CHAPTER 13—ANALYSIS OF VARIANCE(aka ANOVA.doc)
STATISTICS 301—APPLIED STATISTICS, Statistics for Engineers and Scientists,  Walpole, Myers, Myers, and Ye, Prentice Hall
In General
ANOVA = extension of two population means comparison
What could we compare if we have “k” poplns of interest?
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POTENTIAL Questions of Interest
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ACTUAL Question of Interest
(

ANOVA DATA
DATA:
Independent RS’s of measurements from each of the “k” populations
	[image: image24.wmf] 

m

1

 

s

 

[image: image25.wmf]1

1n

Y

[image: image26.wmf] 

m

2

 

s

 

[image: image27.wmf]2

2n

Y

[image: image28.wmf] 

m

k

 

s

 

[image: image29.wmf]k

kn

Y

[image: image30.wmf] 

m

1

 

s

 


	[image: image31.wmf] 

m

2

 

s

 

[image: image32.wmf] 

m

k

 

s

 

[image: image33.wmf] 

m

i

 

s

 

[image: image34.png]o.

o.

0.

0.

2

2

CIGARETTE .SAS

CIGARETTE TAR DATA

10 25 50 s

Normal Percentiles

%0

9%

99




[image: image35.wmf] 

m

1

 

s

 

[image: image36.jpg]


[image: image37.wmf] 

m

2

 

s

 


	…
	[image: image38.wmf] 

m

k

 

s

 

[image: image39.png]y A :
g ol
i
N\ ML
W™ “Gemantown H *
NS £ .
wsars | /) 2

©.

4
H
g

Frankin

o F ©2007 Google - fap data €2007 NAVTEQ™ - Terms of Use,




[image: image40.wmf] 

m

i

 

s

 

[image: image41.png]ANOVA 8AS

ANOVA EXAMPLE USING THE KOLINEK GREAT MIAMI RIVER DATA

R
2
.
| £
+ 4
.
L + - 4
o
4
.
L
+ +
-1
.
3
.
-4 T T T T
Ist-Site 2nd-Site 3rd-Site 4th-Site 6th-Site

Site



[image: image42.png]ANOVA 8AS

ANOVA EXAMPLE USING THE KOLINEK GREAT MIAMI RIVER DATA

.
3+
+ +
.
+ +
+ +
.
n
.
+ +
.
.
e B
28 29 30 81 s2 33 84 3 3 37 38 39 40 41



[image: image43.png].20
8
.6
4
a2
.10
.08
.06
.04
.02
.00
.02
.04
.06
.08
.10
a2
4
.6
8
.20

CIGARETTE .SAS

CIGARETTE TAR DATA

P
* +
L
N
i * + +
I
* + +
L
4
" . 4
I + H b
I
r . 4
* ¥ i
e M b
I + H b
i v b
iy ¥
e M
* ¥ o
b ¥ i
i M b
r R s
b +
e . b
1
L +
L 4
- 4
i + |
I -
i
| +
4
T T T T
A B c )

BRAND



[image: image44.png]CIGARETTE .SAS

CIGARETTE TAR DATA

oot

oot

S

PR

+ |t e

B

r

Tt

TET EtT ottt

e

.

4







Yij =   
Equal sample sizes (“balanced”) from each popln NOT NECESSARY IN THE GENERAL ANOVA!
	
	Sample Number

	Population

(aka Sample)
	1
	2
	…
	n

	1
	Y11
	Y12
	…
	Y1n

	2
	Y21
	Y22
	…
	Y2n

	…
	…
	…
	
	…

	k
	Yk1
	Yk2
	…
	Ykn


An Example (Kolinek Great Miami River Data, IES, 1988, Internship w/Ohio EPA)
Background:

	1st Site
	29.02
	28.72
	29.10
	28.09

	2nd Site
	29.57
	30.71
	31.00
	29.86

	3rd Site
	41.77
	41.99
	41.82
	37.30

	4th Site
	38.27
	38.01
	37.85
	35.61

	6th Site
	32.74
	33.92
	34.21
	33.20


Graphical summary of data using SAS

OPTIONS LS=110 PS=60 NODATE PAGENO=1;

