interpret it.


d)
Assuming that it was concluded that there is a linear relationship between number of project leaders and number of programmers, find a 90% confidence interval to predict the number of managers needed at Company  XYZ if it plans to employ  14  programmers.

14.
A cost analyst for a large university would like to develop a regression model to predict library expenditures for materials and salaries (in $millions).  Three explanatory variables are available for consideration:



X1 = no. of volumes in the library (in thousands)



X2 = no. of volumes to be added in a given year (in thousands)



X3 = no. of current serials (in thousands)


A sample of 20 large research libraries was selected and the computer output on the following pages produced. 


a)
List all the indications of multicollinearity you can find in the output.


b)
Assuming that any assumption violations in MODEL 7 (the 3 variable model) are not severe enough to invalidate estimation and hypothesis tests, test whether  X1  and  X3  contribute to the prediction of library expenditures in a model that includes  X2.            Use  α = .05


c)
Which regression model would you advise the analyst to choose?  Provide a detailed explanation for your choice.

                                     SAS      

                                 Correlation

 CORR                X1                 Y                X2                X3

 X1              1.0000            0.9267            0.9463            0.9082

 Y               0.9267            1.0000            0.9188            0.8953

 X2              0.9463            0.9188            1.0000            0.8761

 X3              0.9082            0.8953            0.8761            1.0000

Model: MODEL1

Dependent Variable: Y

                             Analysis of Variance

                                Sum of         Mean

       Source          DF      Squares       Square      F Value       Prob>F

       Model            1 314544161.69 314544161.69      115.589       0.0001

       Error           19 51703289.412 2721225.7585

       C Total         20 366247451.10

           Root MSE    1649.61382     R‑square       0.8588

           Dep Mean    9462.32381     Adj R‑sq       0.8514

           C.V.          17.43350

                             Parameter Estimates

                      Parameter      Standard    T for H0:

     Variable  DF      Estimate         Error   Parameter=0    Prob > |T|

     INTERCEP   1   3266.565093  679.47370850         4.807        0.0001

     X1         1      2.314688    0.21529500        10.751        0.0001
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Model: MODEL2

Dependent Variable: Y

                             Analysis of Variance

                                Sum of         Mean

       Source          DF      Squares       Square      F Value       Prob>F

       Model            1 309158879.58 309158879.58      102.893       0.0001

       Error           19 57088571.522 3004661.6591

       C Total         20 366247451.10

           Root MSE    1733.39599     R‑square       0.8441

           Dep Mean    9462.32381     Adj R‑sq       0.8359

           C.V.          18.31892

                             Parameter Estimates

                      Parameter      Standard    T for H0:

     Variable  DF      Estimate         Error   Parameter=0    Prob > |T|

     INTERCEP   1    664.572085  946.21380579         0.702        0.4910

     X2         1    114.398010   11.27782614        10.144        0.0001
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Model: MODEL3

Dependent Variable: Y

                             Analysis of Variance

                                Sum of         Mean

       Source          DF      Squares       Square      F Value       Prob>F

       Model            1 293586581.99 293586581.99       76.770       0.0001

       Error           19 72660869.103 3824256.2686

       C Total         20 366247451.10

           Root MSE    1955.57057     R‑square       0.8016

           Dep Mean    9462.32381     Adj R‑sq       0.7912

           C.V.          20.66692

                             Parameter Estimates

                      Parameter      Standard    T for H0:

     Variable  DF      Estimate         Error   Parameter=0    Prob > |T|

     INTERCEP   1   2244.979484  927.70259199         2.420        0.0257

     X3         1    270.408976   30.86217256         8.762        0.0001
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Model: MODEL4

Dependent Variable: Y

                             Analysis of Variance

                                Sum of         Mean

       Source          DF      Squares       Square      F Value       Prob>F

       Model            2 320669262.90 160334631.45       63.320       0.0001

       Error           18 45578188.196 2532121.5665

       C Total         20 366247451.10

           Root MSE    1591.26414     R‑square       0.8756

           Dep Mean    9462.32381     Adj R‑sq       0.8617

           C.V.          16.81684

                             Parameter Estimates

                      Parameter      Standard    T for H0:

     Variable  DF      Estimate         Error   Parameter=0    Prob > |T|

     INTERCEP   1   1967.060970  1061.9394636         1.852        0.0805

     X1         1      1.369402    0.64228602         2.132        0.0470

     X2         1     49.798787   32.01875259         1.555        0.1373
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Model: MODEL5

Dependent Variable: Y

                             Analysis of Variance

                                Sum of         Mean

       Source          DF      Squares       Square      F Value       Prob>F

       Model            2 320570959.74 160285479.87       63.165       0.0001

       Error           18 45676491.359 2537582.8533

       C Total         20 366247451.10

           Root MSE    1592.97924     R‑square       0.8753

           Dep Mean    9462.32381     Adj R‑sq       0.8614

           C.V.          16.83497

                             Parameter Estimates

                      Parameter      Standard    T for H0:

     Variable  DF      Estimate         Error   Parameter=0    Prob > |T|

     INTERCEP   1   2656.899966  766.17770724         3.468        0.0027

     X1         1      1.619576    0.49665564         3.261        0.0043

     X3         1     92.552875   60.05604268         1.541        0.1407
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Model: MODEL6

Dependent Variable: Y

                             Analysis of Variance

                                Sum of         Mean

       Source          DF      Squares       Square      F Value       Prob>F

       Model            2 322034328.09 161017164.05       65.553       0.0001

       Error           18 44213123.005 2456284.6114

       C Total         20 366247451.10

           Root MSE    1567.25384     R‑square       0.8793

           Dep Mean    9462.32381     Adj R‑sq       0.8659

           C.V.          16.56310

                             Parameter Estimates

                      Parameter      Standard    T for H0:

     Variable  DF      Estimate         Error   Parameter=0    Prob > |T|

     INTERCEP   1    792.153987  857.33421874         0.924        0.3677

     X2         1     71.975594   21.14952765         3.403        0.0032

     X3         1    117.454025   51.30102781         2.290        0.0343
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Model: MODEL7

Dependent Variable: Y

                             Analysis of Variance

                                Sum of         Mean

       Source          DF      Squares       Square      F Value       Prob>F

       Model            3 325360308.32 108453436.11       45.093       0.0001

       Error           17 40887142.781 2405126.0459

       C Total         20 366247451.10

           Root MSE    1550.84688     R‑square       0.8884

           Dep Mean    9462.32381     Adj R‑sq       0.8687

           C.V.          16.38970

                             Parameter Estimates

                      Parameter      Standard    T for H0:

     Variable  DF      Estimate         Error   Parameter=0    Prob > |T|

     INTERCEP   1   1566.569997  1073.9602583         1.459        0.1629

     X1         1      0.854365    0.72652834         1.176        0.2558

     X2         1     44.374955   31.44623297         1.411        0.1762

     X3         1     82.284681   58.91869126         1.397        0.1805
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