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Hartigan Kleiner (1981, 1984)° 23] #A|td mAlola £ AR 75 24 vl §88 A3 =7
ojct. RAjo|la FER-L WR A9 VIEE ALY Avlel uldA Vet o)s)7t 41 tlolelo] 238 FX
E RASA N A4 Bg-E A AL A U 1R eAd ael 4] 2Elrltk ofd] fele B AFeA B
zola EFojA A (Cramer)d] V ASFE &8 Ao ¢AH A3} vl A-E &85 3379 £43 %
& A| 98t Titanic, Housing, PreSex 5 &7 At 5o &3 75 A A]3c).

FTRE0: RA0IZ ER, ¥ M3l ¥ Ml 2oel v, 201 Ale.

1. H2uEY S5

Hartigan¥} Kleiner (1981, 1984)7} A<}t B Ato] 2 E% (mosaic plot) o] MFEH 59 2123} vy
o2 WS §83 Polzke ol BE AR BARSo| FST Utk BAlo)L ERL 18] 1 WA
Ag MRS W v Fold ARBE 43 EE £H02 thro] FARZE o7 4T 3
HE oA et Friendly (1994)« EApola E30 2343 2FFY AL 371 ¥+ e
A3t 3 Huh (2004)& 7 Ao NIEE WAoo FHH: il Hoz Yehl: 2ajela EX9
gAY e Ade vk Yrk. Ty Bxlela XA ¥ AAFH ok # o Z2A A EAE] Ut
22pela EX9] A B52 HsEY €A% i Ul B S £Ad net 2t § o2, 2"
L1o] AAE 2709 BApola ERE BAL F R4 € d5(= A& $Y89 3 ¥5(= B, )7
ched 9% 220l dsle] 02% 2Rl o 2 A4l Atk WA A%} B 7 BAjeld BRY
The AS) C 2 BAlol2 822 $4HoR AT Weoh Utk £ B A=A, 29 12004 37 WS
2 X9 270 YRS 2 Y 95 2 BAlol2 B2 A 9% 822 Xo] 37) 979 £4F 3
£ 20z 3¢ Aoln 8% S22 Xo| T WAl WA A WA RS 9 Aol Ws X7 ¢
Aol ohd ST A% BFHTFE 2BE B3| Hylo] sk

TAY ARE AT EA AR PH AR FHolu FYHX EXE UFEY Ao Y&t
H2 oF 29 PP AT U5 < | 71 9i} (Hurley, 2004). 859 A=) 29
Q) BAelT BRAME WSEE £AE Do) T B o) ¥4 ) WFEE AL Yo
7b YEH(FER M A9). 8 A7 FAL 2xlela EXoA Wael B ] A3 e Al
sk Aot
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02l 1.1, 2x2 2X0|13 229 $ 0

n

02 1.2. 2 x 3 2X0|2 Z29| £ 0

Y

2Aela EXolA WF £M3lel H 71& TR E Friendly (1994)7h Utk TE EFY £l
wet Rajol2 B8l Reo] YANT AAol e Frhe Aol FRHAT, 24 ¥4e Hrpola
E5E Al = d-3-E A (correspondence analysis)} 131 232 &4% AL Aot 18
37 o)A} o thdlod= B3 l-S-Eo HLE AF3HAT} (Greenacre, 1984; van der Heijden}
de Leeuw, 1985). 12|} tl-3E4 0] AUAEAA WPPolBR A 154 =3H BF 33 AR &
AS 2 bl vk BSo], 87t UFE 37 ol EFE= A, 18 1 HeA R B
Zpol2 EX9 A1 4] FA4Y - EAR 235 A gt

220)4 SRWFE BEEZ = 99 294 & AL hro] EAlol2 B TAWHE B
ok & BRAL sty Whe 243 LuZT WRY 243 LRAZS A Tel1 33
o)A+ Titanic A}&, Housing A}&, PreSex A}& Sof 279 ¥4 W WF 43 ¢1g&2 A&
2Aola EXES AA S WA E 48+ B ol E BT T A7 A E AlAETH

WEY A8 BEXWUSY o9 #AY v ARNsE FAE Aok oA, Az
tstw vjZa] YA} F(UCB Admissions) AlEoAE EZ o] (Admit) 7} EXHF,ZE Fo|A
3 A Ao AUAe] A (Gender)# AA3FHDept) 7 12 H T} (Bickel 5, 1975). A3
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UCBAdmissions UCBAdmissions