TITLE 'ANOVA.SAS';

TITLE2 'ANOVA EXAMPLE USING THE KOLINEK GREAT MIAMI RIVER DATA';

PROC IMPORT DATAFILE='C:\MyDocs\Class\STA 301\Data\KolinekData.xls'
    OUT=KOLINEK REPLACE;

PROC PRINT DATA=KOLINEK;

PROC SORT DATA=KOLINEK; BY SITE;

PROC BOXPLOT DATA=KOLINEK;

    PLOT TEMP*SITE/BOXSTYLE=SCHEMATIC;

PROC GLM DATA=KOLINEK;

    CLASS SITE;

    MODEL TEMP=SITE;

    MEANS SITE/BON;

    MEANS SITE/BON CLDIFF;

    OUTPUT OUT=NEW R=R P=P;

PROC UNIVARIATE DATA=NEW PLOT NORMAL;

    VAR R;

    PROBPLOT R / NORMAL (MU=EST SIGMA=EST);

PROC PLOT DATA=NEW;

    PLOT R*(SITE P)/VREF=0;

PROC GPLOT DATA=NEW;

    PLOT R*(SITE P)/VREF=0;
RUN;

PROC BOXPLOT DATA=KOLINEK;

    PLOT TEMP*SITE/BOXSTYLE=SCHEMATIC;
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ANOVA ASSUMPTIONS
	
	
	…
	


1.


2.


3.


4.


Alternatively:
(
Yij are independently and Normally distributed with mean (i and variance (2

Yij are NIID( (i, (2 ) or NID( (i, (2 ) or
ANOVA MODEL

Generic statistical model:
ANOVA model:
	Yij = (i + (ij ,
Yij = 

(i = 

(ij =
	Tempij   =   Sitei   +   (ij


	
	
	…
	

	


NOTE:  ASSUMPTIONS ABOUT THE ERRORS
2.
Yij are NIID( (i, (2 )              ((           (ij are NIID( 0, (2 )   NIID = ?
PARAMETERS AND HYPOTHESES IN ANOVA

ANOVA compares the means of the “k” populations.  Hence our parameters and null and alternative hypotheses are:

0.
1 = Mean of the first Popln, 2 = Mean of Popln 2, …,k = Mean of the kth Popln

1.
Ho:  1 = 2 = … =k
2.
HA:  All k means are NOT equal

3.
Set SYMBOL 97 \f "Symbol"
Test Statistic

	Population (Sample)
	1
	2
	…
	Sample Variance
	Sample Average

	1
	Y11
	Y12
	…
	S12
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	2
	Y21
	Y22
	…
	S22
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	Variance of the 
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	…
	…
	…
	
	…
	…
	= MSQ(Btwn)

	k
	Yk1
	Yk2
	…
	Sk2
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	MSQ(Wthn)

= MSE
	


ANOVA TABLE

	Source of Variation
	degrees of freedom

df
	Sum of Squares

SSQ
	Mean Square

MSQ
	F statistic
	p-value

	Between Samples, Model, or Trmt
	DfBtwn 
= k - 1
	SSQBtwn
	MSQ(Btwn)
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	Pr{ F(k–1, n–k) > F}

	Within Samples or Error
	DfWthn 
= nTotal - k
	SSQWthn
	MSQ(Wthn)
	
	


	Total
	dfTotal 
= nTotal - 1
	SSQTotal
	
	
	


The ANOVA Test

0.
1 = Mean of the first Popln, 2 = Mean of Popln 2, …,k = Mean of the kth Popln

1.
Ho:  1 = 2 = … =k
2.
HA:  All k means are not equal
3.
Set SYMBOL 97 \f "Symbol"
4/5.
ANOVA TABLE
	Source of Variation
	degrees of freedom

df
	Sum of Squares

SSQ
	Mean Square

MSQ
	F statistic
	p-value

	Between Samples, Model, or Trmt
	DfBtwn 
= k - 1
	SSQBtwn
	MSQ(Btwn)
	
