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Table 2.} Tadle 2.2 —“.
Matrx  ndafisn 2o ch Y 2
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e on  wdicahy vwekrix cpv s rv o
We need Lot L A prw o
: cew bp v 1
AE g ?\ a pv P
Yor warvlds v e Qk m"u m
tzble 2.1. q v
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. o Example of dats matrix H. b .1. u 0
O ' + 3?:& . b m
cp v
A- d@ﬁ X cC p W “
s o ooy SRR
crv o
labe | pyr] uvu I M
' 100 ivo |\l 00 \ " rov “
1| ovo o_oJQ. o U.oﬁyﬁu b gy 1 .:.,::.
3 100 Lo o J& A* el i cpv 2 Profile frequency matrix.
oV 1 va\o —
Yy 100 100 n—.w 00 C\Snfw\f.w. g%so&m Table 2.3.
(| olo _.”lo o) O Reduced profile frequency matrix.
6 |oot ,
to0 g © (] .
oo Qn wheany
w 100 100 |08 o On_nv (0 A "
Y| oo to © 0—”’ fn(ﬁr\fbﬁz\%pit_n (ie- Table 2.4
]
ol oo 1 LX) (O Cress +«e€.ﬂuv. . . L
@PH\ @—_ mtﬁcf [] 300 [] 201 ? 000
» 000 [ ] 110 (] 0 00
< 000 < I I c 000

e
<
<

.;.« 1\ S 3 0o§m%o wmdicolor patvin becauye

Table 2.4. Nigher dimensional cross tabulation.
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Table 2.5 Table 2.6 .ur
abec pqQr uvw . .
””“ ”“_ ““ Perfeer Mol 11 ey watZ Feoni
100 100 100 wo»o 110 onu
010 010 o010 c 002 200 o020
100 001 010 P S12 800 3so0
“._,” “”” ._..-.” ? 100 001 o1s m,_‘: ¥m) .m-&.?¥~ ﬂh 4% 3
u 300 300 300
loo 100 100 D3ir s e Cfye cor = G Y =

100 100 010 Table 2.6 Matrix C of bivariate marginals.

loo 100 oo (x) r?x\?&._;.v 3IY,,Y. >

Table 2.5 Indicator matrix & Table 2.7 D_,ﬂ. « . 0343. = X
for data matrix H of table 2.1

abc¢ pQr uvew
a 6§00 000 000 . . —
b.o20 gga oo0 b summay  (X;Y,,..1) ‘o pefet | fF
p 00O 800 000
1 980 1o sod X<C¥e .. .Gn.¥n
uw 000 000 300
vy 000 000 070 -
w 000 000 000

Table 2.7 Matrix D of univariate marginals.

Table 2.8 . o d J .ﬁw

8 bcdetr T U R A MM 4~ n ‘ 5

old 10000 ¢ old 10 01 01 01 01 01 ON = m M *U*
1100808 10 10 01 01 01 o1 wes ¢ 46 o B )
e1110098 01 10 10 10 01 01 J g
e 01110 01 01 10 10 10 01

now 00 0111 new 01 01 01! 10 10 10

Table 2.8A. Incomplete indicator matrix. Table 2.88. Completed indicator matrix (C,Sk? N *N.g .mg
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Price Gas Weight
Chevette 5.6 6.9 9.7
Dodge Colt 5.7 ° 5.1 8.8 ecC b EM .
Plymouth Horizon 6.3 5.5 9.9 W «N&
Fort Mustang 7.6 6.7 12.0 = 2
Pontiac Phoenix 8.6 6.9 12.1 . tﬁ
Dodge Diplomat 9.4 10.2 15.5 © CQ\%.
Chevrolet Impala 10.1 1.5 16.9 ! ® \\\\\\n
Buick Regal 10.5 7.8 15.0 .P —
AMC Eagle 10.7 1.7 15.7 []
Dldsmobile 98 13.3 8.7 18.3 N / / ,‘_L.t) )
AL <
table 1: Car data. C NA ﬁﬂ\u SJBR a% ,‘\r\t.\{_
*
Chevette 1 1 1
Dodge Colt 1 1 1
P1ymouth Horizon 1 1 1
Fort Mustang 2 1 2 3
Pontiac Phoenix 2 1 2 ® PH o 00 @ =
Dodge Diplomat 2 3 2 é At
Chevrolet Impala 3 2 3
Buick Regal 3 2 2
AMC Eagle 3 k) 2 figure 1: 1 i i i
Oldsmobile 98 2 2 3 gu 0ss variable 1, .1w_~q-qw solution

table 2: Car data, discrete.

