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One way Analysis of Variance

* One way analysis of variance;
data reading;

 input group $ words @@;

 datalines;

 x 700 x 850 x 820 x 640 x 920

 y 480 y 460 y 500 y 570 y 580

 z 500 z 550 z 480 z 600 z 610

;

proc anova data=reading;

  title 'Analysis of Reading Data';

  class group;

  model words = group;

  means group;

run;
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                                      The ANOVA Procedure

                                    Class Level Information

                                 Class         Levels    Values

                                 group              3    x y z

                            Number of Observations Read          15

                            Number of Observations Used          15
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                                                          11:05 Thursday, March 22, 2007

                                      The ANOVA Procedure

Dependent Variable: words

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        2     215613.3333     107806.6667      16.78    0.0003

      Error                       12      77080.0000       6423.3333

      Corrected Total             14     292693.3333

                       R-Square     Coeff Var      Root MSE    words Mean

                       0.736653      12.98256      80.14570      617.3333

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      group                        2     215613.3333     107806.6667      16.78    0.0003
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                                                          11:05 Thursday, March 22, 2007

                                      The ANOVA Procedure

                        Level of           ------------words------------

                        group        N             Mean          Std Dev

                        x            5       786.000000       113.929803

                        y            5       518.000000        54.037024

                        z            5       548.000000        58.051701

*Illustrating post-hoc comparisons;
proc anova data=reading;

  title 'Analysis of Reeading Data';

  class group;

  model words = group;

  means group / snk alpha=.05;
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                                                          11:05 Thursday, March 22, 2007

                                      The ANOVA Procedure

Dependent Variable: words

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        2     215613.3333     107806.6667      16.78    0.0003

      Error                       12      77080.0000       6423.3333

      Corrected Total             14     292693.3333

                       R-Square     Coeff Var      Root MSE    words Mean

                       0.736653      12.98256      80.14570      617.3333

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      group                        2     215613.3333     107806.6667      16.78    0.0003
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                                      The ANOVA Procedure

                              Student-Newman-Keuls Test for words

    NOTE: This test controls the Type I experimentwise error rate under the complete null

           hypothesis but not under partial null hypotheses.

                               Alpha                        0.05

                               Error Degrees of Freedom       12

                               Error Mean Square        6423.333

                         Number of Means              2              3

                         Critical Range       110.44134      135.22484

                  Means with the same letter are not significantly different.

                     SNK Grouping          Mean      N    group

                                A        786.00      5    x

                                B        548.00      5    z

                                B

                                B        518.00      5    y

*Illustrating the Sheffe post-hoc comparisons;
proc anova data=reading;

  title 'Analysis of Reeading Data';

  class group;

  model words = group;

  means group / scheffe alpha=.05;
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                                      The ANOVA Procedure

                                    Scheffe's Test for words

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

                            Alpha                              0.05

                            Error Degrees of Freedom             12

                            Error Mean Square              6423.333

                            Critical Value of F             3.88529

                            Minimum Significant Difference    141.3

                  Means with the same letter are not significantly different.

                 Scheffe Grouping          Mean      N    group

                                A        786.00      5    x

                                B        548.00      5    z

                                B

                                B        518.00      5    y

Planned contrasts.
** Computing planned contrasts using GLM;
proc glm data=reading;

 title 'Analysis of Reading Data - Planned Comparisons';

 class group;

 model words=group;************* 1  2  3;
 contrast 'x vs. y and z' group -2  1  1;

 contrast 'method y vs z' group  0  1 -1;

run;
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                                       The GLM Procedure

                                    Class Level Information

                                 Class         Levels    Values

                                 group              3    x y z

                            Number of Observations Read          15

                            Number of Observations Used          15
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                                       The GLM Procedure

Dependent Variable: words

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        2     215613.3333     107806.6667      16.78    0.0003

      Error                       12      77080.0000       6423.3333

      Corrected Total             14     292693.3333

                       R-Square     Coeff Var      Root MSE    words Mean

                       0.736653      12.98256      80.14570      617.3333

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

      group                        2     215613.3333     107806.6667      16.78    0.0003

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

      group                        2     215613.3333     107806.6667      16.78    0.0003

      Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

      x vs. y and z                1     213363.3333     213363.3333      33.22    <.0001

      method y vs z                1       2250.0000       2250.0000       0.35    0.5649