[image: image7.wmf]MSQBtwn

MSE


	Pr{ F(k–1, n–k) > F}

	Within Samples or Error
	DfWthn 
= nTotal - k
	SSQWthn
	MSQ(Wthn)
	
	

	Total
	dfTotal 
= nTotal - 1
	SSQTotal
	
	
	


6.
Draw your conclusion
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 If p-value large ( > ), then Fail To Reject Ho.
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 If p-value small ( ( ), then Reject Ho.

7.
Interpret results.

SAS PROC GLM (Kolinek Great Miami River Data)
PROC GLM DATA=KOLINEK;

    CLASS SITE;

    MODEL TEMP=SITE;

    MEANS SITE/BON;

    MEANS SITE/BON CLDIFF;

    OUTPUT OUT=NEW R=R P=P;

                                                  ANOVA.SAS                                                  2

                            ANOVA EXAMPLE USING THE KOLINEK GREAT MIAMI RIVER DATA

                                              The GLM Procedure

                                           Class Level Information

                    Class         Levels    Values

                    Site               5    1st-Site 2nd-Site 3rd-Site 4th-Site 6th-Site

                                   Number of Observations Read          20

                                   Number of Observations Used          20

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                                                  ANOVA.SAS                                                  3

                            ANOVA EXAMPLE USING THE KOLINEK GREAT MIAMI RIVER DATA

                                              The GLM Procedure

Dependent Variable: Temp   Temp

                                                     Sum of

             Source                      DF         Squares     Mean Square    F Value    Pr > F

             Model                        4     394.5719700      98.6429925      62.93    <.0001

             Error                       15      23.5137500       1.5675833

             Corrected Total             19     418.0857200

                              R-Square     Coeff Var      Root MSE     Temp Mean

                              0.943759      3.667560      1.252032      34.13800

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

             Site                         4     394.5719700      98.6429925      62.93    <.0001

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

             Site                         4     394.5719700      98.6429925      62.93    <.0001

Conclusion re Ho:  1 = 2 = 3 = 4 =6 ?

OK!  Now what?  What do we do next?
MULTIPLE COMPARISONS

Defn:
A Multiple Comparison is the inference (test/CI) of all pairs of the k means.

Tests of Ho: i= j                 OR                 CI for i - j
Which would YOU USE?  WHY?

Kolinek Data:  How many tests/CI’s are there?
Defn:
The ( 1-)100% Bonferroni Simultaneous Tests of  Ho: i - j  are:

Reject Ho if p-value = P
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Defn:
The ( 1-)100% Bonferroni Simultaneous Confidence Intervals of  i - j  are:
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Notes/Comments

1.
Special BONFERRONI tables to find the “t” value

If only “regular” t table available, the best you can do is approximate the value.
2.
The SIMULTANEOUS means that the probability is at least (1 - )100% that ALL of the Tests are “correct” or CI’s “trap” the true difference of the two means.
3.
k, number of poplns, small (less than 10), BONFERRONI works well

Use REGWQ, TUKEY, SNK, or SCHEFFE otherwise
Our Example (Kolinek Great Miami River Data)
TEST (with UNDERLINE SUMMARY) METHOD
PROC GLM DATA=KOLINEK;

    CLASS SITE;

    MODEL TEMP=SITE;

    MEANS SITE/BON;

    MEANS SITE/BON CLDIFF;

                            ANOVA EXAMPLE USING THE KOLINEK GREAT MIAMI RIVER DATA

                                              The GLM Procedure

                                      Bonferroni (Dunn) t Tests for Temp

 NOTE: This test controls the Type I experimentwise error rate, but it generally has a higher Type II error

                                               rate than REGWQ.

                                   Alpha                              0.05

                                   Error Degrees of Freedom             15

                                   Error Mean Square              1.567583

                                   Critical Value of t             3.28604

                                   Minimum Significant Difference   2.9092

                          Means with the same letter are not significantly different.

