NTHU STAT 5230, 2025 Lecture Notes

. =« MH statlstlc combine information of y,,,’s from K tables: ">
Ifmﬁ_l u_ ‘-Docslbactually use onlymmmy 2.21:@6" 2 Ans.No Che(ck
& some Bpcc] _ _ cantinuity corvection (increqsing p-vale,
then some | y“"“ E(y1e) 1/2).1"— more Qhesrygtve, check Sips-7)
g@g@_g Var ~ X L dim (th) - dim( o)
Zk (ylm) - Hua's are nce .
%ﬂﬂﬁﬂl where %M) and Var(yw) are calculated under the H,
ﬂﬁ& o can calculate an exacf p-value for smaller Jao{-m;sthlamlfas
.imﬂ (ot ! ) dataset using hypergeometric distribution ?ffif&g’:_%ﬂ
— useful when data is sparse, under which the X? approx-

many small Ys3a's| imations based onZsymptotlc thm 1s questionable
» MH test is sometimes called Cochran-Mantel-Haenszel test because
a version without the 1/2 is published earlier by Cochran (1954).

* Reading: Faraway (2006, 1% ¢d.), 4.4 (LNp (Dmntmuaus(&@) @ Inanalysis, cannok
|5/”'|' J ~q,) MLM’.M arblbunlymmnga
Ordinal Variables =%
5% the order of categartes
« Some variables have a nature ordemng———wk Qéﬁh!ﬁ m&an;sf:rfhe
: . =2 rwise,we canfmd [N
between categories d,;% 2 ‘E( IE Fa0y) variobies, btk sume mt%_
> e.g., education: HS, BA, MA; inal response [ e 14p5-28

political ideology: VL, SL, M, SC, VC (.  ordinal comariate [z§] >

p. 534

"{h)e ordinal structure not matter when # of categories = 2

a . . ) .
For ordinal variables, can use the methods for nominal variable+
*In | » Treatments for ordinal response (future @ - bed
2-4 lecture) and ordinal covariates are different inear: %;

» Treatment for ordinal predictors: assign each category a scorec-ﬁg%m

like It kind of turns an ordinal variable into a continuous variable} s
dsite > The choice of scores requires some judgment
If no particular preference, even spacing

allows for the simplest interpretation ()
= For interval scales, midpoints of the intervals are often used

» Should check whether the inference is robust to different
2., 50 ht order &
assignments of scores ' d mg EWZ e nominal
deﬁned for] » If qualitative conclusions are changed, this is an mdlcatlo—]
% that you cannot make any strong finding based on scores

» Poisson GLM with® linear-by-linear association for 2-way tables:
» Consider table with ordinal row (X 1) and column (X,) variables N

taklng advantage of the ordinal structure
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N Erowr) ™ assign scores u; < u, < ... < u; to rows, denoted by u(X,) iy =%
__{7 1 —_2< — —

values | u assign scores v; S v, < ... S v; to columns, denoted by ’U(XZ)‘_@

Check LELmear-by _linear association”model; ‘<> istemckion in &nssmGL.M
LNp5-51 <
n.. = log(u. ) = log@ﬂi ) = log(t) + log (i ) + log(7})

use ) 2

;‘f_’-’j@s where u,;’s, v,’s are known scores,

% and yis an unknown parameter
{-

Xa o105\ * Y ~ X+X+U()§)U(X) Sox0 STED] %
» Some notes about y: —opyi ‘E&m-"'gff assaciationy| L 4
= values of Y represents the amount of association ‘
main-effect:

V—O - lndependence =0, ’):i! )’(‘31 check (#) in INp §-34 U Uy 3‘-‘“&
41 . at Mg Tisg. 442
= positive and negative y-r' r<o, iiiﬁ _g( e ;_r :-rs.a‘
= Interpretation of y by log-odds-ratio: £ (Wirg-UD) (—;’-‘?‘
Ez j —z—|—1 J_|_1 ﬁiv‘? ﬂi_‘_l’j_i_l "( Uﬂ"’&' Ua) Cise)
%"uu-u‘ 8 lo—g( T ) B l()_g(u _ ) = LUUg 4 Ll UgorXUillgo Tty
2-Uj=2 f

1

only

—’L J+1l—=i41,5 —E’EEH_L{ res a thei
o for evenly spaced scores, these log odds-ratlos are equa 0—]

5 Called uniform association in Goodman (1979) 4—3’;’{49}&3 N

¢ = Latent (continuous) variable Z motivation for y:e 35k Risson, p 536

2 cannokbel __—= : . (LNp 5-4~5) Or
;"—"‘f—ﬁﬁ%‘_ o Assume TT;’s are obtained by putting mjgl’m ﬁ'ﬂz‘f“m

= (2) canbe . - . . .
t! gv ﬁ__osam a grid on an approximately bi-variate
Information of Z |

(LNP,5-25~2§)»

amodel like
Normal (Z,, Z,) for latent variables| Seo is apro-

Ppricte for a.