Factorial ANOVA p. 209
data twoway;

 input group $ gender $ words @@;

 datalines;

 x m 700 x m 850 x m 820 x m 640 x m 920

 y m 480 y m 460 y m 500 y m 570 y m 580

 z m 920 z m 550 z m 480 z m 600 z m 610

 x f 900 x f 880 x f 899 x f 780 x f 899

 y f 590 y f 540 y f 560 y f 570 y f 555

 z f 520 z f 660 z f 525 z f 610 z f 645

 ;

proc anova data=twoway;

 title 'Analysis of Reading data';

 class group gender;

 model words = group|gender;

 * The above could also be = group gender group*gender;
 means group | gender / snk sheffe;

run;
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                                                          18:20 Wednesday, March 28, 2007

                                      The ANOVA Procedure

                                    Class Level Information

                                 Class         Levels    Values

                                 group              3    x y z

                                 gender             2    f m

                            Number of Observations Read          30

                            Number of Observations Used          30
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                                      The ANOVA Procedure

Dependent Variable: words

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        5     478152.1667      95630.4333      11.06    <.0001


      Error                       24     207459.2000       8644.1333

      Corrected Total             29     685611.3667

                       R-Square     Coeff Var      Root MSE    words Mean

                       0.697410      14.07770      92.97383      660.4333

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      group                        2     450771.2667     225385.6333      26.07    <.0001

      gender                       1       6840.3000       6840.3000       0.79    0.3825

      group*gender                 2      20540.6000      10270.3000       1.19    0.3221
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                                      The ANOVA Procedure

                              Student-Newman-Keuls Test for words

 NOTE: This test controls the Type I experimentwise error rate under the complete null

                       hypothesis but not under partial null hypotheses.

                               Alpha                        0.05

                               Error Degrees of Freedom       24

                               Error Mean Square        8644.133

                         Number of Means              2              3

                         Critical Range       85.815322      103.83511

                  Means with the same letter are not significantly different.

                     SNK Grouping          Mean      N    group
                                A        828.80     10    x

                                B        612.00     10    z

                                B

                                B        540.50     10    y
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                                      The ANOVA Procedure

                                    Scheffe's Test for words

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


                            Alpha                              0.05

                            Error Degrees of Freedom             24

                            Error Mean Square              8644.133

                            Critical Value of F             3.40283

                            Minimum Significant Difference   108.47

                  Means with the same letter are not significantly different.

                 Scheffe Grouping          Mean      N    group
                                A        828.80     10    x

                                B        612.00     10    z

                                B

                                B        540.50     10    y
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                                      The ANOVA Procedure

                              Student-Newman-Keuls Test for words

     NOTE: This test controls the Type I experimentwise error rate under the complete null

                       hypothesis but not under partial null hypotheses.

                               Alpha                        0.05

                               Error Degrees of Freedom       24

                               Error Mean Square        8644.133

                                 Number of Means              2

                                 Critical Range       70.067917

                   Means with the same letter are not significantly different.

                     SNK Grouping          Mean      N    gender
                                A        675.53     15    f

                                A

                                A        645.33     15    m
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                                      The ANOVA Procedure

                                    Scheffe's Test for words

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

                            Alpha                              0.05

                            Error Degrees of Freedom             24

                            Error Mean Square              8644.133

                            Critical Value of F             4.25968

                            Minimum Significant Difference   70.068

                   Means with the same letter are not significantly different.

                 Scheffe Grouping          Mean      N    gender
                                A        675.53     15    f

                                A

                                A        645.33     15    m
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                                      The ANOVA Procedure

                 Level of     Level of           ------------words------------

                 group        gender       N             Mean          Std Dev

                 x            f            5       871.600000        51.887378

                 x            m            5       786.000000       113.929803

                 y            f            5       563.000000        18.574176

                 y            m            5       518.000000        54.037024

                 z            f            5       592.000000        66.011363

                 z            m            5       632.000000       169.026625
Interpreting Signfiicant interactins, p 215.
data ritalin;

*Significant interactions, p. 215;
* Inputting data within nested loops;
do group = 'normal', 'hyper ';

do drug = 'placebo' , 'ritalin';

do subj = 1 to 4;

input activity @;

output;

end;

end;

end;

datalines;

50 45 55 52 67 60 58 65 70 72 68 75 51 57 48 55

;

proc anova data=ritalin;

title 'Activity Study';

class group drug;

model activity=group|Drug;

means group|drug;

run;
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                                    Class Level Information

                            Class         Levels    Values

                            group              2    hyper normal

                            drug               2    placebo ritalin

                            Number of Observations Read          16

                            Number of Observations Used          16
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                                      The ANOVA Procedure

