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Permutation test: review
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Preliminary

» AESH | AIHA (null hypothesis) & £ = 2 &
CHEZO ol Eot=d|, REES ZEEE 2=U A
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of 2= JHdot] HIME B2 A w=otHLt
S22 AN BHdSAHL, 2HF 22
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Hes 27 48 =22 =48 47 (permutation test)
0|2t &t (Fisher, 1935)
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Preliminary

» Hothorn et al. (2006, 2008)= Strasser &Weber §1999)

9| permutation test 0] %g coin I{ 7| K| =2 2o
coin0| 2F 0| 2 & conditional inferencel| = %! =
2HE =g 7:1788 S 2Ol o Efj O] b0l

independence _test()S SollM & 5 UAS
a2 A B H A Seld 27- 0l tHoll M= AFEAL
S} e|olE = 2t 6t ol o 9] A0l 22 2t <] O]

Ol =
y = == 0lM= 0] ? HA o0 Tl Sol=
mdependece _test() 2= oot WAL S
2125 8140 24 & o 81811} 2125 242 weight©l

blockgt0ll that & 0| 2 o




Permutation test: review

» Data: {(Y;, X;,w;, b;),i =1, ...,n},
X;, Vo =32 X, Y2 e SO0 {9 2=
¢+0] 11, data type= numeric tt = factor
wi: TR 25412 weight, default=1
b;: iHM 2=3L2| block ¢4, default=1
» jH blockO| Ci of HJHA:
Hy:D(Y|X,j) = D(Y|j),j = 1, ...k
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Permutation test: review

r Aotd s ddop| slet SAE:

T:Z?zl 7} € qu)

N———
Mm
xJ
=
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I; = vec (2 I(b; = j)wig(X)h(Y;)'
i=1

h:Y —» RY: 25 gLy S Wetol= &=
» h(Y;) = h(Y;, (Y, ..., ¥3)): influence functionO| 2t 10 & Gh=
O, ;=2 &Z3t0oll= Q| E6HAIRty, Sl Lol = o &

ofAl BB5
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Permutation test: review
> St S block0l] Sot &= =28 2= 8 =9 &
WH blockOll CHoll, h8| ZHF W YEH el SEZ4 il 2
n

E(h]S;) = w3t ) 1 (b = wih(6),j =1, ..k

Cov(h|S;) =
wit Z I (b; = pw;(h(Y) — E(h]$;)) (h(Y) — E(h]S)))’,
i=1
j=1,..k

w.j = Xieq 1 (b = jHw; : jYR block0ll =58k weight2| &f
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Permutation test: review

ik

> jUAH blockoOll CHH, T;Of ZE 245 2 Wl 9f 22 Akl
=
L—)
E(T)|S;) = vec (T 1 (b = Nwig X)ERIS)'),j = 1, ...k,

W.j
Cov(T;|$;) =

Cov(h|S) ® (Z I(b; =wi(g(X) & Q(Xi)')>
i=1

W]—l

1 - n '
“w o1 covlls) ® (Z I(b; = j)wig(xi)> ® (Z I(b; = w; g(Xl-)> ,

j=1,..k

&X:Kroneker product




Permutation test: review

) LE TS0 HE STHT A S W, A}
A SHOIM, SHAE TS ~2HF EH o Y 2}
St 2 EIH blockl] &2 2= &hA

(Strasser & Weber, 1999),
k
p=ETIS) = ) E(T]s)
=1

Y = Cov(T|S) = XF-, Cov(T}|S))
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Permutation test: review

» SH ST eRPIERE BUl= CtHZF SAH 2F S
M,
pq =10|H, B SAH =
Cscalar(T KU, Z) — dlag(Z) 1/2 (T .u) = /\ 6} )
pg > 10|91, 2H =2

Cmax(T U, Z) — max dlag(Z) Z(T ,u) tt =
Cquad(T wZx) = (T —u) Z+(T w = AE

» XT: 39| Moore-Penrose inverse




Permutation test: review

» HIME StOllA], BEHSH S 8l THF E2=
Pr(c(T,u,X) < z|S)

s b =

72 ZMOIR| oH= 2L 4B HA =L W42 Lis
J




" . . O
X:factor, Y: numeric Q| 4%

—nn

W-M-W
Normal quantile 1 1
Location
Independent Median L L #(B)=1, weight=1
#(G =%%‘ Lt
data Kruskal-Wallis #(G) 1 ©
Ansari-Bradley 1 1
Dispersion
Fligner-Killeen #(G) 1

