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= Consider a model with all two-factor interactions
YDX + X, +X +X X +X X + X, X3—S4(

» Uniform association (UA)[conditional independent = uniform association]” ***

53)

= 5, has no s1mple 1nterpretat10n in terms of 1ndependence

Also . fix X

Lecture Notes

%&ﬁ;x ~we have the same association between X and X
1] '3 - b

X &Ry X3 %S asserts that for every level of one variable, say Xj,

e Yo-Bisfied] Y] X, + X, + X+ XX, + X X+ X, Xj PM"ZME checacki
:ﬁhthavemj&r: T S (d\gck*mLpr'B)l
1 A B';“'%;m o For each levels of X, the reduced models of S, have N
Tl 14141 different coefficients for the main effects of X, ‘and X5,
#iiHA I but have the same coefficients for the interaction XX,
43&19.'(‘211-’2;:)

. “(fa-2a) pe.g., [=J=2, same fitted odds-ratlo between
T —lg>1 X, and X for each category of X;. Note that

Bgg=fitted odd-ratio = ———= = == —¢

Y12kY21k 126721k t

%le F“m"f'm U11kY22k  T11kT22k
B
Ea

/\ H\

ame [ X, ] r{]
f"g..%f‘- here 3} » 18 the coefficient of the X, X, term (under"bvg
n p' =
a coding O {+1, —1}) in the reduced model of X;=k. >
« = Q: What does uniform association mean? How to interpret ™ **°
the association? How does it connect with interaction terms?
(addibive effects of X) 7, S5 M o< T (multpicativ effects of X)
interaction and | difference no mteraction n J' Y
(as(si((;ciatien) tnslopes =0 ?- X+ Xa @ xQ(T-ﬂ)XQ OddSYa'hO—lg
.O S ratio e o . ¥
in 2x2 table ?’;&—-—:B 7‘2@3&%%@;@ % "Q_C-}f).ﬁﬂa OddSYﬂt’tO e
sloees Xy¥ Xt XX |what happens if B0 or <c07)
s md&ﬁ [
in 2x2x K table M-B \'
X3=1 :§
uniform .
i m{f%ﬂ ézu \*j;

. é’ﬂ is not saturated — some degrees of _ |
freedoms left for goodness-of-fit test

®——]1JK parameters

'y model

:L:EFor 3-fackor l
(3.&5 gm;@s

3-fi » A saturated model corresponds to a 3-way table with zﬁeren
association between, say X, and X,, across K levels of X;|_ }/
whereas Y ~ l’eorresponds to a 3-way table with constant T—¥
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¢T?FL_.> Q: how to examine whether X, X,, X5 in a 3-way table are »**
testing | mutually independent (.5,), jointly independent (S,), condition-

ual prop- ally independent (5;), or uniformly associated (5,), indivudually?

AE_.J*_@@: Perform deviance-based/Pearson’s X? goodness- A_Ef-:m
of-fit (GoF) tests for S, S,, 53, S, (as Hy), respectively. | GLM

= However, be careful of zero or small yjjk,_(rule of thumb: 20%
of cells less than 5) in the table = there will be some doubt
about the accuracy of chi-square approximation in GoF test

(T)The chi-square approximation is better in %h . |

comparing models than assessing GoF —s $2 57"

@?‘:.nalysis strategy: start with complex Poisson GLM (e.g., &%m
1:55;2::3 saturated one) and see how far the model can be reduced (tdals
= LS - 0 — . . -
cshureted | (e.g., using”model selection or sequential deviance-
pl&ﬂ()"”"- based tests as in ANOVA to compare models). (irsun x. AN
“.® Binomial (or multinomial) |©£ixed originally fixedor|  J#5)
@ madom Mg
GLM approach for 3-way table bt Conditi i Yoo~
. X3 namial
4555 > [y . ’s regarded as fixed, can treat Yy lstsubject 13|2]0t0 |mma
D 4 res dX. X teg ) AdsuRet 2 £ |3 (001 |fmals
o521l as response and X, X, as covariates it g s N

p. 5-28

Q,: what information been gone? Q,: what still attainable?