Chevette

Dodge Colt
Plymouth Horizon
Fort Mustang
Pontiac Phoenix
Dodge Diplomat
Chevrolet Impala
Buick Regal

AMC Eagle
0ldsmobile 98

Db
2 AE
M
PP

O

—
MO NN LW - &

OV NV & W -
OWOWNEW=N

—
-

table 3: Car data, ranked.

cC
1®0c Cl R

figure 2: loss variable 1, optimal solution
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H_ 1"y M& ue—:‘

Variables Categories 8 codes object diml  dim2 category diml dim2
Thread Yes = Y No = N. TACK 0.75 0.46 1y -0.96 -0.15
. - - - NAIL1 0.68 0.47 IN 0.96 0.15
Head Mwnwsuuw |n“v U Cone O Round R NAIL2 0.96 0.52 IF 090 0. 5¢C
: NAIL3 0.96 0.52 20 1.16 -1.06
Head indentation None = R Star = T Slit = L. . NAIL4 0.96 0.52 20 -0.70 -1.64
- - NAILS 0.96 0,52 2R -0.91 0.30
Bottom Sharp = § Flat = F, NAILG 1.00 -1.69 2y -1.12 0.36
Length (in half inches). NAIL? 1.25 -0.74 N 0.96¢ 0.15
- - NAILS 1.25 -0.74 ar -0.38 ~3.96
Brass Yes = Y Wo = N. SCREW1  -0.38 -3.96 3L -1.02 0.19
SCREW2 -0.85 0.23 4s 0.43 -0.08
SCREW3 -0.91 0.26 4F ~-1,28 0.25
SCREW4 -0.57 0.28 571 ~-0.3¢ 0.31
SCREWS -0.63 0.31 572 0.44 0.44
BOLT] -1.31 0.38 5/3 1.25 -0.724
BOLT2 ~-31.10 -0.51 5/4 -0.60 0.24
BOLT3 -1.30 0.40 5/5 0.31 ~-2.82
Object 1 2 3 4 56 BOLTA  -1.30 0.40 (31 0.5 0.39
TACK N F B 6§ 1 N BOLTS -1.30 0.40 (1] -0.11 -0.08
NAIL1 N F N S 4 N BOLT6 ~1.30 0.40
NAIL2 N F B 6§ 2 N TACK] 0.93 0.67
NAIL3 N F N 68 2 N TACK2 0.93 0.67
NAIL4 NP R S 2N NAILB 0.93 0.67 Table 3.14B Hartigan's hardware
NAILS N F NS 2 N SCREWB -0.54 -0,44 category quantifications
NAIL6 N U R 8§ 5 N
NAIL? N U N S 3 N
NAILS N U R 68 3 R
SCREW1 Y OT 8§ 5 N Table 3.14A Hartigan's hardware
SCREW2 Y RL 6 4 N object scores
SCREW3 Y YL 8 4 N
SCREW4 Y R L 8 2 N
SCREWS Y YL 8 2 N
BOLT1 Y RL F 4 N
BOLT2 Y OL F 1 N
BOLT3 Y ¥ L F 1 B
BOLT4 Y YL F 1 ®»
BOLTS Y YL F 1 ®m
BOLT6 Y YL F 1 B
TACK] N F N S 1Y R
TACK2 A variables atmi aim2
SCREWB Y O L 8§ 1 XY Thread 0.930 0.024
Read 0.951 0.63S
Head indentation 0.945 0.682
Bottonm 0.546 0.020
. , . Length 0.292 0.819
Table 3.13 Hartigan's hardware Brass 0.064 0.032
Eigenvalues 0.62) 0.368

Table 3.)JAC Hartigan's hardware
discrimination measures
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ns of the configuration. Am-
by using an outside criterion,
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Nevertheless the solution s
wp numbers given in the data
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»dimensional representation
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1w 3000 0.100 0.227 0.410 0.047 0.316 -0.02¢ -0.029 -9.035 -0.019
Wil ad t% 0.101 1.000 ©.488 0.166 0.145 0.170 0.042 0.006 -0.020 -0.128
3w 0.227 ©.468 1.600 ©0.265 0.29% 0.717 0.091 -0.023 -0.080 -0.1856

— e® 0.410 0.16¢ ©.2¢8 1.000 D.103 ©.438 -0.007 -0.065 ©.019 -9.142
\ ] Sa 0.007 €.145 .29 0.103 1.000 9.061 0.11S -0.055 -8.951 -0.172
MG.R Moa h & pg d x oleh A 3. UN < p.w se 0.316 ©.170 9.217 0.438 9.861 1.000 -0.021 -0.037 9.013 -9.004
b Q J 7w -0.024 ©.062 9.091 -0.007 O0.11F -0.021 1.000 -0.072 -8.08 -0.084

o T o= -0.029 ©.006 -0.083 -0.065 -0.055 -0.037 <-0.072 1.000 -0.016 -8.1&é

9® -0.035 -0.020 -9.080 ©.019 -0.051 0.013 -0.048 -0.016 1.000 .00
10% -0.019 -0.128 -0.184 -0.142 -0.172 -0.084 -0.004 -0.14¢ .00 1.000