Dependent Variable: activity

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        3     1093.500000      364.500000      24.10    <.0001

      Error                       12      181.500000       15.125000

      Corrected Total             15     1275.000000

                     R-Square     Coeff Var      Root MSE    activity Mean

                     0.857647      6.563860      3.889087         59.25000

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      group                        1     121.0000000     121.0000000       8.00    0.0152

      drug                         1      42.2500000      42.2500000       2.79    0.1205

      group*drug                   1     930.2500000     930.2500000      61.50    <.0001
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                        Level of           -----------activity----------

                        group        N             Mean          Std Dev

                        hyper        8       62.0000000       10.4197614

                        normal       8       56.5000000        7.5023806

                        Level of           -----------activity----------

                        drug         N             Mean          Std Dev

                        placebo      8       60.8750000       11.5935635

                        ritalin      8       57.6250000        6.4572772

                 Level of     Level of           -----------activity----------

                 group        drug         N             Mean          Std Dev

                 hyper        placebo      4       71.2500000       2.98607881

                 hyper        ritalin      4       52.7500000       4.03112887

                 normal       placebo      4       50.5000000       4.20317340

                 normal       ritalin      4       62.5000000       4.20317340
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Getting SAS to create the above graph . . .

* Getting a graph of cell means;
proc means data=ritalin nway noprint;

*Output dataset (means) will contain means;
* NWAY restricts to highest order interaction;
* which is the cell means;
class group drug;

var activity;

output out=means mean=m_hr;*Puts statistics in dataset;
run;

symbol1 v=square color=black i=join;

symbol2 v=circle color=black i=join;

* v is short for value, i short for interpolate;
proc gplot data=means;

title 'Interaction Plot';

plot m_hr * drug = group;

* = group creates a sep graph for each value of group;
run;
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Simple effects
Often, a significant interaction is followed up with specific comparisons of means.

In this case, how about comparing Placebo with Ritalan within each group;

* Simple effects using t-tests;
* Comparing Placebo vs. Ritalan within groups;
* We want to do two t-tests;
*  - one for Group=Normal; 

*  - one for Group=Hyperactive;
* Must first SORT cases by Group;
* Then use the "BY GROUP" subcommand;
proc sort data=ritalin;

 by group;

 run;

 proc ttest data=ritalin;

 title 'Drug Comaprisons for Each Gjrou Separately';

 by group; *Creates t-test for each Group;
 class drug; *Comparins mean Placebo vs. Mean Ritalin;
 var activity; * Dependent variable;
 run;
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---------------------------------- group=hyper ------------------------------------------

                                      The TTEST Procedure

                                          Statistics

                             Lower CL          Upper CL  Lower CL           Upper CL

Variable  drug       N      Mean    Mean      Mean   Std Dev  Std Dev   Std Dev  Std Err

activity  placebo    4    66.498   71.25    76.002    1.6916   2.9861    11.134    1.493

activity  ritalin    4    46.336   52.75    59.164    2.2836   4.0311     15.03   2.0156

activity  Diff (1-2)      12.362    18.5    24.638    2.2859   3.5473    7.8114   2.5083

                                            T-Tests

             Variable    Method           Variances      DF    t Value    Pr > |t|

             activity    Pooled           Equal           6       7.38      0.0003

             activity    Satterthwaite    Unequal      5.53       7.38      0.0005

                                     Equality of Variances

                 Variable    Method      Num DF    Den DF    F Value    Pr > F

                 activity    Folded F         3         3       1.82    0.6343
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---------------------------------- group=normal -----------------------------------------

                                      The TTEST Procedure

                                          Statistics

                             Lower CL          Upper CL  Lower CL           Upper CL

Variable  drug            N      Mean    Mean      Mean   Std Dev  Std Dev   Std Dev  Std Err

activity  placebo    4    43.812    50.5    57.188    2.3811   4.2032    15.672   2.1016

activity  ritalin    4    55.812    62.5    69.188    2.3811   4.2032    15.672   2.1016

activity  Diff (1-2)      -19.27     -12    -4.728    2.7085   4.2032    9.2557   2.9721

                                            T-Tests

             Variable    Method           Variances      DF    t Value    Pr > |t|

             activity    Pooled           Equal           6      -4.04      0.0068

             activity    Satterthwaite    Unequal         6      -4.04      0.0068

                                     Equality of Variances

                 Variable    Method      Num DF    Den DF    F Value    Pr > F

                 activity    Folded F         3         3       1.00    1.0000
The problem with the above is that each t-test uses only half the data.  This means that each is not as powerful as a test that used all the data.
An alternative method is to treat the four groups as four levels of a single factor.