                           Bon Grouping          Mean      N    Site

                                      A       40.7200      4    3rd-Site

                                      B       37.4350      4    4th-Site

                                      C       33.5175      4    6th-Site

                                      D       30.2850      4    2nd-Site

                                      D

                                      D       28.7325      4    1st-Site

Conclusions?

CAUTION:  USE ONLY WHEN BALANCED (= ?)!
Our Example (Kolinek Great Miami River Data)
CONFIDENCE INTERVAL METHOD
PROC GLM DATA=KOLINEK;

    CLASS SITE;

    MODEL TEMP=SITE;

    MEANS SITE/BON;

    MEANS SITE/BON CLDIFF;
                                                  ANOVA.SAS                                                  5

                            ANOVA EXAMPLE USING THE KOLINEK GREAT MIAMI RIVER DATA

                                              The GLM Procedure

                                      Bonferroni (Dunn) t Tests for Temp

 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             15

                                   Error Mean Square              1.567583

                                   Critical Value of t             3.28604

                                   Minimum Significant Difference   2.9092

                      Comparisons significant at the 0.05 level are indicated by ***.

                                               Difference

                               Site               Between      Simultaneous 95%

                            Comparison              Means     Confidence Limits

                        3rd-Site - 4th-Site        3.2850       0.3758    6.1942  ***

                        3rd-Site - 6th-Site        7.2025       4.2933   10.1117  ***

                        3rd-Site - 2nd-Site       10.4350       7.5258   13.3442  ***

                        3rd-Site - 1st-Site       11.9875       9.0783   14.8967  ***

                        4th-Site - 3rd-Site       -3.2850      -6.1942   -0.3758  ***

                        4th-Site - 6th-Site        3.9175       1.0083    6.8267  ***

                        4th-Site - 2nd-Site        7.1500       4.2408   10.0592  ***

                        4th-Site - 1st-Site        8.7025       5.7933   11.6117  ***

                        6th-Site - 3rd-Site       -7.2025     -10.1117   -4.2933  ***

                        6th-Site - 4th-Site       -3.9175      -6.8267   -1.0083  ***

                        6th-Site - 2nd-Site        3.2325       0.3233    6.1417  ***

                        6th-Site - 1st-Site        4.7850       1.8758    7.6942  ***

                        2nd-Site - 3rd-Site      -10.4350     -13.3442   -7.5258  ***

                        2nd-Site - 4th-Site       -7.1500     -10.0592   -4.2408  ***

                        2nd-Site - 6th-Site       -3.2325      -6.1417   -0.3233  ***

                        2nd-Site - 1st-Site        1.5525      -1.3567    4.4617

                        1st-Site - 3rd-Site      -11.9875     -14.8967   -9.0783  ***

                        1st-Site - 4th-Site       -8.7025     -11.6117   -5.7933  ***

                        1st-Site - 6th-Site       -4.7850      -7.6942   -1.8758  ***

                        1st-Site - 2nd-Site       -1.5525      -4.4617    1.3567

Conclusions?

ANOVA Assumptions, Residuals, and Residual Analysis

ASSUMPTIONS TO CHECK:

1.
The k samples are random and independent of one another.  (COMMENT!!!)

2.
The population variances ( or standard deviations ) are all equal

3.
The populations are normally distributed

RESIDUALS
Defn:
A residual = sample observation - estimate of the mean of observation.


e.g. in ANOVA:
eij = yij – sample mean for ith sample =        
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	Sample Number
	

	Site
	1
	2
	3
	4
	Sample Average

	1st Site
	29.02
	28.72
	29.1
	28.09
	28.7325

	2nd Site
	29.57
	30.71
	31.00
	29.86
	30.285

	3rd Site
	41.77
	41.99
	41.82
	37.30
	40.72

	4th Site
	38.27
	38.01
	37.85
	35.61
	37.435

	6th Site
	32.74
	33.92
	34.21
	33.20
	33.5175


Residuals, the eij, are approximations of the (ij 

RESIDUAL ANALYSIS
Defn:
A residual analysis is a check to verify that the assumptions in an analysis are satisfied.

