Jaime Frade


Problem 6.24
F-Statistics and p-values are given in the output




F-Statistic

p-value 
Mean

SSE
MaxBreadth 


3.66

0.0298

132.7333
1785.400000
BasHeight 


0.47

0.6293

133.3667
1924.300000
BasLength


3.84

0.0251

98.08889
2153.000000
NasHeight


0.10

0.9007

50.44444
840.2000000
Differences over time periods may be due to MaxBreadth and BasLength.  From the residual plots, the data seems normal.  The usual MANOVA assumptions are satistfied
	MANOVA Test Criteria and F Approximations for
the Hypothesis of No Overall TimePeriod Effect
H = Type III SSCP Matrix for TimePeriod
E = Error SSCP Matrix

S=2 M=0.5 N=41

	Statistic
	Value
	F Value
	Num DF
	Den DF
	Pr > F

	Wilks' Lambda
	0.83010268
	2.05
	8
	168
	0.0436


95% simultaneous confidence intervals (values in SAS)

m = (pg(g-1))/2 = 12

t(df=87, 0.05/24) = 2.94

MaxBreath
	Least Squares Means for Effect TimePeriod

	i
	j
	Difference Between
Means
	Simultaneous 98.75% Confidence
Limits for LSMean(i)-LSMean(j)

	1
	2
	-1.000000
	-4.442312
	2.442312

	1
	3
	-3.100000
	-6.542312
	0.342312

	2
	3
	-2.100000
	-5.542312
	1.342312


BasHeight
	Least Squares Means for Effect TimePeriod

	i
	j
	Difference Between
Means
	Simultaneous 98.75% Confidence
Limits for LSMean(i)-LSMean(j)

	1
	2
	0.900000
	-2.673706
	4.473706

	1
	3
	-0.200000
	-3.773706
	3.373706

	2
	3
	-1.100000
	-4.673706
	2.473706


BasLength
	Least Squares Means for Effect TimePeriod

	i
	j
	Difference Between
Means
	Simultaneous 98.75% Confidence
Limits for LSMean(i)-LSMean(j)

	1
	2
	0.100000
	-3.680110
	3.880110

	1
	3
	3.133333
	-0.646777
	6.913443

	2
	3
	3.033333
	-0.746777
	6.813443


NasHeight

	Least Squares Means for Effect TimePeriod

	i
	j
	Difference Between
Means
	Simultaneous 98.75% Confidence
Limits for LSMean(i)-LSMean(j)

	1
	2
	0.300000
	-2.061423
	2.661423

	1
	3
	-0.033333
	-2.394756
	2.328089

	2
	3
	-0.333333
	-2.694756
	2.028089




OUTPUT

	The SAS System


The GLM Procedure

 

Dependent Variable: MaxBreadth Maximum Breadth of Skull (mm)

	Source
	DF
	Sum of Squares
	Mean Square
	F Value
	Pr > F

	Model
	2
	150.200000
	75.100000
	3.66
	0.0298

	Error
	87
	1785.400000
	20.521839
	 
	 

	Corrected Total
	89
	1935.600000
	 
	 
	 


	R-Square
	Coeff Var
	Root MSE
	MaxBreadth Mean

	0.077599
	3.412936
	4.530104
	132.7333


	Source
	DF
	Type I SS
	Mean Square
	F Value
	Pr > F

	TimePeriod
	2
	150.2000000
	75.1000000
	3.66
	0.0298


	Source
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F

	TimePeriod
	2
	150.2000000
	75.1000000
	3.66
	0.0298


	Contrast
	DF
	Contrast SS
	Mean Square
	F Value
	Pr > F

	Linear TimePeriod
	1
	150.1983368
	150.1983368
	7.32
	0.0082

	Quadratic TimePeriod
	1
	0.0016632
	0.0016632
	0.00
	0.9928




	The SAS System


The GLM Procedure

 

Dependent Variable: BasHeight Basibregmatic Height of Skull (mm)