Gender
Adrmi

2 2.1. UCBADMISSIONS AL2 2] 2XI0|Z Z2: ApMiT 28

Fe) 9} AT FASt T AF-(PreSex) AteoAe A AEAE](Marital Status) 7} 4 (Gender), T
A9 £4 A #A (Pre-marital Sex), £2| A&7 (Extra-marital Sex)ZH e W& G3ks FHsux}
3t} (Thornes$} Collard, 1979) 0|9} g AFoM WFY A5 AHEE 23 T2 2 2
W (phase) 2 & o] & A& Altsict

FHYE 28 N A3 ZAXT 2B R 7] e Ao R BXjola SRS WE go U IV oif
olct.

a9 212 WEe gtk At (UCBAdmissions) o] tigt 2719] Bjola ERE HoFed, 9%
22 Dept(A, B, C, D, E, F)& 53 W3], Gender(f, m)E 5% W3k, Admit-& 537 W3k =
2 Aotk 28y 8% A2 Dept, GenderE +24Fol ¥3 Admit(a, r)& 53 P & A
olt}. 9% ZEF oA Dept 7 E+ Dept+Gender 23 7+ Admit ¥]-82] x}o]& o7 of )
az L BZ ER A Deptoll W} Admit & F 8 20]7} 21} Dept Woll A Gender 7+ 2}
ol vudE & & AUtk olet Zo] T AcAs 28 SR Zo| RE AYASE 9 P F
I, %EE";—’FE o el T Al Foh

tH, 23 2.29] F R & UCBAdmissions A& 4 4449 Dept?} Gender 7F B L B
ok o] ARdA = ARuLTL 27 RolER WS wAske ‘é AT WE £A5E St W
Z A¥Ae HES gGA AT S Uk & 3Y 229 2EF EXA Male Hjgo] 2 g}
B-A-D-F-C-E <A 4< 944 £ + 3l

o} Z2 AFE EUIR, $E7} AUk BAlo|A SRAA Y W A5 wE e o 2 W
o M3 7182 AW V (Cramer, 1946)0[th. Ex& ¥57)h Qe 9o} gl H-9ol wet ¢ug
Fol v=r}.
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n-min(r -1, ¢c—1)

2 Fosw A4 03} 1 Abole] gk FH &t
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T=
}

VXI ..... XS_I(Y X ) 2 Z p(mh '7x5—1)V(Y7 Xj|x17---,$s—1),

Tg—1

p(z1,...,Ts—1)= X1 = wl,...,Xs..l =zs_1°) T35 ANA wix
VY, Xjlz1,...,zs-1)= X1 :a:l,...,X 1=
9o V. 3" 2 E7E 3 o] 09 W = ‘é%
s7} pold Big X3} AL FE5 I
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B. A%HE X,..., X, AT ABEE A sk A

1) A2 2709} A A9 (51, 53) « argmax;y, j, V(Xp, Xi»)-
Xi3% X5 & vt Xo3 Xjp € wHETh
p-1 VX (X2, X),
..... S VX2 (X0, X,
VXU(X3, Xiy) > V(X Xk*)"]tﬂ J3 — k12 vk 38X %o’ X1t Xo, jiF 3 E
B2 57— KSR Fevh Xa9 X E vk OA WE sE 4R ¥t
2) the Ay ME: 5« argmax;j—s,..p— L VX Xs—l(Xs_l, X;)-
X9 X;: & vlEr). oA MS sE 17 &L
3) s7} pold W A3} APE FEIUTH
%A grow A 2)8 Folxith
dneEE viAY X1, ..., Xp 1 & SAHS AR X, Xe

in_ = et
%o FuAZAH 2AuY V oA e AB4 AEE O B £ Uk 29D 712A
Apola SR FloAIF AR FAF X9 A ZHH FFo|7] mEol xPol 7uke ARY =&
M3}l N1Eo R 3= Ao] AA2Hh o] £/ AR Fx2& Y V Y| ¢(phi
A 4= (contingency coefficient) C, Tschuprow’s T 5-0°| §UA|gt o] Fol|A ] Zol& 03 11}0] 9] g}
ke v e VI 71 A 8852 It} (Garson, 2008).
A 94 UREE AT PUSL 0F YTASE AR F U3 T Bih(gamma) A58
33 HE SAE ol “Z]“’]fl o Y= dhgelty. ExuSe {7 FAQlel £y
H5-So] FeE Xi,..., Xp-1 9 7HR 8
1) X13 X9 iF «A3}%: (#f, m3) « arg maxn, ., v(m1(X1), m2(X2)).
X7 i (X1), X3 — m3(X2) 2 ¥
sE 308 =1}
A7 me(Xik)E X BFEY €48 AAAH=: €9EA(k = 1,2,---) X7t me/he] BE
WEE 2 A% m7) 398 Tee) Bk T8 Xoh 24 95 64 29E 270 4
St gl a8 (X, X)) X X7t 7ot Algrolt} (Goodmani} Kruskal, 1979).