ANOVA ASSUMPTIONS CHECKED:

2.
The population variances (or standard deviations) are all equal.

3.
The populations are normally distributed.

Our Example Residual Analysis (Kolinek Great Miami River Data)
Population variances (st devs) equal?

(
Plot residuals against poplns

(
Plot residuals against fitted values


PROC GLM DATA=KOLINEK;

    CLASS SITE;

    MODEL TEMP=SITE;

    MEANS SITE/BON;

    MEANS SITE/BON CLDIFF;

    OUTPUT OUT=NEW R=R P=P;

PROC GPLOT DATA=NEW;

    PLOT R*(SITE P)/VREF=0; 


Population variances (st devs) equal?  Alternate Method

(
Side-by-side Boxplots of Response

PROC BOXPLOT DATA=KOLINEK;

    PLOT TEMP*SITE/BOXSTYLE=SCHEMATIC;
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Populations normally distributed?

(
Normal Probability Plot of the Residuals

(
Tests of Normality

PROC GLM DATA=KOLINEK;

    CLASS SITE;

    MODEL TEMP=SITE;

    MEANS SITE/BON;

    MEANS SITE/BON CLDIFF;

    OUTPUT OUT=NEW R=R P=P;
PROC UNIVARIATE DATA=NEW PLOT NORMAL;

    VAR R;

    PROBPLOT R / NORMAL (MU=EST SIGMA=EST);
                                                  ANOVA.SAS                                                  6

                            ANOVA EXAMPLE USING THE KOLINEK GREAT MIAMI RIVER DATA

                                           The UNIVARIATE Procedure

                                                 Variable:  R

                                             Tests for Normality

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

                          Shapiro-Wilk          W      0.84487    Pr < W      0.0044

                          Kolmogorov-Smirnov    D     0.201965    Pr > D      0.0314

                          Cramer-von Mises      W-Sq  0.152605    Pr > W-Sq   0.0208

                          Anderson-Darling      A-Sq  0.960946    Pr > A-Sq   0.0130

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
   Stem Leaf                     #     Boxplot                           Normal Probability Plot

      1 013                      3        |            1.5+                                  ++*++*+++ *

      0 344446778                9     +--+--+            |                       **+****+**+*

     -0 876430                   6     +-----+            |              * *+**+**++

     -1 8                        1        |               |        +++*+++++

     -2                                                   |++++++++

     -3 4                        1        0           -3.5+      *

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

                                                               -2        -1         0        +1        +2
[image: image16.wmf]ANOVA EXAMPLE USING THE KOLINEK GREAT MIAMI RIVER DATA

1

5

10

25

50

75

90

95

99

-4

-3

-2

-1

0

1

2

R

Normal Percentiles


Example 2
he Federal Trade Commission (FTC) uses “smoking machines” that measure the tar, nicotine, and carbon monoxide in each cigarette.
Suppose the amount of tar (measured in milligrams) is recorded for 25 cigarettes random selected from each of four different brands.  This data is given below.  (Kitchens, 2003)

	Brand A
	
	Brand B
	
	Brand C
	
	Brand D

	0.41
0.32
0.29
0.50
0.48
0.35
0.39
0.47
0.44
0.52
0.48
0.51
0.37
0.40
0.58
0.33
0.31
0.51
0.46
0.56
0.40
0.53
0.59
0.61
0.53

	
	0.43
0.41
0.44
0.48
0.49
0.58
0.35
0.55
0.52
0.63
0.53
0.41
0.65
0.53
0.52
0.44
0.63
0.57
0.43
0.53
0.55
0.68
0.57
0.44
0.38

	
	0.52
0.45
0.60
0.61
0.48
0.47
0.41
0.53
0.67
0.55
0.65
0.68
0.49
0.49
0.57
0.50
0.38
0.56
0.39
0.58
0.57
0.51
0.54
0.49
0.70