	Source
	DF
	Sum of Squares
	Mean Square
	F Value
	Pr > F

	Model
	2
	20.600000
	10.300000
	0.47
	0.6293

	Error
	87
	1924.300000
	22.118391
	 
	 

	Corrected Total
	89
	1944.900000
	 
	 
	 


	R-Square
	Coeff Var
	Root MSE
	BasHeight Mean

	0.010592
	3.526383
	4.703019
	133.3667


	Source
	DF
	Type I SS
	Mean Square
	F Value
	Pr > F

	TimePeriod
	2
	20.60000000
	10.30000000
	0.47
	0.6293


	Source
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F

	TimePeriod
	2
	20.60000000
	10.30000000
	0.47
	0.6293


	Contrast
	DF
	Contrast SS
	Mean Square
	F Value
	Pr > F

	Linear TimePeriod
	1
	2.69719335
	2.69719335
	0.12
	0.7278

	Quadratic TimePeriod
	1
	17.90280665
	17.90280665
	0.81
	0.3708




	The SAS System


The GLM Procedure

 

Dependent Variable: BasLength Basialveolar Length of Skull (mm)

	Source
	DF
	Sum of Squares
	Mean Square
	F Value
	Pr > F

	Model
	2
	190.288889
	95.144444
	3.84
	0.0251

	Error
	87
	2153.000000
	24.747126
	 
	 

	Corrected Total
	89
	2343.288889
	 
	 
	 


	R-Square
	Coeff Var
	Root MSE
	BasLength Mean

	0.081206
	5.071572
	4.974648
	98.08889


	Source
	DF
	Type I SS
	Mean Square
	F Value
	Pr > F

	TimePeriod
	2
	190.2888889
	95.1444444
	3.84
	0.0251


	Source
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F

	TimePeriod
	2
	190.2888889
	95.1444444
	3.84
	0.0251


	Contrast
	DF
	Contrast SS
	Mean Square
	F Value
	Pr > F

	Linear TimePeriod
	1
	174.0152807
	174.0152807
	7.03
	0.0095

	Quadratic TimePeriod
	1
	16.2736082
	16.2736082
	0.66
	0.4196




	The SAS System


The GLM Procedure

 

Dependent Variable: NasHeight Nasal Height of Skull (mm)

	Source
	DF
	Sum of Squares
	Mean Square
	F Value
	Pr > F

	Model
	2
	2.0222222
	1.0111111
	0.10
	0.9007

	Error
	87
	840.2000000
	9.6574713
	 
	 

	Corrected Total
	89
	842.2222222
	 
	 
	 


	R-Square
	Coeff Var
	Root MSE
	NasHeight Mean

	0.002401
	6.160534
	3.107647
	50.44444


	Source
	DF
	Type I SS
	Mean Square
	F Value
	Pr > F

	TimePeriod
	2
	2.02222222
	1.01111111
	0.10
	0.9007


	Source
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F

	TimePeriod
	2
	2.02222222
	1.01111111
	0.10
	0.9007


	Contrast
	DF
	Contrast SS
	Mean Square
	F Value
	Pr > F

	Linear TimePeriod
	1
	0.16496882
	0.16496882
	0.02
	0.8963

	Quadratic TimePeriod
	1
	1.85725341
	1.85725341
	0.19
	0.6621




	The SAS System


The GLM Procedure

Multivariate Analysis of Variance

	Characteristic Roots and Vectors of: E Inverse * H, where
H = Type III SSCP Matrix for TimePeriod
E = Error SSCP Matrix

	Characteristic Root
	Percent
	Characteristic Vector V'EV=1

	
	
	MaxBreadth
	BasHeight
	BasLength
	NasHeight

	0.18696913
	92.61
	-0.01731044
	-0.00316643
	0.01599700
	0.00492103

	0.01491287
	7.39
	-0.01243028
	0.01722156
	-0.00745836
	0.01318513

	0.00000000
	0.00
	0.00150700
	-0.00942315
	0.00123927
	0.03287969

	0.00000000
	0.00
	0.01189934
	0.01182951
	0.01252783
	0.00000000


	MANOVA Test Criteria and F Approximations for
the Hypothesis of No Overall TimePeriod Effect
H = Type III SSCP Matrix for TimePeriod
E = Error SSCP Matrix