1. (F[12]> Ty (F“?l)
(}(17)(2):: 12 1 )
1. (F[ 1) +104 (F[ 21)
o714 FU2 = {fiP e X153 Xp7b axEe) B7)olm

s (S )

h>i k>j

B.1: ki « argmaxg-3,

yeery

B.2: k3 « arg maxg=3

¥

h>i k<j

I (507) =250 52157 (ZZ “2])

= FU'oA) 9]0} (concordant /discordant pairs) #+9] $ojt}. Tigh, sjF L ALE7L 3
Sl 0% & =& g& 2t BT 022 AF.
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2) X, ¥F ¢33} 7 — arg max,, 'yX Xs- 1(Xs 1, ®s{Xs)).
X —m(X:)R ¥
sE 19 9

o714
'yXl """ XS_I(XS 1, X Z Z p(fl;l, $S_1)7(X5_1,Xj|.’131,...,.’1,‘5_1).
Tg—1
Z, Yo X U(X o, X5)E X1 = 21y, Xem1 = 2510 2 EASA A= Y
X 2 (X0, X 21,00 0e-1) B 23} 4] ZTAYNE p(z1,...,2-1) & THEXE F7

B A N u};-qta X1, ., Xp1v2 BFEY A7 AAAE XT, ..., X, & vHdTh

Z%% A% Atk 71Ee 1 W% oF Hg 27 eHE ge
g 2.2 Z=).

3. Al

3.1. Titanic AI2

Titanic2 E}o|ElY Fof] 5431 2,201 tidt 712 Aot Ao 2FH 47 W4 Class(1%,
274 37 Crew: 53), Sex(Male, Female: A1), Age(Child, Adult: v}e]), Survived(No, Yes: &0
H) Soltt. ClassE €A% BFE 5310 & 29 AL LuelEol upet A9 ] SAE A
gt Zxpola ERS QY REF Tt

=M A: Survived?} #AH AR 2902 Sex7} MHE 1 (Cramer’s V = 0.46) Survived2)
(No, Yes)$} Sex9] (Male, Female)©] o-3-314 Ty = 0.82). Survived?} TAE B4 29
Class©]® (Cramer’s V = 0.22) Class9] 47] ©A18 ¥3E (Crew, 37¢, 279, 1*H) 2 AEE Yt
(v = 0.16). Age(Adult, Child)7} upx|g} WA (Cramer’s V= 0.10, v = 0.35). 23 3.1 &

=,

webd 2m A9 Bxlelm ZR oY t}2y 28 ASL Qold 4 9l Survivedol] BE Y=
A 222 Sexelt}. Maleo] A2E 0] T Femaleo] Ht}h o2 8L Class® AA| A7
(Crew, 37, 2™?, 199)¢] A2 AZRA T Maled| A& 2™ Classe] AEFo] 71 A% Femaleol] 4]
+ 3¢ Class?] AE8o] 7% gkt npAet AL Age2 BE SexxClass?] A 1E0j|A Childe]
AEEo] Adults] JEERT} 3T}

=9 B: Class®?} Sex7} W] A¥= rH(Cramer’s V=0.40). Class?} Sex?] w4 24z (1%,
2m4 374, Crew)9} (Female, Male) ZATHy = 0.66). Classoll 0] Ages} )3t 32(Cramer’s
V = 0.22) (Child, Adult)®] <47} HArH(y = 0.33). 23 3.2 Z=.

ulebs] |9 B BEAtolZ EXCERE v 22 AES Dobd 4 Utk Sex$} Classe] QA4
o] ZA 7P Vgt &, Female2 Maledl] 3] AR o2 15 Class9} 2™¢ Class9] vl&o] dA)s}
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Tianic [1]

Wi Frfrasie
= s
=} =
] [ 5]

Sex Sex s Class

=
D
=
z
=2
[F32

Sexf Class / Age

38 3.1. Titanic A20AM SH SurviVEDS} 37 Mg 4 2t OXO|3 28

A & WA Crew ul&o] A7 2t} Sex+Class A Fo|A Child7} 23] ZAG Q= Ae] 274 9
t}(Female Crew2} Male Crew).

