Lecture 10. Analysis of Variance (ANOVA):
One-Way Layout
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The Completely Randomized Design:
one-way layout
Assumption and Hypotheses
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Sum of squares
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Decomposition of Sum of Squares
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It can be easily shown that the (2)-term is zero, and so the

TSS reduces to:
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Behavior of the Sum of Squares under Null
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Test Statistic : two estimates for O ? (%)
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Conclusion

We have the following F-statistic:
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ANOVA Table of one-way layout

Source of Degrees Variance
variation Sum of squares of freedom Mean square ratio
Among samples ASS k-1 ASS/(k-1) ----(1) 1)
Within samples WSS N-k WSS/(N-k) ---(2) 2)
Total TSS=ASS+WSS N-1
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Example of SAS coding

DATA oneway:

INFUT TRTHMENT § weight EQR:

CARDS:;
L 336 AL 346 A4
B 328 EB 315 B
Cc I0d C EZ9E O

PROC AHOVA:
CLLZ=S TRTHMENT:

MODEL WEIGHT=TRTHMENT:
'ONE-TWAY AMJCOWA' ;

TITLE
RUH:

Z69
343
Z99

proc univariate normal plot:

war welght:
by trthent;

rumn;

Source
Hode|
Error

Corrected Total

R-Sguare

0.602422

Source

TRTHEMT

323 AL 309
368 B 353
293 c 277
SAS output
Sum of
DF Squares
2 9461.08333
iy 4369, 87500
23 14830.95833
Coeff Yar Foot M3
B.615607 21,1230
OF dnova S5
2 q461.083333

L 276 L 306
BE 374 EB 356
C 303 C 320
Mean Square F Yalue
4730. 54167 10.60
445, 18452
E weight Mean
] 19,2917
Mean Square F Yalue
4730541867 10.60

A 310
B 339
Co 324

Pr»F
0.0007

Pr»F
0.0007



On the Degrees of Freedom ()
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Statistical model and H, (5%)
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Appendix 1: On Multiple Comparisons (3%)
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(1) Duncan’s method,

(2) Dunnet’s method,

(3) Tukey’s method,

(4) Bonferroni’s method
« General comment:
 On Bonferroni’s method
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Bonferroni’s correction for the a—level (type I error) for each

comparisons is: a¥*=a + (C,

v5< SAS code example and output:

vc Appendix 2: Chi-square distributions
.yl =2 ; z is a normal variate;
« sum of several independent 1, ;

* functional (distributional) form ;

- gamma function and gamma distributions.



Lecture 10. Analysis of Variance (I1) :
The Randomized Complete Block Design and
Two-Way ANOVA

Introduction
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Data
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Assumptions, Model, and Hypothesis
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Decomposition of Sum of Squares
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- Test Statistic » d.f. & Statistical Decision

% Ho? >TSS € /7> (Trss/o?) ~ 42, v=k-1 w}ék%:}iBlock
2. J 5 > R v e _TrSS ¥ ESS 5 @

ESS ~o?-y2, v=(m-1)(k-1) » B test statistic i{ &_

TrsS /o’

k-1 _  Trss/(k-1) . E
ESS/c? ESS/(m-1)(k 1) b (Dl
(m-1)(k -1)

F

% p-value < ¢ (significant level) = - B reject Hy ©

95 iv e data ( x, 2 realizationsx, )> 3+ & F &2 # p-value >

Block effect

= o B o e-f_treatment effect _F — & 0 & v arguments o

-

1

in» ¥ 1155 block effect £ 3 — - i& ¥ null hypothesis  vs.

*

Hy,:8,=0, Vj
alternative hypothesis { &_ H :not all g, =0
a - i

IR T s

BISS /(m —1) _
ESS /(m —1)(k _1) m-1, (m-1)(k-1)

45 data (realization) ¥ rz;i-%_ reject 2 do not reject Hy -



Notes :

(i) A One-Way ANOVA *# » izenf® 288 % i treatment
mean ¥_% — & > & L r&_treatment effect £ F - & o
(i) @ A Two-Way ANOVA ¥ » 7 2 treatment mean &_

T - & 0 F R treatment effect £ 7 - % > =4 & 5 block
IF] & T oo
(i) £ 4c > ¥ob- BREFZE (40831 °7° » L3 g “H
w”) > Pl three-way ANOVA » g2 = 5% fe two-way
ANOVA g i1 o
(iv) # # one-way ~ two-way - three-way ANOVA iz - = ;= »
A A FRF 0LH regression e R B ID R EE 0 e
7 interaction 73 fcr-i% > regression method 7= 4p % = i{ ©
e w2 d » ANOVA A 47im 4 H £ &8 210 B 2 o
(v) — B treatment f-— i block ¥ 7 — i observation
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SAS code and output

/* Lecture 14: Two-Way ANOVA */
data twoway;
infile
"d:\class\biostat_under_2004\sas_lab\lab07_anova2.dat";
input blk_mwt $ smk_Ivl $ infwt;

/***************************************/

/* Dblk_mwt: block: mother weight */
/* smk_lvl: smoking status and level */
/* infwt: infant birth weight */

/****************************************/

proc anova;

class smk_Ivl blk mwt;

model infwt=smk_Ivl bik mwt;
run;

/*bl nonsmk 3175
bl mildsmk 2750
bl heavysmk 1730
b2 nonsmk 3232
b2 mildsmk 2835
b2 heavysmk 2466
b3 nonsmk 3240
b3 mildsmk 3062
b3 heavysmk 2509
b4 nonsmk 3420
b4 mildsmk 3076
b4 heavysmk 2608
b5 nonsmk 3459
b5 mildsmk 3340
b5 heavysmk 2778
b6 nonsmk 3515
b6 mildsmk 3416
b6 heavysmk 2920*/

Sum of

Source DF Squares Mean Square F Value Pr>F
Model 7 3240694 .056 462956.294 16.66 <.0001
Error 10 277926.889 27792.689
Corrected Total 17 3518620.944

R-Square Coeff Var Root MSE infwt Mean

0.921013 5.605733 166.7114 2973.944
Source DF Anova SS Mean Square F Value Pr > F
smk_1vl 2 2209320.444 1104660.222 39.75 <.0001

blk_mwt 5 1031373.611 206274.722 7.42 0.0038