Ans for Q,: information about T, J—@ote Tija=Tg1i4 * Miis |
about IS

et | Ans for Q2 . information about HE@;] Y,i2 22 B(Yiis. Taics)
7o) Statistical Modeling e ooty Al &, fuchio xzm_x Zl ’
Yege- YQI]"@X& =Y. ~ binomial(gﬂi, T @) when K=2 -»{ (i B=2¢4

ij1
re T Note. Xa(8) appears in respanse. |PE| . nok in
[ oYy, = (V1. - Y0 08 topers 2 resonse (B8], o

e Talig =1, but_~ multinomial(gm, TGV )ij> s T[k:Klij) when K >2
TijMaiij=1 ingenenl| Y T A g — — : :
o) > (): how is a binomial GLM connected (Satiates Xi.X3)|cowriates Xi X3 X3
ot el G

(L $1f- 33
3-97. wheng_gl, 1 - 1:x==x;

to a Poisson GLM in 3-way tables?
. l_fX3 ~1 < 5, (joint independence)

Teegisacon-|| X :
= TN 523~2% = C |smiboverigl| Xoew jt(;),(é
T 97’(‘@ — Wﬁ-l— X 7T++En\i:> ﬂ-ﬁ’ﬂ = T4+k X' Xa =¥ Xa.X3

Talii= Mij+ | o The binomial GLM implicitly assumes an (g

unable touse) association between X, and X, (Q: why?)—sf7 Givs are fixed

to ﬁ —
exam whether| o Poisson GLM allows us to [ Tooreaon)  datn contain 00 information about: T34
.3, X5 are I:Idro the X ,: X, term, but &i",’é"ﬂa‘“{i‘ e Tiges can be a0y form
mutually indep| Arop AN ) L orane: |[ = comesponds to a satmted model

(5522 binomial GLM does notli jae _ 0 \¥pie. 1+kfa*ikaly
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s .g)YX ~1+ X, < X,, X;are independent given X, <
3~ L——-—chcck*mLNps_za — =
”Wzyk' — 7T’lj+7T’L—|—k:/7T’L++ <~ ﬂ-k}”Lj = Tk|i+ J£=—.L&

S 9Q how aboutY ~1+X,7+ X1.X3 & undkion, of X,onl
Q: Can we exam Whether e;ffﬂ ¢ Need X, Xa in Risson GLM
X, X, are 1ndependent given X,? S Tir g% Tve » Tag

(not marginally indep)
Yy~ L+X, + X, £ (Fek m © TMglis e Trog

= . . LNp. . Lo
S, (uniform association)| 5-ag | [£°study Xi:Xa | | Lneed Xy in binomial GLM
= 3 INpE-25 in Poisson GLM|

S gThe saturated binomial GLM, Y ~1+ X X+ XX,

corresponds to a Poisson GLM for different association 1

« Using binomial GLM loses little when we are — -2222

i
ot | 1nterested in the relationship ‘between the r response g .
XiXah X, and the two covariates X 1> X2, and not Malid] ﬁ
i#sarel Thicrested in the association between X and X

(Q: Poisson or binomial GLM approach? Which to use?|Zaswa-=
»®Binomial if one variable is clearly identified as the respons '

» Poisson if relationship between 3 variables is more syrnrnetrlc
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€ « Correspondence analysiserLNp5-13~/7, CA identiftes assaciation (i.e., inzemation 5

in Bisson GLM ) between variables
» Cannot directly apply to 3-way tables="""¢a s based on singular value.

» Can combine two of the factors, say X, and X, into ﬂ,ﬁﬁ‘%ﬁﬁm

a factor with IxJ levels and apply correspondence analysis m.fa%{f

;ﬁgﬁ'ﬁsl on the 2-way table formed by the new factor and X3 pewhud ‘_?31'
‘G'-” » Q: which two factors should be chosen to merge? ,’ﬁffi”,‘g;i‘g

Ans: ple up the two whose association is least interesting to us J:]

. < | 5/ha meping X1 & Xa. becomes difficult to study
= o e
exam

E

b

STy @ smoker | déad | alive | $ij+ ﬂ.al_(-i smoker | dead | alive
A1) age .(.!s
[ ) smoter bemys 5 vesa] 14 [05 Pi09e(an) | “yes |13 Jes7q
e X (: dead | oupger  mo | 7| 114 fo121] (53) — no | .06 |l od3|1
£ Frer
%;";‘;Y smoker | dead | alive | <* >—9.’!£‘___ smoker | dead || alive
— 27 Ves1| 29 | 7 |V 36k(22) s =" 51 L 194 |1
age=65-74 —— — — = = S=2 2 =7 -
oider 1o 2] 101 | 28 ]9129 (78) no | 78 b 2o@1
higher proportion OF young people 28 R T81sd
msmnkgr.(ﬁ’i[la'ﬂ smoker | dead | alive | $a+4+ TTo24 smoker | dead | alive
109/145| =y margina ar g+
=75 Etabl? total over Y8 43 | 102 V145 (37) — yes 30 ] T0eq 1
r 121230 7=2 age no | 108 | 142 [0250 (63) no | 43| s7@1
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