S=2 M=0.5 N=41

	Statistic
	Value
	F Value
	Num DF
	Den DF
	Pr > F

	Wilks' Lambda
	0.83010268
	2.05
	8
	168
	0.0436

	Pillai's Trace
	0.17221185
	2.00
	8
	170
	0.0489

	Hotelling-Lawley Trace
	0.20188200
	2.11
	8
	117.7
	0.0405

	Roy's Greatest Root
	0.18696913
	3.97
	4
	85
	0.0053

	NOTE: F Statistic for Roy's Greatest Root is an upper bound.

	NOTE: F Statistic for Wilks' Lambda is exact.


                    Time           MaxBreadth      LSMEAN

                    Period             LSMEAN      Number

                    4000 B.C.      131.366667           1

                    3300 B.C.      132.366667           2

                    1850 B.C.      134.466667           3

                                 Tests for Normality

           Test                  --Statistic---    -----p Value------

          Shapiro-Wilk          W     0.982491    Pr < W      0.2678

          Kolmogorov-Smirnov    D      0.07529    Pr > D     >0.1500

          Cramer-von Mises      W-Sq  0.081441    Pr > W-Sq   0.2036

          Anderson-Darling      A-Sq  0.482023    Pr > A-Sq   0.2322

                                Variable:  R1

                                Normal Probability Plot

               15+                                                  *

                 |

                 |                                                +++

                 |                                           +++*+

                 |                                       +***

                 |                                  ++*** *

                 |                              ******

                1+                         *****

                 |                    ******

                 |                ****+

                 |            +****

                 |        +**+*

                 |   +*+*+*

                 |+++

              -13+*

                  +----+----+----+----+----+----+----+----+----+----+

                      -2        -1         0        +1        +2

                    Time            BasHeight      LSMEAN

                    Period             LSMEAN      Number

                    4000 B.C.      133.600000           1

                    3300 B.C.      132.700000           2

                    1850 B.C.      133.800000           3
                          Tests for Normality
          Test                  --Statistic---    -----p Value------

          Shapiro-Wilk          W     0.988847    Pr < W      0.6462

          Kolmogorov-Smirnov    D     0.065033    Pr > D     >0.1500

          Cramer-von Mises      W-Sq  0.058122    Pr > W-Sq  >0.2500

          Anderson-Darling      A-Sq  0.389462    Pr > A-Sq  >0.2500

                                Variable:  R2

                                Normal Probability Plot

             12.5+                                                  *

                 |                                              *  ++

                 |                                               ++

                 |                                            *++

                 |                                          *++

              7.5+                                         *+

                 |                                      +**

                 |                                    +**

                 |                                  ***

                 |                               ****

              2.5+                             **+

                 |                           ***

                 |                         **+

                 |                      ***

                 |                    **+

             -2.5+                  ***

                 |               ***+

                 |             **++

                 |             ++

                 |          +**

             -7.5+        ++*

                 |      ++**

                 |    ++*

                 |  ++*

                 |++

            -12.5+*

                  +----+----+----+----+----+----+----+----+----+----+

                      -2        -1         0        +1        +2
                    Time            BasLength      LSMEAN

                    Period             LSMEAN      Number
                    4000 B.C.      99.1666667           1

                    3300 B.C.      99.0666667           2

                    1850 B.C.      96.0333333           3

                             Tests for Normality
          Test                  --Statistic---    -----p Value------