	
	0.43
0.55
0.39
0.47
0.55
0.56
0.58
0.53
0.71
0.32
0.46
0.61
0.65
0.54
0.48
0.59
0.47
0.58
0.52
0.63
0.63
0.42
0.38
0.44
0.40



SAS PROGRAM

OPTIONS LS=110 PS=60 PAGENO=1 NODATE;

TITLE 'CIGARETTE .SAS';

TITLE2 'CIGARETTE TAR DATA';

DATA ONE;

    DO BRAND='A','B','C','D';

        INPUT TAR @@;

        OUTPUT;

    END;

    DATALINES;

0.41
0.43
0.52
0.43

0.48
0.49
0.48
0.55

0.44
0.52
0.67
0.71

0.37
0.65
0.49
0.65

0.31
0.63
0.38
0.47

0.40
0.55
0.57
0.63

0.53
0.38
0.70
0.40

0.32
0.41
0.45
0.55

0.35
0.58
0.47
0.56

0.52
0.63
0.55
0.32

0.40
0.53
0.49
0.54

0.51
0.57
0.56
0.58

0.53
0.68
0.51
0.42

0.29
0.44
0.60
0.39

0.39
0.35
0.41
0.58

0.48
0.53
0.65
0.46

0.58
0.52
0.57
0.48

0.46
0.43
0.39
0.52

0.59
0.57
0.54
0.38

0.50
0.48
0.61
0.47

0.47
0.55
0.53
0.53

0.51
0.41
0.68
0.61

0.33
0.44
0.50
0.59

0.56
0.53
0.58
0.63

0.61
0.44
0.49
0.44

;


PROC PRINT;

PROC SORT;

    BY BRAND;

PROC BOXPLOT DATA=ONE;

    PLOT TAR*BRAND/BOXSTYLE=SCHEMATIC;

PROC GLM DATA=ONE;

    CLASS BRAND;

    MODEL TAR=BRAND;

    MEANS BRAND/BON CLM CLDIFF;

    OUTPUT OUT=NEW P=P R=R;

PROC UNIVARIATE DATA=NEW PLOT NORMAL;

    VAR R;

    PROBPLOT R/NORMAL(MU=EST SIGMA=EST);

PROC GPLOT DATA=NEW;

    PLOT R*(BRAND P)/VREF=0;

RUN;

SAS OUTPUT

PROC SORT;

    BY BRAND;

PROC BOXPLOT DATA=ONE;

    PLOT TAR*BRAND/BOXSTYLE=SCHEMATIC;
[image: image17.png]EE]

CIGARETTE .SAS

CIGARETTE TAR DATA

BRAND





PROC GLM DATA=ONE;

    CLASS BRAND;

    MODEL TAR=BRAND;

    MEANS BRAND/BON CLM CLDIFF;
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

                                                CIGARETTE .SAS                                               3

                                              CIGARETTE TAR DATA

                                              The GLM Procedure

                                           Class Level Information

                                       Class         Levels    Values

                                       BRAND              4    A B C D

                                   Number of Observations Read         100

                                   Number of Observations Used         100

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

                                                CIGARETTE .SAS                                               4

                                              CIGARETTE TAR DATA

                                              The GLM Procedure

Dependent Variable: TAR

                                                     Sum of

             Source                      DF         Squares     Mean Square    F Value    Pr > F

             Model                        3      0.09260000      0.03086667       3.72    0.0140

             Error                       96      0.79670400      0.00829900

             Corrected Total             99      0.88930400

                              R-Square     Coeff Var      Root MSE      TAR Mean

                              0.104126      18.08952      0.091099      0.503600

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

             BRAND                        3      0.09260000      0.03086667       3.72    0.0140

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

             BRAND                        3      0.09260000      0.03086667       3.72    0.0140

Conclusions?

                                                CIGARETTE .SAS                                               

                                              CIGARETTE TAR DATA

                                              The GLM Procedure

                                      Bonferroni (Dunn) t Tests for TAR

 NOTE: This test controls the Type I experimentwise error rate, but it generally has a higher Type II error

                                               rate than REGWQ.