or
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DISCRIMINATION MEASURES

VARIABLES
1 4 3 . [ ] é 7 L) * 10
L#® 0.360 0.3¢5 0.508 0.491 0.143 0.407 0.021 0.038 0.038 0.039
CATEGORY QUANTIFICATIONS
CATEGORIE
1 2 3 L] 1 ] . 7 [ ] L e 11 iz 13 18
VAREABLES
1% -1.308 -0.61¢ -0.203
e -0.627 -0.001 0.843
3= -0.522 0.329
45 -1.89% -0.926 -0.708
B -0.416 0.171 0.063
6% 1,997 -0.77%¢ -0.87%
R 0.128 o0.171
L] . .054 -0.098 0.637 0.204
L XS 0.178 -0.72¢ -0.08) -0.387 0.1 0.07% 0.032 0.234 -0.044
L]
(U 307 078 ]

LATION MATRIX AFTER TRANSFORMATION

1 3 3 L] 1 é ? (] * 10

1% 1.000 0.126 0.218 0.407 0.126 0.05« 0.088 0.020
t® 0.126 1.000 0.4% @.187 0.084 0.137 9.045 9.115
3% 0.218 0.4% 1.000 0.080 0.207 0.17% 0.163
4" 0.407 6.187 0.279 1.000 0.105 0.0% 0.4 0.16)
b® 0.05% 0.158 8.31) 0.103 0.035 0.139 0.120 161
é® 0.315 0.180 0.222 0.448 0.0% 0.0 0.117 e.0%
1% 0.)2 ©0.084 0.080 0.105 1.000 0.134 0.037 0.073
8= 0.054 0.137 207 o0.0% 0.134 1.000 8.103 @.)23
8 0.088 0.065 0.17Y O0.146 0.037 0.103 1.008 6.131
0% 0.020 0.135 0.163 0.161 0.073 0.123 @€.131 l.e0@
JIGENVALUES

2.510  1.29% 1.030 O0.99% 0.875 0.027 0.820 0.67¢ 0.51% @.450

JOPGNENT  LOADINGS

1 2

AR AR SRS
ls 0.538
te  0.567 -0.292
is 0.707 -0.295
Ve 0.462 0.437
tn 0.6408 -0.471
is  0.592 0.443
s 0.265 0.060
$s  0.362 -0.334
Y 0.344 -0.118

& 0.358 -0.319
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Figure 9.1 Minsingen-Rain missing passive
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Figure 9.2 Minsingen-Rain missing multiple
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able 9.3  Permuted .uc
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k] I RS SO § I 1 1 .. . .. Supposc, bowcver, that we did oot know the right rankorder. In that casc, perhaps we would

have been quite content with the scriation, sccing a structurc that approximatics a psraliclogam
and cxplaining the dots between the one’s hy low cigeavalucs. Similar pictures are in fact
obtined when we permulte the rows and columns of the gauges 1 and HI. This illustrates how
imporant two-di ional rep i src, since we saw immediately by mot finding a
R 'oan‘-ren.r-.-oB«_!_.-.:.nuonos.- -o:.-o.-,in-_-o-?n-rn..n:._:__o-.rn-n.._,!uu.

Table 9.4 R y of the raakorder of the artifacts
compared to Hodson's raskorder

70 69 68 67 66 65 64 63 62 61 60 59 S8 57 S6 55 54 53 52 5|

59 56 S8 5SS S1 57 44 46 52 53 60 45 S4 49 48 50 47 43 37 42 |
70 69 66 68 63 67 65 60 61 59 56 5B 55 57 S4 S) 5045 52 53
70 69 66 63 63 67 65 60 61 64 54 57 59 56 S8 43 55 45 51 SO !

50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 353433 32 3)

36 34 40 61 62 64 41 38 63 39 65 68 35 67 27 66 70 33 69 26
46 44 43 49 47 48 64 42 37 40 38 36 4) 34 62 32 35 28 33 3\
46 52 53 44 49 47 37 48 62 42 36 40 38 41 34 27353233 39

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1)

13231232822302920 719 4251724 220318 ¢ }
2730 29 392623 22 11 25 17 18 24 20 19 21 14 ) 1516 10 !
28 31 302926 23 2225 18 1720 24 19 21 14 111516 1 10 ]
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9.2 Overall conclusions for gauge IV

This gauge was cspecially meant to draw at to the problem of d g if we could ]
‘missing’ let definc homogencous groups. It is an extreme example, but it serves our purpose
well: it is worth the trouble of paying substantial atteation to ncwly crcated categonies. in this
gauge the ng siagle sirategy is strongly not recommended. Although the results for both
passive and multiple arc satisfying, we do recommend the passive strategy. From s theorctical
point of view this stratcgy appeals most; from & practical poiat of view it is computationally far
more cfficical than the missing multiple strategy with is cnormous amount of additional
categorics (the number of dots in the table).