That is, the 2x2 factorial has four cells.  This method treats each cell as a group defined by a single factor, called CLASS by Cody and Smith.

	
	Placebo
	Ritalin

	Hyper
	Hyper Placebo
	Hyper Ritalin

	Normal
	Normal Placebo
	Normal Ritalin


CLASS
1
2
3
4


Hyper Placebo
Hyper Ritalin
Normal Placebo
Normal Ritalin

The SAS statement that “concatenates” two variables to create a new variable is the CONDITION statement.

 * Create a new variable by 'concatenating';
 * the GROUP and DRUG variables;
 * The data step revisited with CONDITION added;
data ritalin;

*Significant interactions, p. 215;
* Inputting data within nested loops;
do group = 'normal', 'hyper ';

do drug = 'placebo' , 'ritalin';

do subj = 1 to 4;

input activity @;

condit = group || drug;

output;

end;

end;

end;

datalines;

50 45 55 52 67 60 58 65 70 72 68 75 51 57 48 55

;

run;

proc print data=ritalin;

run;

* Now compare the levels of CONDITION;
* Use SNK to compare means pairwise;
proc anova data=ritalin;

title 'Wopne-way ANOVA Ritalin Study';

class condit;

model activity = condit;

means condit /snk;

run;

Proc PRINT was used here just to show the values of condit.
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                 Obs    group      drug      subj    activity       condit

                   1    normal    placebo      1        50       normalplacebo

                   2    normal    placebo      2        45       normalplacebo

                   3    normal    placebo      3        55       normalplacebo

                   4    normal    placebo      4        52       normalplacebo

                   5    normal    ritalin      1        67       normalritalin

                   6    normal    ritalin      2        60       normalritalin

                   7    normal    ritalin      3        58       normalritalin

                   8    normal    ritalin      4        65       normalritalin

                   9    hyper     placebo      1        70       hyper placebo

                  10    hyper     placebo      2        72       hyper placebo

                  11    hyper     placebo      3        68       hyper placebo

                  12    hyper     placebo      4        75       hyper placebo

                  13    hyper     ritalin      1        51       hyper ritalin

                  14    hyper     ritalin      2        57       hyper ritalin

                  15    hyper     ritalin      3        48       hyper ritalin

                  16    hyper     ritalin      4        55       hyper ritalin
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                                      The ANOVA Procedure

                                    Class Level Information

        Class         Levels    Values

        condit             4    hyper placebo hyper ritalin normalplacebo normalritalin

                            Number of Observations Read          16

                            Number of Observations Used          16
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                                      The ANOVA Procedure

Dependent Variable: activity

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        3     1093.500000      364.500000      24.10    <.0001

      Error                       12      181.500000       15.125000

      Corrected Total             15     1275.000000

                     R-Square     Coeff Var      Root MSE    activity Mean

                     0.857647      6.563860      3.889087         59.25000

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      condit                       3     1093.500000      364.500000      24.10    <.0001
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                                      The ANOVA Procedure

                             Student-Newman-Keuls Test for activity

   NOTE: This test controls the Type I experimentwise error rate under the complete null

                       hypothesis but not under partial null hypotheses.

                               Alpha                        0.05

                               Error Degrees of Freedom       12

                               Error Mean Square          15.125

                  Number of Means              2              3              4

                  Critical Range       5.9917561      7.3363312      8.1642105

                  Means with the same letter are not significantly different.

                 SNK Grouping          Mean      N    condit

                            A        71.250      4    hyper placebo

                            B        62.500      4    normalritalin

                            C        52.750      4    hyper ritalin

                            C

                            C        50.500      4    normalplacebo
* Unbalanced designs, p. 223;
* The pudding tasting data;
data pudding;

length flavor $ 9;

input flavor $ sweet rating @@;

datalines;

vanilla 1 9 vanilla 2 8 vanilla 3 6

vanilla 1 7 vanilla 2 7 vanilla 3 5

vanilla 1 8 vanilla 2 8 vanilla 3 7

vanilla 1 7

chocolate 1 9 chocolate 2 8 chocolate 3 4

chocolate 1 9 chocolate 2 7 chocolate 3 5

chocolate 1 7 chocolate 2 6 chocolate 3 6

chocolate 1 7 chocolate 2 8 chocolate 3 4

chocolate 1 8               chocolate 3 4

;

proc print data=pudding;

run;

proc glm data=pudding;

title 'Pudding Taste Evaluation';

title2 'Two-way ANOVA - Unbalanced Design';

title4 '---------------------------------';

class sweet flavor;

model rating = sweet | flavor /ss3;