Titanic 242 E & APsH= I YR (log-linear model) & Class+Sex+Age, Class+Sex*Survived,
ClassxAgexSurvived 52| 3-89 45 38& TH3= A2 JEIITHG? = 1.69, AG=E 4, p-Ft
0.79, AIC = 57.7).
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Titanic [1] Titanic [2]
fende Mo amféﬁﬁ’_qT ¥l
® # |
f & g H
o a
f: 7
i 5
Sex Sex! Age

032 3.2, Tiranic AIE0IAM 30 AEHS 2 X013 28

il

3.2. Housing A2

Housing A}2= 727F¢ AFA2HE Sat(Satisfaction, BEX), Infi(Influence, FFH), Type(FA
e)), Cont(Contact, §EA)S A3 zkZ 0|t} (Madsen, 1976). ©] Fol|A E&M4Q Sat+ Low,
Medium, High 5 37} ¥32 ZAH It o5 A3 d¥¥s2 Infl, Type, ContE &=
4 Infle Low, Medium, HighZ, Typex To(Tower), Ap(Apartment), At(Atrium), Te(Terrace) £,
Cont= Low, HighZ FAI= o gl

29 A: Satet A B Y= AR 2907 Infirt AHE QI (Cramer’'sV = 0.18) Infle}h
Sat9] 37] HEE 2E Low, Medium, High® £43HtHy = 0.33). t}2 22 TypeZ} A9
5|0} (Cramer’s V = 0.14) Type2 47] 3= Te, Ap, At, ToZ FEHTHy = 0.22). wALL2
2 Cont7} Low, High®] €42 E°]-2t}(Cramer’s V= 0.18, v = 0.24). 1% 3.3 I=x.

Wi FW A% EAlel3 BROIH T AFES & 4 vk UEEY BY Y= ¥hE A 3
2 (Infl) o] 5 Th&o] FA e (Type) o)1 whABe = &4 (Cont)oltt. Tl 4%, 7AFe)
Te, Ap, At, ToS] £42, §540] 348 WEE7} ant

fr o

=9 B: Typed Cont7} 748 2 A% A4 L et (Cramer’s V=0.15). Type+= Tower,
Apartment, Atrium, Terrace®] £419 ®) Cont+ Low, High?] ¢4 uf A4 7M¢ A
tHy = 0.23). Contoll £o] Infi7} Y& (Cramer’s V=0.10) High, Med, Low&] £A{7}
HtHy = 0.16). 1% 3.4 HZ.
weld 23 Be BAlo|3 ZRoA T AZES € 5 Utk FAFHY FEA] A% dBxTt A
o, ZAYYEE FEAT 9F¥Yo| A= gtk & Tower, Apartment, Atrium, Terrace®] &
2 J&A o] an HEAo) F4= JeHo] A2 Ao it}
Housing A28 Z H¥st= 2I4FRHPE & AT Sat+Inf, SatxType, Sat+Cont, InflxType,
InflxCont, TypexCont 5 2= 2-2 91 A& 22 o] A= 1 F33-2 ¢ 45 2§ TypexCont+Sat 7}
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Housing[1] Housing[2]

L Sbcicen g

At

influencaType

Influence/TypadContact

i

22 3.3. HousiNG AFZ0IA 23 Sar2t 370 dYeis 2t QX013 22

A ATHG? = 31.8, AHFE 34, p-3 0.58, AIC =107.8).

3.3. PreSex A2

PreSex z83= 1,036ollA ZALSE 47] ¥4~ Marital Status(ZEAE}), Extra-marital Sex(Z2]A
#7), Pre-marital Sex(ZAAWBA), Gender(A)Z FAHo] Ut} Marital Status?] BF= Di-



884 0I2%, 5lg2]

Housing[1] Housing[2]
To Ap Al Te: oo B .
g g
5 |5
o i
& B
x F
Type Type { Influence

d
o
[
'S

. HousiNng At20)M 371 dEHS ZF X012

il

B

vorced9} Married, Extra-marital Sex2} Pre-marital Sex2] ¥FE Yes?} No, Gender? W =
Women3} Meno]|t}.