ol ain




-...l....]

mo

Yesterdoy ve hae &fi HONOGENEITY ANALYSTS
(or Mulige Grpspndone Aadgs). We frot inkaduced
Re (logiad , quablatice) comcept § Rrfesr
qanhfication (pofesr homeney).
info wat/a &%v? .F&d?o wnceft ¢ om

INDL CATR  MATRIY, aad woke ezszi._x. usry
Thy alard v b defhie OPTTHAL
5!4,:%@ g, oad e techngue aSsociofed wid
e . P)?r?a wuld Y2 mxir—& “ g 35.._
bt w wgd a . LEAST ascao,m» vost Fundiw

o o b disie am ALTERNATING LEAST

This var tamslated

ANOVA - \the  comighs -

d —

xgpmw 9—%0?3._3 urf&r wofwed F»Q _“
ReLEPROUM AWRNGIMG Dol gromersul
. om algonit agpu Wi A5 cusied -

¥

ve choose p

lo gauge by
¢ 100 small.
der cerain
has to be.
¢ quadnlic
one.

4 variables
bution with
1 with all
ing we also
catcgorical
3. This can
1980)); we
s minimize
tions or, in

i

alues afier

d as well '
and for o
1. For o

MM AUBIAVEBWD WWWWWEHWENWNWNNWRNNN= N ==

an & ., an N
SOME GAVGES for MCA- . 5/

transformation which will be prescated in chapter 7and 8.

It might be worthwhile o wonder what type of gauge these samples represeat in terms of the
qualifications we nsed in describing our first gauge. Imagine that we would have sampled from
variables with an overall intercorvelation of 1. Thea we would have oblained a data matria with
all columns oa..- Ia .r-_ case .-.n..o would be no work at ali for bomogencity analysis, since
its wld sim — ob induced scores which arc cqual over all variables — is already
attaincd in the data. Every -o_.:_o- will give cigeavalues of 1; the tracelines for the items will

_ all coincide. Sampling from distributions with lower corrclations will give data where the

paticen described above is disturbed 1o a certain degree (the smaller the corrclation the larger
the disturbance). As an illustration we samplcd from variables with an ovenll correlation of
95 (table $.5), performed a homogencity analysis and inspecied the vn-a:.:& indicator
supermatria (table 5.6).

s

Table 5.5 Maltinormal
2=.9
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Table 5.6 Permuted Indicator supermatrix
multinormal p = .95
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Mk is olcar that homogeneity analysis tries to quantify objects and categorics in m..-n—. a way that e
peraliciogram structure is approximated as well as possible. The consecutive 1's property
applies (imperfectly) to both rows and columns end so we can interpret this gauge as &
imperfect version of ilems with orderly iatcdocking, or 8 multicategory Guttman un-._n. The
guges we shall actually .apply would reveal 3 cves less perfect pamliclogram, since the
intcreorrelations between the variablcs are not that bigh.

£.2.3 The Miinsingen-Rain data: an emplrical gauge

The Miinsingen-Rain data consist of binary variables. The rows refer 10 59 graves ?o_.-,. -._._n La
Tenc ccmetery at Minsingen-Rain, Switzerdand, and the columns represcnt 70 varictics of
objecis found in the graves. The data indicate by means of ones and zeros whether or not an

“
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HOMOGENEITY ANALYSIS VS. LATENT TRAIT ANALYSIS 389

Table )
Ttem Weights from Homogencity Analysis

Item a
1 0.5
2 .5
3 0.5
& 0.5
3 0.5
¢ 1.0
? 1.0
] 1.0
9 £.0
10 1.0
n 1.5
12 1.5

13 1.5
14 1.5
15 1.3

Starting = Final
Value Value
.49 .68
.56 .57
.62 .62
.60 .62
.52 .52
.99 .99
.99 .97
LI .95
1.00 1.0}
1.07 1.08
1.53 1.45
1.3 1.26
1.24 .21
.26 1.22
1.37 1.3

right or as & provisional anslysis before an analysis
with a model based on swong assumptions, fike the
multicategory raung Rasch model.
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Figuur 2.2: Aoalyse van marginale matrix van stemdistricten x partijen
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relatief veel VWD en D'66 stemt. Met "relatief™ .v»mon- ik hier "t.o.v.

het gemiddelde profiel vaa Leidea™. Het gemiddelde Leidse partijpro-
fiel em stemdistrictprofiel liggen in de oorsprong. Ik roep hier im

berimnering dat cea partijpuat i dicht ligt bij een stemdistrict j

als uﬂ > ,n»u;

.
NS b ) * Xy < e

en dst een partijpunt i ver weg ligt van stemdistrict

. Boor X ‘an € ‘te t.mmwn,nwuw.on,—. zou men eventueel
Rusnca asgasa of de opleasiag wel juist gelaterpreteerd is. Het is
immers wogelijk dat twee punten op de eerate twee dimensies dicht bij

i

elkaar liggen, maar een grote afstand hebhen op een hogere dimeunsie.