Censoring 2 2R

Censored data Log-rank #(G) 1 #B)=1, weight=1

#(G)__‘T_—_ 2| O K| Cl-/\

- = g o T

Signed-rank 1 1 n =#(B)x#(G) [2x#(B)]
Dependent data weight=1 n
Friedman #(G) 1 #G)=58 28t
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. " L] I o
X:numeric, Y: numeric 1 4%

Comments

Spearman 1 1 #(B)=1, weight=1

Maximally #G)=M=Z2LCIE2 X; =2 =

selected statistic AGH 1 #(B)=1, weight=1




X:factor, Y: factor @1 4%

'n

ol £~
. #O=2AtAd =i e E¢
Chi-square #(R) #(C) n =#(R)x#(C)
#(B)=1, weight=" Yl &=
ind dent #(R)= 27<} i el e Ea
ndependen #HO=2AtH SE2SHL
pair data CHt #(R) #(C) #(B)=Al O1UJ¢OIT;$
n =#(B)x#(R)x#(C), weight="4! 8l =
: : #B)=M OO EL
Linear-by-linear 1 T SHE)x#R)X#(C), weight=41 Bl =
Matched- Marginal 1 #(I) jés) IIXXII;;}% u% :EE 09|| 56/\%'0% L\E)
pair data homogeneity n =% #(B), wagF DR
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" . . O
X:factor, Y: numeric Q| 4%

—nn

W-M-W
Normal quantile 1 1
Location
Independent Median L L #(B)=1, weight=1
#(G =%%‘ Lt
data Kruskal-Wallis #(G) 1 ©
Ansari-Bradley 1 1
Dispersion
Fligner-Killeen #(G) 1

Censoring 2 2

Censored data Log-rank #(G) 1 #(B)=1, weight=1

#(G)__‘T_—_ 2| O K| Cl-/\

- = g o T

Signed-rank 1 1 n =#(B)x#(G) [2x#(B)]
Dependent data weight=1 .
Friedman #(G) 1 #G)=58 28t
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ol-A

surv_test() € ==: censored data

> Ol 0144 2T (p 2 2) o] MEel%))
M= sZetAlE ddot)| § et log-rank
test (Kalbfleisch & Prentice, 2002)
» Data: {(X;,Y;,0,,w; =1,b; =1),i =1,..,n}
X iAW OHADOL S8 08 (X =1, ,p)
Vi it JH A 2f B Z A2
6 tHM WA & S E=H 0 F 2 LIEU = 3
(6; = 0,1)

OI




surv_test() @k==: censored data

Vi) <o <Y A5 E A= LHE HEALZ
) Ylll; ) Ylm . —_Ij_jl_l_ [Y(l)l Y(l+1)) O” /\1 %Eg 'T_'l_‘g:l

Y =0,Yc41) =

> sy =1— Thoy 2 Yy Ol A O EDF 2 o1 O
Mol ~30,1=1,..,c

d =<
4 Sl — —Z;l=1n—h2 —T’—lP [Y(l),Y(H_l))O“/d =S At
NS A0, 1=1,..,c
SO — O
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ol-A

surv_test () € ==: censored data

» Transformations

gX) =X =1),..,1X;=p)),i=1..,n
h(Y)) =
S (sl (G =Y, 8, = 1) + S M 1Y =Y, 6 = 0)},
i1=1,..,n
» R-code

>independence_test(Surv(time, event) ~ stadium,
data = ocarcinoma, ytrafo = function(data)
trafo(data, numeric_trafo = logrank trafo))
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X:factor, Y: numeric Q| 4%

—nn

W-M-W
Normal quantile 1 1
Location
Independent Median L L #(B)=1, weight=1
#(G =%%‘ Lt
data Kruskal-Wallis #(G) 1 ©
Ansari-Bradley 1 1
Dispersion
Fligner-Killeen #(G) 1

Censoring 2 2

Censored data Log-rank #(G) 1 #B)=1, weight=1

#(G)__‘T_—_ 2| O K| Cl-/\

==/ g Ly T

Signed-rank 1 1 n =#(B)x#(G) [2x#(B)]
Dependent data weight=1 n
Friedman #(G) 1 #HO=5dE 28
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wilcoxsign_test () €F==: dependent data

» M= CHE kI Q| block LHO| = & 2 & &
ol 2LE POl M= s2otAl&E 44
(Wilcoxon, 1945)

» Data: {(X;,Y;,w; = 1,b;),i =1, ...,n(= 2k)}

X iAW OHA DL St I8 (X = 1,2)
Yi: i A 2 25 Zﬁ
b: i M A Tt = ot




wilcoxsign_test () €F==: dependent data

» Transformations
gX) =I1X;=2),i=1..
h(Y,) = R-zml(bl = b, )I(Y <Y)i=1,.