=W A: 37 Q¥4 Marital Status®} 718 34 #3€ 2 92 Extra-marital Sex©]tH(Cramer’s
V=0.24). F ¥ HEEL (Divorced, Married) 2} (Yes, No) 7} t-2-3 ufj Ztu} zto] 713
At(y = 0.70). o]ojA === M= Pre-marital Sex©l 2 (Cramer’s V=0.20) ¥ F &A=
(Yes, No)olt} (y = 0.46). v}X] = M4=¢] Gender:= (Women, Men)$] 42 3}3ItHCramer’s
V=007, v=0.12). 28 3.5 Z=.

webs 38 A9 RAte|a ERoA tE AER ¢ 5 Uth Extra-marital Sex 33 ZEClA
Divorced ¥]&9°] ¥ Extra-marital Sex £33 IF|A+ Divorced v]&o] ¥t} (Married Hl-&
o] &r}). MFHe =z Extra-marital Sex = Yes®} Pre-marital Sex=No TIE9|A] Divorced H|&
o] 7} &3 Extra-marital Sex =No2} Pre-marital Sex=No 2894 Divorced 8]&°] 7}F 2}
(Married v]-&°] 7} 3t}). Extra-marital Sex2} Pre-marital®} zt Z3o) A Women2] Divorced B
€0] Men®} Divorced ¥]-& X2t} =}

= B: Gender®} Pre-marital Sex®] A% dA#Ade] 714 =2A| veEPGTH Cramer’s V=0.27).
Gender2} Pre-marital Sex®] €47} Z+Z} (Men, Women)3} (Yes, No)¥ ufl Zu} gho] 713
ZHtHy = 0.58). Pre-marital Sexol €] Extra-marital Sex”7} (Yes, No)9 A2 AYsR
tH(Cramer’s V=0.24, v = 0.56). 18 3.6 Z=.

wEtA 2E B Bl S 3 A o)L AFRES & 4 9t} Gender} Pre-marital Sex?] g4 o]
FE At (Men 2594 Pre-marital Sex #7343 H]&°] 232 Women 15 Pre-marital Sex 37
d "]&o] Zt}). Gender 15914 Pre-marital Sex 7 33} Extra-marital Sex g o] &3t}

PreSex Ao 2482y Ast A3} M+ Ex P, M+G, ExG, PxG 5 3 7]9] 3-89 A+
3383 A A9 2-29 45AEES 2= Yo HAH oz YehgtHG? = 0.76, ARE 4, p-F
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PreSex[1] PreSex|2]

Wes Hoi

Martal Status
Maritsl Status

ExtramaritatSex ExtrasnanitalSexPramantaiSex

Marital Status

ExtrameritalSex PremaritalSex Gender

328

L

% 3.5. PreSEX AL20AM MARITALSTATUSZ} 37| HEHQ QI 2t X0}

0.94, AIC=24.8; 9714 ML Marital Status, E+ Extra-marital Sex, P+ Pre-marital Sex, G&

Gender).
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PreSexit] PreSex[2]
Wen Ve Vax W\m Vet mmh
¢ §
Z :
2 z
-] ]
s $
N &
2 g
Gender Gender J Extramarital Sex

2] 3.6. PreSEX XI22| 374 4HRQI 2t 2X0|A

Ml
A

[=3
4. U"—._—j

A
ng

2304 A AFY "‘/‘1-‘4 L1 E&E A sPEA g FA e A= Cramerd] Vo, BE <4131
°ﬂ A= 7t Alg yoll 9E&3 vt ot 23y Cramere] VE 35 d#/d(nominal association) &
% shto ] ZJ‘”]’ AL vE &4 ABA (ordinal association) E& % shtoltt. o] AF M= Vel
’Y°“ 71%kst A3 T B3 A3 e dFsiled 3 £ ol 2EAQA At 983}
.
o] AT W ¢=AE AhAA kg Ag7kR] EF0) ¥tk 22y} PreSex Al I9
A9 A% i 2t M E Gender?t 0] 2 WA Cramer?] V7 0.070] 21X+ 5 54 Ad¥sE 22
ol3 ZRA 744 719E E3h= 71 Uk ek 4A 2 & uAE Hgee LA g%
£ 3h= 210 £& Zojtk. FF o]o tiFt A+t st

o2
A

k|
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Ordering Variables and Categories on the
Mosaic Plot

Moon-Joo Lee! - Myung-Hoe Huh?
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(Received May 2008; accepted August 2008)

Abstract

Mosaic plots, proposed by Hartigan and Kleiner (1981, 1984), are very useful in visualizing categorical data.
In mosaic plot, multi-way classified cell frequencies are represented by rectangles with proportional area.
The plot is easy to understand while preserving the information contained in the data. Plot’s appearance,
however, does change substantially depending on the order of variables and the orders of categories with
variable put into the plot. In this study, we propose the algorithms for ordering variables and categories
of the categorical data to be explored via mosaic plots. We demonstrate our methods to three well-known
datasets: Titanic, Housing and PreSex.

Keywords: Mosaic plot, ordering variables, ordering categories, Cramer's V, Gamma coefficient.
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