De tweede dimensie maskt een onderscheid tussen stemdistricten uit de

binnenstad, waar men veel klein links stemt (een verklaring hiervoor
kan zijn dat hier veel studenten wonen) en stemdistricten waar men

veel steamt op christelijke partijen. Hen kan zien dat CA een helder

b

-21 - .

tozicht verschaft in de 9x58 matrix.
Met behulp van formule (2. -5 worden de X3-afstanden nader bestudeerd.
Met het linkexlid van (2.14) zijn de x2-afstanden tussen de 9 partijen
berekend, en deze zijn <o..nwn~nrn= met de in de eerste twee dimensies
_benaderde . xnuunnn-uunu. berekend met het nonraon:u van (2.14). In
‘figuur 2.3 zijn voor :de 36 paren rijpunten de eunnwt-._n.nnnnbn nn-».l
standen (horizontaal) afgezet tegen de in de eerste dimensie benaderde
xt-afstanden (verticaal). Als lsbels zijn de eerste letters van de
.partijen gencaen (L voor .klein links, en: ‘R voor klein rechts). De
grootste afstanden zljn die tussen de:SP.eniregp. uo.SE. D'66, klein
pechts on -het GDA. Verder is de sfstand groot ‘tussen de VVD en resp.
de PudA, ONGRLDIG an AFWEZIG. In figuur 2.2 worden deze -n-r-.:_n: voor
eean guoot doel qp de ._onnnn«n dimensie ibensderd: de verticale dijnen

tanden voor

Figuur 2.3: x2-afstanden ) _Ar.,.nnwouﬂnlw_u 8. 4 wrnruxnmun ¥
ersbe dimensie (verticasl). L

je
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komen bijna tot de schuine lijn, vaarvoor geldt dat de xZ-afstand ge-

lijk is aan de benaderde X*-afstand. Kleige afstanden zijn die tussen

de paren PvdA en AFWEZIG, VVD en D'66, CDA en Kklein rechts. Deze paren

halen relatief veel van hun stemmen uit dezelfde stemdistricten. Grote

v-n.-w-.wnnu. n-n .:-:c.n:._r- in de cerste dimensie worden benaderd, Zijn

-afstanden benaderd worden in
Alle verticale lijnen zijn hier langer dan in figuur
omdat een benadering in twee dimens

twee dimensies.

2.3, ij
ies altijd beter is dan een

Vooral de lijnen IR, CL, Lo Zijn een stuk

<n,n~ afatanden tot -ONGELDIG worden nog steeds slecht
Deze worden

.benadering in één dimengie.
langer geworden.

gerepresenteerd. in:hogere dimensies afgebeeld.

‘Hogere
\

Biguur 2.4: x3-afstanden (horizontaal) ‘v8. tbenaderd

e afstanden voor
cerste twee dimensies ‘(verticaal) .
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table 1.1:

———

VRV DWN -

Roy (1967)
Kenda)l (X957} .
Kendall (1975)
Andersen (1Y958)
Cooley & Lobmes (1962
Cooley & Lohmes (1971
Rorrison -*uw
Morrison (1976

Yan de Geer (1967)
Yan de Geer (1971)
Dempster (1969
Tatsuoka {1971

Harris (1975) g
Dagnelie :ewmw

Green & Carroll (1976
Caillez & Pages (1976
Giri (1977)
Gnanadesikan (1977)
Kshirsagar (1978)
Thorndike (1978)

iF -6

‘0 1164 11

27 113 4

W60 0

28 1163 '52

n7 0 56

55 ' - 32

0 g4 48

8 005 160

26 0 0

2 0 0

% 108 0

» 32 &

6 2 2

8 4 28

8 . 0 2

I .0 ®©

a m 3

_ » 5 )
-0 22 -4 42 0 - 220 &
30 128 9% 2 8 0 "0

»

ar -

number of pages of MYA books devoted to several subfects.