          Shapiro-Wilk          W     0.988946    Pr < W      0.6535

          Kolmogorov-Smirnov    D     0.058599    Pr > D     >0.1500

          Cramer-von Mises      W-Sq  0.037097    Pr > W-Sq  >0.2500

          Anderson-Darling      A-Sq  0.255298    Pr > A-Sq  >0.2500

                                Variable:  R3

                                Normal Probability Plot

             14.5+                                                  *

                 |

                 |                                                  +

                 |                                                ++

                 |                                              ++

              9.5+                                            *+*

                 |                                          *+

                 |                                        **

                 |                                      +**

                 |                                    +**

              4.5+                                  ***

                 |                                ***

                 |                              **

                 |                            ***

                 |                         +***

             -0.5+                       +**

                 |                     ***

                 |                   +**

                 |                 ++**

                 |               ++**

             -5.5+             ++**

                 |          *****

                 |         +*

                 |       ++*

                 |     +* *

            -10.5+*  +*

                  +----+----+----+----+----+----+----+----+----+----+

                      -2        -1         0        +1        +2
                    Time            NasHeight      LSMEAN

                    Period             LSMEAN      Number
                    4000 B.C.      50.5333333           1

                    3300 B.C.      50.2333333           2

                    1850 B.C.      50.5666667           3

                             Tests for Normality
          Test                  --Statistic---    -----p Value------

          Shapiro-Wilk          W     0.986421    Pr < W      0.4765

          Kolmogorov-Smirnov    D     0.068903    Pr > D     >0.1500

          Cramer-von Mises      W-Sq  0.054824    Pr > W-Sq  >0.2500

          Anderson-Darling      A-Sq  0.336162    Pr > A-Sq  >0.2500

                                 Variable:  R4
                                Normal Probability Plot

              9.5+                                                  *

                 |

                 |                                                +++

                 |                                             +++

                 |                                          *+* *

                 |                                       ***

                 |                                   ***+

                 |                               ****

              1.5+                             **+

                 |                         +****

                 |                      ****

                 |                   ***

                 |                ***

                 |            +***

                 |         +****

                 |    * *+* *

             -6.5+*  +++

                  +----+----+----+----+----+----+----+----+----+----+

                      -2        -1         0        +1        +2



CODE
Options PS=55 LS=78 PageNo=1;

/*

 * The ODS HTML generates SAS Output in HTML

 * format that makes tables that drop into

 * word processors pretty easily. You may need

 * to change the file destination, or you can

 * delete the statement entirely if you like.

 */
ODS HTML File="C:\Documents and Settings\Jaime\Desktop\Skulls.rtf" Style=Minimal;

Proc Format;

 Value BC 1="4000 B.C."
          2="3300 B.C."
          3="1850 B.C.";

Run;

Data EgyptianSkulls;

 Skull+1;

 Input MaxBreadth BasHeight BasLength NasHeight TimePeriod;

 LMaxBreadth=Log(MaxBreadth);

 LBasHeight=Log(BasHeight);

 LBasLength=Log(BasLength);

 LNasHeight=Log(NasHeight);

 Label MaxBreadth="Maximum Breadth of Skull (mm)"
       BasHeight ="Basibregmatic Height of Skull (mm)"

   BasLength ="Basialveolar Length of Skull (mm)"

   NasHeight ="Nasal Height of Skull (mm)"

   TimePeriod="Time Period";

 Format TimePeriod BC.;

DataLines;

********

;
Proc Print Data=EgyptianSkulls Label;

 Id Skull;

Run;

/*

 * MANOVA analysis

 * Use the ORDER=INTERNAL option so that contrast

 * coefficients correspond correctly with the Time Periods.

 */
Proc GLM Data=EgyptianSkulls Order=Internal;

 Class TimePeriod;

 Model MaxBreadth BasHeight BasLength NasHeight = TimePeriod;

MANOVA H=TimePeriod;

 LSMeans TimePeriod / PDiff Adjust=Tukey Alpha=0.0125; /* 0.05/4 */
 Output Out=Diagnostics R=R1-R4; /* output the residuals */

means TimePeriod;

LSMeans TimePeriod / PDiff CL Adj=Bon Alpha=0.0125;

Run;

Quit;

/*

 * Invoke SAS/Insight for Interactive Data Analysis

 * to examine residuals for normality and outliers.

 */
Proc univariate Data=Diagnostics plot normal;

var R1-R4;

Run;
ODS HTML Close;