* SS3 invokes Type III sums of squares

* which adjusts each effect for all others;
lsmeans sweet|flavor /pdiff adjust=tukey;

*LSMEANS gives means adjusted for differences

* in other variables;
* PDIFF computes probabilities for all 

* pairwise differences;
* ADJUST=TUKEY invokes the Tukey post-hoc procedure;
run;

Proc print just to show the data in the dataset.
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                              Obs     flavor      sweet    rating

                                1    vanilla        1         9

                                2    vanilla        2         8

                                3    vanilla        3         6

                                4    vanilla        1         7

                                5    vanilla        2         7

                                6    vanilla        3         5

                                7    vanilla        1         8

                                8    vanilla        2         8

                                9    vanilla        3         7

                               10    vanilla        1         7

                               11    chocolate      1         9

                               12    chocolate      2         8

                               13    chocolate      3         4

                               14    chocolate      1         9

                               15    chocolate      2         7

                               16    chocolate      3         5

                               17    chocolate      1         7

                               18    chocolate      2         6

                               19    chocolate      3         6

                               20    chocolate      1         7

                               21    chocolate      2         8

                               22    chocolate      3         4

                               23    chocolate      1         8

                               24    chocolate      3         4

The Basic ANOVA Outoput
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                               ---------------------------------

                                       The GLM Procedure

                                    Class Level Information

                           Class         Levels    Values

                           sweet              3    1 2 3

                           flavor             2    chocolate vanilla

                            Number of Observations Read          24

                            Number of Observations Used          24
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                               ---------------------------------

                                       The GLM Procedure

Dependent Variable: rating

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        5     39.96666667      7.99333333       9.36    0.0002

      Error                       18     15.36666667      0.85370370

      Corrected Total             23     55.33333333

                      R-Square     Coeff Var      Root MSE    rating Mean

                      0.722289      13.52138      0.923961       6.833333

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

      sweet                        2     29.77706840     14.88853420      17.44    <.0001

      flavor                       1      1.56666667      1.56666667       1.84    0.1923

      sweet*flavor                 2      2.77809264      1.38904632       1.63    0.2241

LSMeans - Adjusted means; Tests of pairwise differences for Factor, SWEET
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                                       The GLM Procedure

                                      Least Squares Means

                       Adjustment for Multiple Comparisons: Tukey-Kramer

                                              rating      LSMEAN

                               sweet          LSMEAN      Number

                               1          7.87500000           1

                               2          7.45833333           2

                               3          5.30000000           3

                              Least Squares Means for effect sweet

                              Pr > |t| for H0: LSMean(i)=LSMean(j)

                                   Dependent Variable: rating

                         i/j              1             2             3

                            1                      0.6550        <.0001

                            2        0.6550                      0.0009

                            3        <.0001        0.0009

Adjusted means for factor, FLAVOR.

                             Pudding Taste Evaluation                                  34

                        Two-way ANOVA - Unbalanced Design  12:22 Thursday, March 29, 2007

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

                                       The GLM Procedure

                                      Least Squares Means

                       Adjustment for Multiple Comparisons: Tukey-Kramer

                                                         H0:LSMean1=

                                               rating      LSMean2

                            flavor             LSMEAN       Pr > |t|

                            chocolate      6.61666667         0.1923

                            vanilla        7.13888889

Adjusted means, pairwise comparisons for cells from combination of SWEET and FLAVOR
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                                       The GLM Procedure

                                      Least Squares Means

                       Adjustment for Multiple Comparisons: Tukey-Kramer

                                                     rating      LSMEAN

                         sweet    flavor             LSMEAN      Number

                         1        chocolate      8.00000000           1

                         1        vanilla        7.75000000           2

                         2        chocolate      7.25000000           3

                         2        vanilla        7.66666667           4

                         3        chocolate      4.60000000           5

                         3        vanilla        6.00000000           6

                          Least Squares Means for effect sweet*flavor

                              Pr > |t| for H0: LSMean(i)=LSMean(j)

                                   Dependent Variable: rating

i/j              1             2             3             4             5             6

    1                      0.9984        0.8265        0.9958        0.0002        0.0758

    2        0.9984                      0.9700        1.0000        0.0009        0.1819

    3        0.8265        0.9700                      0.9904        0.0052        0.5065