1 ROIJ -1.1086 -0.6144 -0.33%0
2 KENl 0.0740 €.725 0.252%6 - L )
3 KEN2 -0.2115 0.4505 -0.4823 0 il ;
4 MANDE -0.7779 -0.1107 6.1556 e
5 COLl 0.0278 0.4065 1.0813 <y
6 COL2 0.3578. 0.6960 0.0928
7 MRl -0.1641 -0.1572 0.463%

8 MOR2 -0.2502 -0.1963 0.3900 .
9 GEE) 0.7279 -0.1945 -0.047S Sl N

10 GEE2 0.6840 0.2434 -0.179

11 DEMP  0.0273  -0.3665 -0.4470

12 TATS 0.2680 -0.4475 0.2829

13 HARR 0.0219 0.5089 0.S172 .

14 DAGN 0.1205 0.4846 -0.1848

15 GREC 1.0831 -0.0321 ®.0821

16 CAPA  0.649% -0.0708 -0.18E7

17 GIRI -0.9835 -0.3927- -0.2502

18 OIAN -0.4001 8.3202 -0.3383 . :

19 KNI -0.7473  0.0810 -0,0051

20 WM 0.5655 0.8145 -0.3526.

A MATH  1.1440 ,._.mmae "0.0692 table /1 L

B CORR 0.8046 1.3602 -1,2504 . o
€ FACT 0.2928 0.9827 0.6468 profections of'books,

D CANG 6.2605 0.8653. 08399 iprafections of subjects
€ DISC 8.2555 0.4777 -0;7914 - 2nd singular values -
FOSIAT -1.8635 -0.4972 -0,6071, - Zrod Eorreshondence analysis
§ WM -0.6745 0,208 ;2i5069) - o0 tableddl. T
LABDA . 0.6038 0.5163. :0,3364 -
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cards in the same groups and equal category a:u:ﬁ!n-ﬂo:u for all ‘ten replications.
The homogeneity approach has a natural interpretatfon in psychophysical contexts, M
in which we very 8.!5:.« suppose that there Ju a c:o..&ﬂn:&o:a_ un:?!a 4

that the different <u1o5mu are merely -.»v:n-n:.:u. T #

Guilford's data matrix is reproduced in table 10.2.1. ‘The first singular value of
an ANACOR analysis on thisitable was .93, the remaining singular values conformed
closely to »m = A.wuvu. which shows that we only have-to-pay attention to a single
dimension. Table 10,2.2 contains ‘optimal iquantifications of ispot jpatterns and of
pillas (Wnbervails). Both transformatiions are plotted iin ifigunes 120.1 ;end E_..w. It
is chear from the transformation of the intervals that correspondence analysis i
does aot follew the dnstnuction ibo eap :intenpifle distances 25__- the Snn_éu..m m
in the middle are d.!.uu: near 'the endpoints the istances are smafifler. The
transformation of the stimuli is fedrly Alinesr, deviations from Afinearity are

in the direction of cancawitty. In this sense cornespondence -analysis, which

produces the “best’ scale im 8 specific least squares u.u..mu. iconfirms Fechner's

Taw, but this $s cbwiously a wery weak confirmation. It could very well be that

« similar techaique with a Jmast lx!...on deviation loss function disconfims

.
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Table 1: Suicide behavior: ags by sex by cause of death

Labels for causs of death-categories: . : ’ Figure 1: Analysis of m!xgu..)v. first two dimensions. The line for

m. wcnn“uo ”< ”:ﬂ. 2.:_5:_“ 3-:2.70:8 ‘ MM”MMW men is solid. Singular values with relative contributions: ,
. Suicide by xification of gas at 68 n wwaw ’
3. Suicide by toxification with other gas (GASO) Ay = 312 (.519), r~ =2 ° )
4. Suicide by hanging, strangling, suffocating (HANG) t ' J
5. Suicide by drowning {OROW) . P
6. Suicide with guns and sxplosives (GUNS) ._...e:mm.ﬂw_eh..:_ i e g pm su__em  am e en_ yh
7. Suicide with knifes etc. (STAB) . #
8. Suicide by jumping . (Jump) . )
9. Suicide with other methods (OTHE) - ”n M
N )

MATT GASH GASO HANG DROW GUNS STAB JUMP OTHE TOTAL m. R
015 4 » 0 247 v W 1 & 8 85 = .
75-20 348 7 67 S78 = 179 n 4 15 1461 2
20-25 808 -32 229 639 “ 318 35 109 289 2561 ]