P D = YRy N ci 1 [(by, = = b)Yy, — i2|:]l—”IH
block LH of Rle =25 2 2U HALj=1, ..,k

>Ri= _1{1(19 _]1)21 -1 (]2 SDjl)},i=1,...,n




wilcoxsign_test () €F==: dependent data

» R-code
> x = ¢(1.83, 0.50, 1.62, 2.48, 1.68, 1.88, 1.55, 3.06, 1.30)
>y =¢(0.878, 0.647, 0.598, 2.05, 1.06, 1.29, 1.06, 3.14, 1.29)
> xydat = data.frame(y = c(y, x), x = gl(2, length(x)),
block = factor(rep(1:length(x), 2)))
> a = as.numeric(rep(x >y, rep(2, length(x))))
>b =rep(c(o, 1), length(x))
> arank = as.numeric(a == b) * rep(rank(abs(x - y)), rep(_2,

length(x)))

> d = data.frame(d.x = rep(0:1, length(x)), d.y=c(x, y),
block = factor(rep(1: length(x), rep(2, length(x)))))
>independence test(d.y ~d.x | block, data = d, ytrafo =
function(data) numeric_trafo = arank)
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X:numeric, Y: numeric 1 4%

Comments

Spearman 1 1 #(B)=1, weight=1

Maximally #G)=MZTE X;=2 H+

selected statistic AGH 1 #(B)=1, weight=1




max_stat() € ==: maximally selected statistic

» X2 Jlset 2= &2 + 1882
2 U 2, S22 23
RHT0| M2 SUSHAIE U0
2|t M e SAH S 47 (Mdller & Hothorn,
2004)

» Data: {(Xi! YiJWi = 1, bi = 1),l — 1, ,TL}

X;, Y i N A Q] 2tS gk

) X(l) < 0 < X(p) < X(p_|_1)1 /\1§ E}% X9—| &t
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max_stat() € ==: maximally selected statistic

» Transformations

g(Xi) — (I(Xi < X(l)), ...,I(Xi < X(p))) 1=
1...,n
hY,))=Y,i=1,..,n

» R-code

>independence_test(counts ~ coverstorey, data
= treepipit, xtrafo = function(data) trafo(data,
numeric trafo = maxstat trafo), teststat =
nmaxn) a a
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X:factor, Y: factor @1 4%

"

. #O=2AtAd =<

Chi-square #(R) #(C) . —#(R)x#(C)
#(B)=1, weight=" Yl &=
Ind dent #R)=2AHd F T T
ndependen #O)=2Atd FEEHEo
pair data Sl #(R) #(C) #(B)=HM O 9| £E4
n =#(B)x#(R)x#(C), weight=A Yl =

#(B)=HMl A 2| &5

Linear-by-linear 1 1 n =#(B)x#(R)x#(C), weight=A1 ¥l &

. - A 2t ol = Ml Ul
Matched- Marginal #(B)=I x I 21l T 2318 S 2 ¢l

. & : 1 #(|) #(1)=1 x [ 2R+ 2SOl (D4
pair data homogeneity n =2x#(B), weight=1




cmh_test() €k ==: independent pair data

> 3 A =20
=d= d4dob)
Haenszel &8 (
Haenszel, 1959)

» X, YOl 720} 2128 p, g 2N 0] 10, K O] B4
(bbddﬂ4%olﬁﬁi$ﬁfkma?77F“
» Data: {(X;,Y;,w;, b;),i=1,...,n(=p XqXk)}
XL,Y i X,y HENO 2HX =1, ...,p;Y; =
s q)
DI XY H RO S O A

bLUWHXYL“ M| £ 5t block 2H(b; = 1, ..., k)

T
o
S

R



cmh_test() €k ==: independent pair data

» Transformatrion

gX) =X, =1),.., 1% =p),i=1,..,n
hY) = =1),.,1%=q),i=1,..,n
» R-code

> independence test(Job.Satisfaction ~ Income |
Gender, data = jobsatisfaction, weights = ~
as.vector(jobsatisfaction), teststat = "quad")
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X:factor, Y: factor @1 4%

"