    4        0.9958        1.0000        0.9904                      0.0029        0.2810

    5        0.0002        0.0009        0.0052        0.0029                      0.3424

    6        0.0758        0.1819        0.5065        0.2810        0.3424

* Analysis of Covariance;
* Comparison of maths scores of Group A vs B

* controlling for IQ;
data covar;

length group $ 1;

input group math iq @@;

datalines;

a 260 105 a 325 115 a 300 122 a 400 125 a 390 138

b 325 126 b 440 135 b 425 142 b 500 140 b 600 160

;

* See if there is a correlation between MATH and IQ;
proc corr data=covar nosimple;

 title 'Covariate Example';

 var math iq;

 run;

 * See if there are differences in IQ and MATH between groups;
 proc ttest data=covar;

 class group;

 var iq math;

 run;

 * ANCOVA, testing equality of slopes

 * (interaction of GROUP and IQ);
 proc glm data=covar;

 class group;

 model math = iq group iq*group /ss3;

 run;
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                                       The CORR Procedure

                                2  Variables:    math     iq

                            Pearson Correlation Coefficients, N = 10

                                   Prob > |r| under H0: Rho=0

                                              math            iq

                                math       1.00000       0.92456

                                                          0.0001

                                iq         0.92456       1.00000

                                            0.0001
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                                      The TTEST Procedure

                                          Statistics

                             Lower CL          Upper CL  Lower CL           Upper CL

Variable  group           N      Mean    Mean      Mean   Std Dev  Std Dev   Std Dev  Std Err

iq        a               5    105.82     121    136.18    7.3256   12.227    35.135   5.4681

iq        b               5     125.1   140.6     156.1    7.4784   12.482    35.868   5.5821

iq        Diff (1-2)           -37.62   -19.6    -1.581    8.3454   12.355     23.67   7.8141

math      a               5    261.02     335    408.98    35.697   59.582    171.21   26.646

math      b               5    332.25     458    583.75     60.68   101.28    291.03   45.293

math      Diff (1-2)           -244.2    -123     -1.82    56.123   83.089    159.18    52.55

                                            T-Tests

             Variable    Method           Variances      DF    t Value    Pr > |t|

             iq          Pooled           Equal           8      -2.51      0.0365

             iq          Satterthwaite    Unequal         8      -2.51      0.0365

             math        Pooled           Equal           8      -2.34      0.0474

             math        Satterthwaite    Unequal      6.47      -2.34      0.0547

                                     Equality of Variances

                 Variable    Method      Num DF    Den DF    F Value    Pr > F

                 iq          Folded F         4         4       1.04    0.9691

                 math        Folded F         4         4       2.89    0.3286
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                                       The GLM Procedure

                                    Class Level Information

                                 Class         Levels    Values

                                 group              2    a b

                            Number of Observations Read          10

                            Number of Observations Used          10
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                                       The GLM Procedure

Dependent Variable: math

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        3     83455.14993     27818.38331      17.39    0.0023

      Error                        6      9597.35007      1599.55834

      Corrected Total              9     93052.50000

                       R-Square     Coeff Var      Root MSE     math Mean

                       0.896861      10.08688      39.99448      396.5000

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

      iq                           1     41278.21495     41278.21495      25.81    0.0023

      group                        1      3634.41141      3634.41141       2.27    0.1824

      iq*group                     1      3816.96372      3816.96372       2.39    0.1734
Now the actual ANCOVA, leaving out the interaction term.

proc glm data=covar;

 class group;

 model math = iq group /ss3;

 lsmeans group;

 run;
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                                       The GLM Procedure

                                    Class Level Information

                                 Class         Levels    Values

                                 group              2    a b

                            Number of Observations Read          10

                            Number of Observations Used          10
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                                       The GLM Procedure

Dependent Variable: math

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        2     79638.18621     39819.09311      20.78    0.0011

      Error                        7     13414.31379      1916.33054

      Corrected Total              9     93052.50000

                       R-Square     Coeff Var      Root MSE     math Mean

                       0.855841      11.04058      43.77591      396.5000

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

      iq                           1     41815.68621     41815.68621      21.82    0.0023

      group                        1        96.59793        96.59793       0.05    0.8288
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                                      Least Squares Means

                                     group     math LSMEAN

                                     a          392.345889

                                     b          400.654111
Repeat of above





Repeats above





Overall ANOVA





SNK on  first factor





Scheffe on  first factor





SNK on  second factor





Cell means and SDs





These results don’t agree with Cody Smith’s results.  Problem appears to be cell Z M.











