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% Scale2 Ct23 22 U 2IX|2 2/ £ UCh
B YYA S (nominal scale)
B Cl2 £APCIE diAS 4 2 X35t U S E 9jo)
» **%(1/2) “4§m
m 7158t A&, A X|: counting, frequency analysis
» H%i‘,i(ordinal scale)
m RXte -’v‘-M“J 2|o| & x|Y, Aol H| 82 2lo|7t el
W 3tn S, Likert Scale &5
B Order statistics
8 S7HA T (interval scale)
m 212{0| ojo|Jt ot H[ B2 Slo(ot o1 g
w Hof HFol g
m2T,IQ
B Y| 23 T (ratio scale)
u fals LESMEXUIUS
® 7, SFH &, MelMTo= 8N eUS

< Scalmg Methodoll A 71ZF &to] CtRO{Xi= A2 MEH T & 0| &35t0
Hz2| 20|18 71X MZ2 scalingS 2HE W= 7Y
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T L. L. Thorstone's stide rule

“MDS

Multidimensional Scalin 0

A%o 01’ 3 6]y L ALAI(H]-C-A}A H%O _ %%%
A5 SUAE ARSI D) B2 E 1880l o

& 5714 99 MDS)
® Metric MDS: A & B.7} interval scale®] 2] 0] & 7}A 12 Q1 & of A}
B Nonmetric MDS: §A] A 1.7} ordinal scale®] 2] v 9HS 71A) 51 Q)& of AL

% Nonmetric MDS+ Shepard (1962)°ll €] 3t 702, Kruscal (1964)°1 £] 3}
Z A1 22 FYE 1, Carrol & Chang (1970)¢1] &) A g 7]

B Shepard, R. N. (1962). The analysis of proximities: Multidimensional scaling with
an unknown distance function. Psychometrika, 27. 125-140, 219-246.

»  Kruskal, J. B. (1964). Multidimensinal Scaling by optimizing goodness of fit to a
nonmetric hypothesis, Psychmetrika, 29, 1-27.

= Kruskal, J. B. (1964). Nonmetric Multidimensional Scaling: A numerical Methods,
Psychometrika, 29, 115-129.

» Carrol, J. D. & Chang, J-]. (1970). Analysis of individual differences in
multidimensional scaling via an N-wag generalization of “Eckart-Young”
decomposition. Psychometrika, 35, 283-319.
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*» Any matrix A can be expressed as
A=UDV’

where
= D is a diagonal matrix whose elements are singular
value of A
» U consists of eigen vectors of AA’
Describe variables

» V consists of eigen vectors of A’A
Describe individuals
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DATA=
-1.5055 -0.5715 -0.59s0
0.0709 -1.0141 -0.5628
-0.8342 -0.8800 -0.0216
-0.2889 -0.5682 0.1253
1.1497 0.2877 -0.3303
0.2976 -0.0602 0.2232
-0.4770 -0.6379 -1.5234
-0.9111 -1.5496 -1.9811
0.7204 0.2491  -0.6549
-0.4486 0.0415 -0.4129
-0.8658 -1.4450 0.4076
-0.8977 -0.9921 -0.0257

-

.2936 2.5036

Y

$6799

o

-0.5284 -0.1091 <0648

-0.6358 -0.7895 -0.2454
0.8953 6.1840 0.7584
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“DATA=USV’
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-0.0586
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0.049%4
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-0.0307

-0.0840

-0.0805

0.

-0
0

U(100x3)=

0272

.0243
.0709
.04%4
L1002
L0130
L1185
.1123
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.0259
.1414
.0778

-0.

o o
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1464
1678

.0107

0466
1295
0572
0161
0904
CEES

.079%0
.0988
.0187
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S(3x3)=

14.6706 0 0

1] 8.0274 0

o 0 4.5097
V(3,3)=

0.6147 -0.3693 0.6969

0.6212 -0.3177 -0.7163

0.4860 0.8733 0.0341

2005-1205

SNU Psychometrics Lab

2005-12-05




% Any symmetric matrix A can be expressed as
A=UDU’
A=U(DV2DV)U)
A=XX’" where X=UD2

where

= D is a diagonal matrix whose elements are eigen
values of A

» U consists of eigen vectors of A
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% History
» 924 2)8t4HQ] Roger Shepard (1962)7F A &2 2
MDS7] ¥ & 7)at
s Kruskal (1964)°] 2]3}o] o] 23} A4t ¢ Fol A ¢
» Carrol & Chang (1970)°l INDSCAL (Individual

differences scale) model©] 7} ¥t
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2 712 ofol o]
= loss function (Stress)& % 2]
s stressE # 43} 8} configurationd 3ol

Raw Stress S" = ij(d,j —&ij)z

S . )
Stress = T where T = Z.-<,-dij

% Kruscal©] A|2Fs}= stressol] 9] 3 28 o] 47}

stress  Goodness of fit

20% poor
10% fair
5% good
2.5% excellent
0% perfect
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DIsSSIMILARITY, § —

IMPERFECT ASCENDING RELATIONSHI®
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% Gradient descent
algorism (Newton-
Raphson method)

¢ @A) d_hato] B3| A 3}
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n23le] 7178 2 :

. d(stress) ' e

dx
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» Individual differenceZ ¥+ 6= MDS7 14
% Individual differenceE 7 2 8t= F 7} A1 & A7 4 93
» REAT '501]711 %3 mapo] ki 7+

zt 7§ Qdvpe} 25 oh & mapol AohE 74
% INDSCAL-Z common underlying configuration®
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% Canonical decomposition& A&t w& 78
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Object Points

Common Space

Dimension Weights
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MDPref¥ singular value decomposition°l] 7] & &
metric &3 o}t}.