N((“ (gt‘&’gg.‘,)) and U, s and v; _s are eutpomt v
) y can then be identified with the _(r= R/

ﬁﬁaﬁ correlatlon eoefﬁelent ,Q of the latent
B

: of-ﬁt what is the benefit of using S, over
**2 1 the nominal approach, i.e., fitting a nominal-

Xi: 7 levels| Dy-nominal model SNXN Y~ X +X,+X,: X3
X2: 17 levels

e As shown in a lab example =(l?m=1‘3¢f Sa.tureated di \ X %
o indep (mhuimgbal model

e Sua|_2 in the NN approach, interaction effects reduce a“"fr"ﬂ,fﬂﬁ 1

10.175 on one degrees of freedom, i.e., the other 35 %
interaction effects only reduce a dev1anee of 30.568 N
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Ordinal-by-nominal model (or nominal-by-ordinal model) - =
Noberow|. \—IoW  “-column(check(D)inp5-3) “-yomr  “—gcolumn [ GLM.
&quma| > Rows (or columns) assigned scores, but column [Xaowa] %"

Vorigbles (or row) variable treated as a nominal VarlableJuSe dummy varigbles
» called column (or row) effects model because the columns (or
rows) are not assigned scores; instead, their effects are estimated
: : : e 1 1 e, cocfiicients
= alternative viewpoint: the scores of the ordinal ¢ immy var
columns (or rows) regarded as parameters (unkeowdy v ¢ g . v

Column effects model: “"‘:Z';’g"r':a"" r— {’mw%m'ﬁqﬁ”“% é = :.2‘;'
Q_J 1og(,u )1 log(tw ) =uly - LD—pmputmnkmf_lm&Q : :
B Xa [ 1 I L U
= log(t) + log(mys) + log(mg‘) +‘@ufm@x 7t e :

X1 as continuous (Scores) = [faj«o|o

where wu,’s,i=1,..., I, are known scores; and fae0 fo

column (th) Xzas (mﬁnamsor-wr_) 320l o o
______ILJ*y] s, j=1,. , are u nknown parameters (over—tl_‘_
°:,f""§ﬂ§"”—“ﬂ”fg‘:9 ) parameterlzed only requires J—1 parameters), fet

' U] in LN
Y~ X, + X+ (X)X, = Spuy (T Som0) | iheibats TG
- d.f. _’TJ_DCH‘ —a_ —rdenoted by Syxg for
> Some notes about y;’s, called the column effects: Tow effects model

2

?—’mmg = Equality of the y,’s (then, u;Xy;=u,Xy) corresponds to g r—
in LNp5-31, . = main effect of
it kecomes | the hypothesis of independence between X, and X, |y e

Oi=- =13=0 . . . o M

= np ater- |@For ordinal column variable, if the model Soxo Were a mm
ackion m

i good fit, we would expect the estimates of the y;’s in So fﬂ-

check (1) l SOX N 1o be roughly proportional to v;’s (e.g., for evenly
in WNp 5-37

spaced v,’s, estimates of y;’s should - follow a linear trend)

Note. Ui's order (b
are frxed p@We can usﬁe estimates of y;’s in Spxy (1) to (Ao)fmmpf_ﬂ

e., under
L ¢’ examine whether the chosen scores for columns in [Nete. InSos,

SOxO (1 e., v;’s) are appropriate, or (2) to possibly zzitﬁhﬂ%ted s

wit-h the

« Some advantages of using scores for ordinal Varlables

et

_d.f.
helpful in reducing the complexity’of of models {242 UL Xy 1-1, %2 J-1 Xa k=1

few but" | for categorical data with ordinal variables AL X ENED
T "y nominal —— Xa'Xa- (I=1XK=1)

sgmi. » especially useful in higher dimensional table | 3fi. x:¥ Xa-(1-XI-IXK-1)
Mwhere a Yeduction in the # of parameters is particularly welcome

» can also sharpen our ability to detect associations
2 Reading: Faraway (2006, 1% ed.), 4.5 CAUNp5-317)eEY G interactions in Roisson GLM
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