                                   Alpha                              0.05

                                   Error Degrees of Freedom             96

                                   Error Mean Square              0.008299

                                   Critical Value of t             2.69403

                                   Minimum Significant Difference   0.0694

                          Means with the same letter are not significantly different.

                               Bon Grouping          Mean      N    BRAND

                                          A       0.53560     25    C

                                          A

                                     B    A       0.51560     25    D

                                     B    A

                                     B    A       0.50960     25    B

                                     B

                                     B            0.45360     25    A

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

                                      Bonferroni (Dunn) t Tests for TAR

 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             96

                                   Error Mean Square              0.008299

                                   Critical Value of t             2.69403

                                   Minimum Significant Difference   0.0694

                        Comparisons significant at the 0.05 level are indicated by ***.

                                            Difference

                                BRAND          Between     Simultaneous 95%

                              Comparison         Means    Confidence Limits

                                C - D          0.02000    -0.04942  0.08942

                                C - B          0.02600    -0.04342  0.09542

                                C - A          0.08200     0.01258  0.15142  ***

                                D - C         -0.02000    -0.08942  0.04942

                                D - B          0.00600    -0.06342  0.07542

                                D - A          0.06200    -0.00742  0.13142

                                B - C         -0.02600    -0.09542  0.04342

                                B - D         -0.00600    -0.07542  0.06342

                                B - A          0.05600    -0.01342  0.12542

                                A - C         -0.08200    -0.15142 -0.01258  ***

                                A - D         -0.06200    -0.13142  0.00742

                                A - B         -0.05600    -0.12542  0.01342

Conclusions?

PROC GLM DATA=ONE;

    CLASS BRAND;

    MODEL TAR=BRAND;

    MEANS BRAND/BON CLM CLDIFF;

    OUTPUT OUT=NEW P=P R=R;

PROC UNIVARIATE DATA=NEW PLOT NORMAL;

    VAR R;

    PROBPLOT R/NORMAL(MU=EST SIGMA=EST);

                                                CIGARETTE .SAS                                               

                                              CIGARETTE TAR DATA

                                           The UNIVARIATE Procedure

                                                 Variable:  R

                                             Tests for Normality

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

                          Shapiro-Wilk          W     0.983811    Pr < W      0.2599

                          Kolmogorov-Smirnov    D     0.066524    Pr > D     >0.1500

                          Cramer-von Mises      W-Sq  0.070506    Pr > W-Sq  >0.2500

                          Anderson-Darling      A-Sq  0.437119    Pr > A-Sq  >0.2500


   Stem Leaf                     #     Boxplot                           Normal Probability Plot

     18 4                        1        |           0.19+                                              ++  
     16 40                       2        |               |                                           +*+*

     14 046                      3        |               |                                         ***

     12 006446                   6        |               |                                     ****

     10 6444                     4        |               |                                   **++

      8 4                        1        |               |                                  +*+

      6 00444604466             11     +-----+            |                               ****

      4 0044666                  7     |     |            |                             **+

      2 00044664444             11     |     |            |                          ***+

      0 44600446                 8     *--+--*            |                        ***+

     -0 646                      3     |     |            |                       **

     -2 66060                    5     |     |            |                     +**

     -4 6644666664              10     |     |            |                   ****

     -6 600064                   6     +-----+            |                 ***

     -8 666400                   6        |               |              ***

    -10 6400                     4        |               |            ++*

    -12 640664                   6        |               |          ****

    -14 664                      3        |               |      ****

    -16 40                       2        |               |    *+++

    -18 6                        1        |          -0.19+*  ++

        ----+----+----+----+                               +----+----+----+----+----+----+----+----+----+---
    Multiply Stem.Leaf by 10**-2                               -2        -1         0        +1        +2

Conclusions?

PROC GPLOT DATA=NEW;

    PLOT R*(BRAND P)/VREF=0;

Conclusions?
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