* SAAANS(FEAZE) S & LEXHF o ,
7t A, S. =YX,
71A y & i A subject?] M 3ZEE YER) v b
x =T 3ol A AA 52 A S L}E}‘”‘:}
& BE NAE EFEE Matrixe 2. 8% 3 gl S=YX
< Singular Value Decomposition®l 2J&l S+ _
o 223} gho] 25 B S=UDV’
e ’
Y=UD, 2283 XE V& &93t} o]=OLS §=U,D.V,
estimator 9} Y X gk},
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% Cross-table (contingency table)°l] t g graphical
representation.

=« Contingency table®] 33} & 9] A 3H(association)S FE &3}l
agT 2 T@s5h= 7Y

<+ 813

» Profile: 3 o]} & 2] w3 4] & row profile, column profile,
average profile

s Mass: 2t o]} Holl A profiled AH&F ALell
» Distance: Euclidian Distance & Chi-square Distance
= Inertia

Inertia = mass x distance?

(pi - pave-i)z
p ave-i

=mass x
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% Vertexe 733 Q0 3 profiles&
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f1001[010][00
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% profile point7} vertex® 7} 7}, a3 E .
Folif do] Ao A= et ' .

% Profiled] &2 vertex ¥E9 i
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<+ P37 gl g F BAE ZFAI map
< T 71 2] mapping©} overlapping® Z 22 3|4} 3}ofof g
< 24 A vl e shA] ZE

How is the UN doing in solving the problems it has had to face?

Tocal inertia = 0.1463  Quality = $6.9%

) ey
very
goud oud poer 53 100 © oode B
W.Germany [ 2 J26 (21 6 [ 28 USAe Britain
. o poor
Biwin | 7 (0[]0 |17 Japane
Fronce | 2 {48 122[3 |28 - ' .
e [ 1 [Tl sTa 0, Gormany efont
.
usa[8 Jeslar|u3f10 *Frence

FiguRE 1.3 Exampie 3: A § x 5 1able of percentages (rows sum to 100%) from a series of surveys in five different countries,
together with the two-dimensional symmetric CA map and the amount of inertta accounted tor by the map.
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< row proflle-\—]- column roﬁleol H| & 3} map°i] Xﬂ*]ﬂ‘ﬂ ,,lZ] ki
& F0E AA 3k § /5

< Row$%} column points= mapll A &3 FH 4 AT JER
¥ A At

% F 7HA] map< FAlo EEE F I 27 asymmetric mapS
viZ) = afx °]E}

< A A9 row-to-column distance 34 7}5 314 &t 2y
F 2 ity = B3 98 FAo ST 4 Ak

& gﬁs}ﬂ] o3ld, 3 o A2 symmetric mapol A S BEE 5
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Quality: &l 21 Aol 2] A2 d o1 % coordinate systemell A
row pointE 9] ERE qualityo|t}

42 quality’s 4312 202l AN PES) A A1 8
e S e A 5] A e ol

Relative inertia: Z} 3ol 2] 3} 45 & 4= 2= A A inertia2]
v]-g-o|c}.

FH 4 inertia is A1 B} @ AF 91 2] =9} F- @it 54 & solution
4444°WTﬂgﬂ§$%24(lfh@ﬁwgﬂﬂ7
A=}y, 2 Fo] A inertiaol & @S vz B &4 Qlth (o, a
row point with a pattern of relative frequencies across the columns
that is similar to the average pattern across all rows).

12

JlN rﬂ

SNU Psychometrics Lab 2005-12-05

Smoking category

Staff group None Light medium heary row total
Senior Managers 4 2 3 2 1
Junior Managers 4 3 7 4 18
Senior Employees 25 10 12 4 51
Junior Employees 18 24 33 13 88
Secretaries 10 <] 7 2 25
Column Totals} 61 45 62 25 193

Percentage of Row Totals

Smoking category
Staff group None Light medium heary | row total
Senior Managers 36.36 18.18 27.27 18.18 100.00
Junior Managers 22.22 16.67 38.89 22.22 100.00
Senior Employees 49.02 19.61 23.53 7.84 100.00
Junior Employees 20.45 27.27 37.50 14.77 100.00
Secretaries 40.00 24.00 28.00 8.00 100.00
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Dimension 2

Row Principal Normalization
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Dimension 1
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Dimenslon 1

Column Principal Normalization
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Symmetrical Normallzation
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Eigenvalues and Inertia for all Dimensions
Total Inertia = .08519 & chi™2= 16.442

No. of Singular Eigen- Perc. of Cumulaty  Chi

Dims Values Values Inertia Percent Squares
1 0.2734 0.0748 87.8 87.8 14.4285
2 0.1001 0.0100 11.8 89.5 1.9333
3 0.0203 0.0004 0.5 100.0 0.0798
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* Multiple correspondence analysis:

correspondence analysis& 7 7l ©]4
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EEERRE R By

M4y 1
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SNV Psychometrics Lab 2005-12-05

-25.




Burt Matrix

Survival Age Location
NO YES less50  50-69 69+ TOKYO BOSTON  GLAMORGN
SURVIVALINO 210 0 €8 93 49 60 82 68
SURVIVALIYES 0 554 212 258 84 230 17 153
AGE:UNDER 50 68 212 280 0 o 151 58 71
AGE:50T069 93 258 0 351 0 120 122 109
AGE:OVER 69 49 84 0 0 133 19 73 41
LOCATION:TOKYO 60 230 151 120 19 290 0 0
LOCATION:BOSTON 82 171 58 122 73 4 253 0
LOCATION:GLAMORGN 68 153 71 109 41 0 0 221
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