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Table 20: Wear Data, Tire Experiment
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« Balanced Incom lete [Not'e In the model matrix (under sum

i | & treatment
Block Design (BIBD) e fhona.

e A BIBD has ¢ treatments, and b blocks of size k, :A oVAI

t > k, each treatment replicated r times, such that FC anova(Y~Bo+B+T) Vv
™ anova (Y~Bo+ T +B) X

SS

each pair of treatments appear in the same number
(denoted by A) of blocks. (In the wear experiment, Source df.

t=4,b= 4k——3r_3andx ) [0 yprBsT] B b1 0=2

. . w:Y~Bo+B [T ¢- 1 a=2

® Two basic relations: r bk'b't+1 G: "
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balanced incomplete block design (PBIBD) (which is not covered in the

book). Tables of BIBD or PBIBD in books like Cochran and Cox (1957).
+ Reading: textbook, 3.8
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Analysis of Covariance: Starch Experiment

e Data in Table 3.34 of textbook (p.129). *"esporse: strength  [1t's a block factor

» treatment r s
Goal: To compare the three treatments o) h (guali bakive) if its _coitmllable
(canna, corn, potato) for making starch 3 Jeyels~ca co, po In modeling and

X is | film, y = break strength of film, (@ covariate analysis, t!: plays
not a covari , thickne a role similar to
fT-d:o N covariate x = film thickness. ThicKness . block Sackor oF
hy?) Known that x affects y (thicker films are (gg___anécl:d:we) :‘;—1
(uy? #* Exp'tal units: a fil There afe cases (n
4“?’E Usu?;lebe: e;ou ?w ?’”"“h is
but are measured after films are made. .Subjed: tom’ ﬁ’e“t'! ag

e Question: How to perform treatment comparisons by incorporating the effect of x?
Model:  yij =N +Y XX+ +&ij, 3 conceptual y Design Data
. —_— —_— = — —_— . re mat"x -
linear effect of X—>(@P (@  model: (SDE| R y 5 Lmetrix

stronger); thickness cannot be controlled

wherei=1,....k, j=1,...,n;,and ¢ : 3
over- \— . = —& 4 B°+.Mﬂ¢ﬁ2. l- ca ”:’ 3 70?0—-‘
poranetesized] T; = ith treatment effect + thicknessg + - Ca-t8e23 111
Xjj = covariate value, + starch + € "CO-£33/.0 80
7y = regression coefficient for the x;; £ 2 parameters Co A58 72
€;j independent N (0,62). =>main-effect- only "PO-$9833 130
e Special cases of the model: model (why?) | Po49733 137

1. When ¥=0 (i.e., x;; not available or no x effect), one-way layout.
2. When 1;=0 (no treatment effect), simple linear regression.

p. 4-41

e Regression Model Approach +{93da @ustuint on &1, Te.

say, Ti=0
4 z y N, v zintercept &
lrefmnce
(ine

Mix=E(Yx) = Z_* +rX slope of w1, x
U x=E(Y2,x) = T+ Tarr X e Ta=Ma,x- M, x
U3 x=E(d3,x)="T1 + T3+¥X | STa=MUax- A%

e Model :
- _ baseline (reference)
yii = M }FYF”QJ'WLSLJ‘; j=1L-13;i=1 (Canna)o———-l
Sunctional| | -1 = - ,
Sorm | 122 — n+f_;+¥><g+g7 j=1,--,19,i=2 (comn) ©)
y3j = (MHEpvpxs;+es, j=1,--,17,i=3 (potato)
- Ti=0-— Matrix] Y =
where 9 treatment codings $o WY=XB+E
! rm [ . (‘f-
¢ Tp 1S set to zero (baseline constraint), - .F model ex (NMHDM)
- Yu 1 0 0 A
1 = 1ntercept, : T -
| Yy = regression coefficient for thickness, g‘.’l’ 190 0Xn n
— Y 11 02Xa
To = canna vs. corn, and : =|: ° < ¢ Ta
2 P ERETAIE + é
| T3 = canna vs. potato. 33-"-?' '];i-_ .]6'. %if'-" 0’3
. 3 3
E——-(Write the model matrix for (6))- : ' . 0L '
(exercise) What i Sum codings areused? | %om| |10 1 %)

e Run regression analysis in the usual way.