25-30 789 26 249 648 52 268 33 109 226 2399 . 1 Je
30-35 916 17 =7 825 74 20 52 123 2m 2836 2
35-40 1118 2 313 11228 87 293 48 134 268 3567
40-45 826 13 250 112713 89 299 53 78 198 3179 m
&5-50 &S5 ] 203 138t n 47 68 103 190 3227
50-55 &84 4 136 1282 87 229 62 63 146 2703 - "
55-60 S02 6 n 972 49 151 45 &6 77 1946 y
60-65 516 5 74 1289 a3 162 52 92 122 2355 . | STAG
65-70 513 [ ] 31 1360 s 164 5 115 95 2417 ! % o
70-75 425 ., S 21 1268 90 AF4] 4 N9 82 2175 o i H
75-80 266 '\ 4 9 866 63 78 30 79 M 1428 . w s
80-85 159 2 2 4719 3 18 18 45 19 . 78 . ; "
85-90 70 1 0 259 1% 10 $ B 10 393 ‘ g
90+ 18 0 1 6 4 2 4 [ ] 2 13 "
TOT 8917 176 1913 14740 _ 946 2945 628 1340 2223 33428 i m
Women . . b A_ ! ¥ .
1015 28 0 3 2 " 1 e w0 & 68 i A GUNS . *
15-20 353 2 1 [1] [ " 2 L9 47 560 ! . 3 . .
2025 50 4 2 W 24 9 9 18 6 82 OTHE o
25-30 454 3 27 125 3 26 7 » 75 839 . x
30-35 530 2 2 118 e 14 20 92 n 985 N ,2
35-40 688 5 “ 272 64 24 L] 88 110 1319 - 3l
0-45 S66 4 24 348 26 18 22 103 86 1242 ]
4-50 N6 6 . 24 447 84 I3 2 95 1] 1503 { . a
$0-5S 942 7 2% 691 184 2t 37 129 a3 2168 g ! B

A 85-60 723 3 - -nm 5§27 163 14 30 92 92 1658 3 GASO ey

. 80-65 820 8 8 702 245 L1} 33 10 14 2083 * e Na N 3w In kw Im de du aw CC é—-f.m!m%ﬂ-__. N -
65-70 740 8 4 85 2n 4 38 156 80 2096 ) < - .
0-75 624 4 610 2a4 1 27 129 45 1691 * -
75-80 495 ) 1 20 1wt 2 29 128 35 1279 s R
80-85 22 3 2 23 M 8§ W0 & 2 7Nns i ﬁ.? Sh
85-90 113 3 ] [ £ 14 [ ] [ 3 u 2 256 " H
80+ 24 1 0 19 4 [] 2 7 ['] 57 H .
TOT 8648 77 261 5637 1703 172 309 1505 1090 19382
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Figure 2: Analysis of m)xA!xmv. first two dimensions. Singultar values

with relative contributions: >._ = .35 (.808), >~ = .100 (.082)
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w “ 4 x
martin 15 T 2T 50
carol 15 19 37 S
max 14 ? 25 M
virginia ruth ?T 21 41 54
sibyl ? 22 37 S8
david 19 27 34 60
James d. 19 30 54 60
harvey 14 27 42 62
winifred 15 30 41 862
quentin 15 23 38 64
maurice 18 23 45 66
Judy 18 29 45 66
irene may 19 34 45 66
peter 15 29 49 66
walley 18 33 54 68
fred 15 32 46 10
donovan ? 23 S0 70
patricia 15 30 45 70
torgy T 21 12 N4
larry 13 4 54 76
doris ? 23 M ?

table }: tnansitions .-
7 in weeks

lvn.a
carol
mx

11111122222244444444444444444444484444444555555555555555555555555555555
111111222233333333333333323344444444444445555555555555555555555555555585
111112222222222 2444 4444444 4444444444444 44444455555555555555555555555555

virginia 66666666666633333333333333333333444444444444455555555555555555555555555

n.ﬂn_,
david

66666666666663333333333333II44 4444444444444 4444445555555555555555555555
11110111132222222233333344 4444444444 44444444444444455555555555555555555

James ¢ 11111111112222222222233333333333333344444444444444455555555555555555555

harvey

11111222222222222233333333333333344444444444444444444555555555555555555

winifred 111111222222222222222333333333344 4444444444 444444444555555555555555555
quentin  1111112222222233333333333333344 444444 44444444 44444444445555555555555555
maurice 11111111122222333333333333333333333344 4444444444444 4444445555555555555%

Judy
frene
peter
wlley
fred

11111111122222222222333333333333333344 444444444444 444444455555555555558
11013013112222222222222223333333333 34444444 444444444444 4455555555555558
1111112222222222222233333333333333333333444 444444444444 4455555555555555
11111111122222222222222233333333333333333333344 44444444 4444555555555555
111111222222222222222223333333333333344 4444444444444 4444444445555555555

donovan 66666666666666333333333333333333333333333444444444444444444445555555558
patricia 11111122222222222222233333333333333344444 4444444444444 44444445555555555

torey
larry

66666666666633333333333333333333333333333333333333333333333333344555555
111122222222222222222222222222223333333333333444444444444444444404445555