Chi-square #(R) #(Q) #(i)#(ZFSx;(cT)EE o 4
#(B)=1, weight="4 91 =
HR)AE R RS RO a4

i HR) HO) S

T T

n #(B)x#(R)x#(C) weight=A1 U

Independent
pair data

I-H

#(B)=HMl A 2| &5

Linear-by-linear 1 T 0 SHB)x#(R)x#(C), weight=41 1 =

#(B)=I x [ 2712 2EEO| & MUl T

Matched- Marginal 1 #(l) #(1)al X 1 27412 DT ol (2 %)

pair data homogeneity n =2x#(B), weight=1




mh_test () @ <=: matched-pair data

» IS Ul A Y o 4 (o, =2 O A3l )
ORPE A0 PSS WD} AO| Y
PO R o= g x q 24K 2T A,

Orlglnal data: {(X I,Yl Wi, b / 1)’,:' —
L' (= q%)}

> X*,,Y7° A XY H AL (XY =1, ..., q)




mh_test () @ <=: matched-pair data

T
I

r FP5d Ul e sgd (52 28 s24d)2
AEE Floll g x q 27t L HEE k x224HH =5
= Al (Stuart, 1955; Maxwell, 1970)

y Y e =0 I/\1 H 2 blocksS L D (k=Y%_ wy),
22 M= LHE F X2l = LIEH
Transformed data: {(X;,Y;,w; = 1,b;),i =
,n(=2k)}
b X (M WKL Set 08 (X1 =1,X;=2,) =
., k)

> Y zUWH MAL 2t=¢k (Y, =1, .., 9)
>bl (HA R A D S5 et blo

ck ol (sz 1 =] = bz;»] =
k)

R



mh_test () @ <=: matched-pair data

» Transformation
4 g(Xl) = I(Xl == 1),l =1..,n
» h(Y) =Y =1),.,1(Y;=¢q),i=1,..,n




mh_test () @ <=: matched-pair data

» R-code

> opinions = ¢("always wrong", "almost always wrong","wrong only
sometimes", "not wrong at all")

> PreExSex = as.table(matrix(c(144, 33, 84, 126, 2, 4, 14, 29,0, 2, 6, 25,
0, 0, 1, 5), nrow = 4, dimnames = list(PremaritalSex = opinions,
ExtramaritalSex = opinions)))

> cw = rep(names(margin.table(PreExSex, 2)),
as.vector(margin.table(PreExSex, 2)))

> rw = rep(rep(rownames(PreExSex), times = dim(PreExSex)[2]),
as.vector(PreExSex))

>y = factor(c(rw, cw), levels = rownames(PreExSex))
> x = c(rep(1, sum(PreExSex)), rep(o, sum(PreExSex)))
> block = factor(rep(1:sum(PreExSex), 2))

> mh.PreExSex = data.frame(x = x, y = y, block = block)

>independence_test(y ~ x | block, data = mh.PreExSex, teststat =
”quad”)
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lllustrative examples

—J

L
Log-rank ocacinoma 35 9| é} Pa}l_

f/n :

Wilcoxon vt o Permutation
signed-rank 4 test01| J | A
Maximally 6;} Pallx_
selected treepipit 86 n/n—f/n > 1.0004
statistic ! =

» 10,000

CMH jobsatisfaction 104 » 100,000
f/f Exact testOf|
. O _
Marginal oreexsex Ao O|sk pgt

homogeneity

\__ -



lllustrative examples

Table 4.1 P-values of fifteen independence tests based on the asymptotic distribution, the number of
permutations(1,000, 10,000, or 100,000), and exact distribution

Data No.  Asymptotic- Permutation-based Exact-

Test, set obs based 1,000 10,000 100,000 based
In case that X is factor and Y is numeric,

Wilcoxon-Mann-Whitney water_transfer 15 0.2207 0.2370 0.2555 0.2540 0.2544
Normal quantiles water_transfer 15 0.2564 0.2750 0.2707  0.2662 0.2691
Median water_transfer 15 0.1573 0.2820 0.2788  0.2828 0.25821
Ansari-Bradley gsid 40 0.1815 0.1890 0.1901 0.1879 0.1881
Kruskal- Wallis YOY 40 4.34e-05 0.0000 0.0000  0.0000 -
Fligner-Killeen sid 40 0.2237 0.2270 0.2267  0.2258 -
Log rank gcarcinoma 35 0.0194 00120 00164 0.0188 0,0182
Wilcoxon signed rank xydat 18 0.03582 0.0350 _0.0424 0.0403 -
Friedman RoundingTimes 66 0.00358 0.0060 0.0029 0.0032 -

In case that both X and Y are numeric,
Spearman USJudgeRatings 43 0.2527 0.2710 0.2637  0.2585
Maximally selected statistic  treepipit 86 0.0001 0.0010___0.0007 ___0.0005 -

In case both X and ¥ are factor,

Pearson’s chi-square jobsatisfaction 64 0.6669 0.6840 0.6893 0.6880 -
(female only)

Cochran-Mantel- Haenszel jobsatisfaction 104 0,3345 0.3400 _0.3337  0.3300 -

Linear-by-linear association  jobsatisfaction 104 0.0101 0.0140 0.0120 0.0109 -

Maxwell-Stuart PreExSex 475 0.0000 0.0000  0.0000  0.0000 -



Concluding remarks
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THANKYOU!!!




