M@D?ﬁm /f S\mo@:mm kgv\ \.wwﬁﬂca%\ L L

<) %S,N CE dve «Tiﬁ.%},ﬁ
) \meﬁ,mﬂr H (s %\3,\&\@ s due X\m& Morch &

q@oy\_ msqﬁ oqm Nmn\mo\ M\:QQEJ\@@?\ (T Nmaﬁ
Ziﬁ)ﬁx [ .

& W_..:.LQ SSE\N«V
qv W&%w:m\ _,:cv\Tsoer nfi\.so,w\T

Q,v nm | My “ *PsmocV ﬁs %mﬁm;mm _\; Hs ,Td LQP,.T,G s
@v Mqrm/\ 5 w\f <o~05wlﬂ.~m% <)orS/nwAc 1248 L\Nao% Tﬂ. ?\\ \QDM*\EQQ mo§\udw.



g1 T
\\mxg Ke nten  Feod Qes\%ﬁsv& G5 9, ws&\i&q?\ Cr
ﬁm:l P = _\cf HM\;.W . .\C,P..\J kl\f. &UV Nm.@%ox& minvs

- "0 Q?.Tvosw/v
. T Y. Y. Yo + Vo
Ts&r w@% L = 4\_\\.%:\@1 - = %\*
1& £ 145 13,4+ 11, &
2_5 ASSES,N i +
5. 8b ~ _ -
_ . \Nmb.w - N\bau - Wn NI.,m

—

Ngmu\\ ..T.,sfm w< APUc.\RL
5C

and S Ahd Jaadiay T L4971

The eritieg | masv%as$ %?\ ‘A st&ms% ts .ﬁm\.wm)«.ﬂk\\m\\
ad the lowance i 2.3y L49FH = 319

The 95% CT for L i Tm e, ;:5
One Conclsion s That we are 95% QS@%S* tﬁ* 10- Slwgs,,:%r@.m

add_o . L

|+ 4 N .
/\o% / 5 70 and /\pq:v..,,zvn

S )
~O )R,

At st Sliab4ty.



Assume we are given a one-way ANOVA setting with cell means wu;,i =

1,...,r.
We define a linear combination Ltobe L = >"'_, cij, for some set of constants
ci, with no restrictions on the ¢;’s. CC, =, ensr

Examples The three examples for the Kenton Food Company that we just
discussed are all linear combinations of the cell means. Set of cell 3@,&“%:\&%&

Ex. L P s O'piF Orfizt Ocpy Ly BX. L ?\kwu.m?i\@in w\\;w»w%pf

EX. 3 below Co. Ca  Cs = Cy
A contrast is any linear combination of the cell means E:mmm the constants
sum to zero. EY, Kentos Check  whether Y c: = O

=]
Examples L o |
+ A single cell mean g'is not a contrast 2 < OF04 O 1 =120
el

- Any pairwise difference is a contrast. ¢4 - P YT L+ OO = O
« Another contrast:
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Need for Simultaneous Inference in One-Way ANOVA
With r groups, we are interested in up to (;) comparisons of means, and

may be interested in other contrasts as well. mm:s\?m stpz.m@ no
los\ EPSN W&ﬂéﬂmm ﬁosxuo(j,wo;w Qre %rfxw m _ m ¢
A with r gro there Gre A,wva i AN
hewer, ~ rnvﬂ Cﬂm» . r 2 NwAﬁubW .
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Methods are needed to control the family-wise confidence level or
significance level. In experimental studies, this makes conclusions more
interpretable. In observational studies, these methods make data
snooping possible.
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We will consider three multiple comparison methods:

1 Tukey’s studentized range, for all possible pairwise comparisons.
Useful in practice. Has to be tweaked to handle unequal group sizes.

Nm&c?mm a war_oS nm\%\ %mmwms — ol ny most vm Q@C?.»&
Qm@\ This s%tém\ doesa' T QELN *o 113 X.@l}% mx@\ﬁ\w\@

2 Scheffé method, for all possible contrasts. Amazing that such a
method exists, but the intervals tend to be very wide.

3 Bonferroni method. Useful, flexible, easy. Requires that you specify
contrasts to be estimated in advance of getting the data.
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Tukey Studentized Range Intervals

Consider the usual one-way ANOVA model with r treatments, and
suppose we want to do (}) tests to compare pairs p;, u; for all i # j, and
also to get CI’s for all possible differences p; — p;.

Suppose the sample sizes are all equal, and let » denote the common
value.
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The Tukey method is ideal for comparing all pairs of means, when sample
sizes are equal.
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Studentized range distribution Prob PN:. \\1 *\ \w pn\& rovnd
Suppose:

> Y., Y,,...,Y, are independent and normally distributed with mean
and standard deviation o.

» The statistic s? is an unbiased estimate of ¢2, is independent of the
Y’s, and the quantity vs* has a x? distribution with v d.f..

Let R = max(Y;) — min(Y;) be the range of the Y’s.
The studentized range is

R
q = —
S
The distribution of g depends on the parameters r and v, is available in
tables and in software.

Example For r =7, v = 21, the .95 quantile of the studentized range

distribution is:
nmtan

> qtukey (.95, x=7,df=21) For  the std rive distr
[1] 4.597302 o 0=t and dE =2l
15", ot Hae L?TJ b hetueen
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Pairwise comparisons of means
r groups with n observations per group, MSE estimates o?.

We want to give a confidence interval formula which used the standard
error of the difference of means. Recall:

SE(Y;. — ¥;.) = VMSE4/ =

The Tukey studentized range method for all pairwise comparisons of
means forms (}) intervals as follows. For estimation of n; — p;, take

D=Y.-7,

THE WAY
TO CONSTRVCT | —7
TUKEY (T

A 1 - — —
D+ NQC —a,r,nr —r)SE(Y;. — Y;.)
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