0>
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@  Regression Analysis of Starch Experiment P
@: how ¢o perform seguentiall ANOVA for this case ? _
Table 21: Tests, Starch Experiment a ﬁﬁ:ﬂ;%g :h" h
» WILC
- . |’_‘{_’.°P -one test «- Plays a. role similay to
ect Estimate .8 p-value block ﬁ tor in the anal sis,
2 | intercept 158.261 0.88 0.38 buk asually not orth !y
¥ | thickness 62.501 3.66 0.00 @ £o treatment factor.
Ta| canna vs. corn —83.666 —0.97 0.34 Q--E Nl model (6) in LNp &I
Ty cannavs. potato 70.360 1.04 0.30 W)|: model (6) in LNp.¢/
—————————————————————————— with Ta settingtobe 0
E corn vs. potato 154.026 1.43 0.16 both ;d k . -
Ho: Ta=T3 < W:merge T2.T3 columns in X (MM) the terme" a_:xc .'.h"n

e In the table, corn vs. potato =413 — 1, = 70.360 —

(—83.666) = 154.026.

T Uz x-Max= (Usx~l.x)-Wax-d.x)=T3-Ta

e No pair of film types has any significant difference after adjusting for thickness

®: What if we it the model:

Y~Bo+starch+ £ ?

Y= XIBI + X:Bz + 6

® H:Xsz (I-H-)X:Bz@

the variation is explained by the covariate thickness.

1= R

effect. (So, how should the choice be made between the three film types?) Most of

" no signifccant
difference” con
also useful

information for

mo.km_q decision

@ Multiple Comparisons ‘[(D obtain £;j= Zdx AL

e From (1.33) of textbook (p.22),

:c_ngTX)—l.——r

Var(B)

A

Qyx-Acx)
(@) determine critical value (or p-value)

Var(%3) and Var(%,) can be obtained from regression output Table 21 (LNp.4-42).

p. 4-43

‘”cx

XXV (XTX)-:Z;' i

0y

e Using this, for Hy: 7o =13 (i.e., T3 — T2 = 0),

the variance of T3 — 7, can be found as

Var(%3 — ’ACQ)

= Var(3) + Var(%)

I—bt’za——

ti3

(fa- '?z) -0

't33=

—2Cov(13,%2).

®

®

s.e.(Ts-Ta)

e The degrees of freedom for the 7-statistic is same as that of the residuals. The
p-values for the three tests are given in Table 21 (LNp.4-42).

t— Sor specific (¢ P

e For simultaneous testing, use adjusted p-values (LNp.4-24).

t Jor all (£.3)s
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@ ANCOVA Table < Aply seguertial ANOTA 4o the mode]

t Analysts of covariance with covariate  —treatedas block Sactor
and usually not orthogonal
anove (4~ Bo+ thickness, + starch) to treatment Factor.
(M1) &~ Bo Note. covariate must appear
(M2) 4 ~ Bor thicknessy before treatment Factor
(M3) 4 ~ Bo+ thicknessg+ starch P
Table 22: ANCOVA Table, Starch Experiment [ ;n Tab-‘;azu'e
Degrees of  Sum of Mean (LNp.42)
Source Freedom Squares  Squares F
N:(M2) =
W : (M1)—* thickness ey not 1 2553357 255335742+ 94.19
l orthogo-
0N: (M3) starch nal © 2 56725 28362 H)+1.05
WM dnal 45 1219940 27110 T
toF of rest 3
. 0F residuals under (M3) |00~ ...
(exercise) @, What if we use significant

anova (4~ Bo+ Starch+ thicknessg ) ?
Note. It is possible that we are nok interested i
“starch" (¢» block) , butare interested in the
< Reading: textbook, 3.10  coefficient of "thickness" (¢ treatment)
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Example of Split-plot Design: Wood Experiment
% Exp'tal unit : @ small wood panel

e Experiment objective : to study the

¥p water resistant property of wood.

% response ¢
e " Two treatment factors:

— A — wood pretreatments: aj, az;

hom eneous-bl ¢ oo
tel

'mﬂuzé»}@a..bn)-'°(aa,ba) -

(check 2-way layout in LNp. y-15)

. ok i % Design matrix
- B H%t;‘;)les O%Vsetéii Iglv ,e 1,952, b3, ba. pretrega.tmmt B n'g"‘z 'E:tnqx
Lgualﬂ:m‘:tve, 4 levels 3 35 '23 nn
—@) Completely randomized design: randomly §; & *
apply the 8 level combinations of A and B aa 22 oo

% conceptual model : Y4 ~ Bo +
A + B + AxB + £ ¢
e Problem: inconvenient to apply the 1 parameter— T3 parameters T3 parameters ‘_'

g [Q: What does

2
Q: How many times pretreatments (ai or @2) are applied ? E represent :
Ans; gﬁmjei‘fTable 23: Completely Randomized Version of the Wood Experiment %

to 8 wood panels, such as in Table 23.

pretreatments to a small wood panel.

cov(4)=62I

-
SEs Run(EGs) | 2 3 4 5 6 7 [Eles of distinck level
Pretreatment (A) [ai] a ay |ail a2 a1 a1 @ combinations of
Stain (B) b\ by by \by)\ by by by by A and B »
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