|

s

table 2: 71 time-points mapping 20 babies into & states
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_ (Al ! 3
. ! 1978 1979 1980 1981 1982 :
o SN R B
1 ' 1bo- 384 408 279 95 13
& i 1bot N5 132
’ ° mavo 1 384 2 .
3l ' . mavo 2 1635 125 64 2
I ; : mavo 3- 1345 829 133 8 o
. mavo 3+ 1 28 1
b e wavo 4- , 3 22 276 J .
: mavo 4+ 589 460 p i
b X havo 1 107 1 ’
H havo 2 1329 289 8 !
M B havo 3 1154 469 26 1
N ' u havo 4 970 1011 472
¥ ’ " Y havo 5- 233 928 :
' b . t havo 5+ 336 w
; i ! vwo 1 34 :
g 3 . vwo 2 1449 106 .
. vwo 3 1276 175 5 .
s vwo 4 1071 215 22 :
4 - o § 1 952 462
* wo 6 1 192
‘ ; - s mbo 1 .- 12 426 608
' e \ : mbo 2 16 426
figure 3: average induced curves for boys and girls mbo 3 18
_ : hbo 1 ' 5 154
e : . uitval 82 18 477 142 1N
gt 2 .
. Boss 49 -pe _ pw qu 4O ym  uym 4n aw  am totaal . 5464 5464 5464 )
£ .. -
s LA n ¢ tabel 2
e schoolloopbaan kategorieen, verdeling over de
AL .
: b bber < : meetpunten.
R rmﬂ-_i_ (1] ) wv
P - e : i
X ) H
H B ;
¢ € . ,
x £ ‘
M . . % t
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3 . — et - .~
&
: : A . i -
t § v
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. figure 4: baby object scores in two dimensions ”
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e Sttt

lesrjaar 8 learjaar 3 leerjaar 4 learjaar & laerjaar 6
lbo- -1.598 -1.530 -1.440 -1.332 -1.319
tbo+ -1.393 -1.338
mavo 1 -1. 146
mavo 3 -0.832 ~1.085 -1.158
mavo 3~ -0.763 -0.968 -1.081 -1.185
mavo 3+ -0.793 -1.021 -1.045
mavo 4~ -0.691 -0.903 -0.972
mavo 4+ -0.698 -0.861
havo 1 -0.334
havo 2 +0.019 -0.255 -0.2387
havo 3 +0.124 ~0.118 -0.139
havo 4 +0. 248 0. 148 -0.495
havo §- +0.298 -0.017
havo &+ +0. 296
wio 1 +0. 462
vwo & . ... #1.386 - 40.718 T
vwo 3 +1.520 ¢1.008
vwo 4 . +1.633 +1.271 +0.696
wo § +1.665 +1.167
wo § - +1.686
kmbo - . ~1.080
mbo 1 -0.071 -0.863 -0.830
mbo 2 " -0.1368 -0.697
mbo 3 +0.035
hbo 1 +0.341
tabel

PRINALS kwantifikaties van de schoolloopbaan katagorieen.

76

e

Copewi

M.
¥
M
'3
|
L

!

n 1 v ] Vi

Groningen -.247 -.199 -.098 .018 .015
Friesland -.074 -.032 -.097 ~-.037 -.035
Drente .016 .040 .090 .220 AN
Overijssel -.177  -.219  -.156 -.062 ~-.062
Gelderland .006 -.0d6 .007 .064 .055
Utrecht .065 .006 .002 .169 .206
Noord Holland -.085 -.052 .052 .189 176
Tuid Holland -.099 ~.075 -. .088 .083

: leeland .192 .236 .307 .407 .468

. Noord Brabant J114 -.095  -.047 .057 .085
Limburg =217 -.180 ~-.072 -.032 -.029
1)sselmeerpolders-.177 -.141  -.096 .367 .053
etal provincie  .0137 .0115 .0068 .0175 0197
Jongens -.150 -.142 -.075 .023 .028
meisjes -.017 .000 .058 .168 .163
oa.n sexe .0044 .0087  .0042  .0051 .0047
vwo advies .728 .769 .819 .868 .817
havo advies .064 .065 111 A7 .152
mavo advies -.673 -.680 -.631 -.534  -.475
Wo advies -1.054 -1.053 -.991 ~-.782 -.747
onnu advies 2950 .2998 .2971  .2891 .2656
hogere ewployes 249 271 315 378 ..365
middel employes .103 119 .162 .220 217
lagere employes - 114 -.100 -.066 -.002 .015
zelfst met pers -.231 -.193 -.123 <.035 -.059
zelfst zon pers =-.168 -.153 -.098 -.032 -.033
gesch arbeiders -.196 =-.200 -.1M -.017 -.0M4
onges arbeiders - 424 -.445 -.360 -.183 -.222

\ overigen -.244 -6 -.118 .021 .045
o:~ SES .0466 53 .0359 .0346 .0371

) intercept -2.919 -2.968 -2.892 -2.733 -2.543
beta taal .064 .065 .064 .061 .057
beta rekenen .055 .058 .058 .057 .053
=~ cito .3428 3458 3375 32U .3028
tabel 2.

Relaties van schoolloopbaan variabelen met achtergronds-

- variabelen.
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(a) the 'elbow'-criterion indicates that the remaining singuiar values
are approximately equal, (b) the remaining dimensions are not really
‘common’ factors but contrast either one time period or one activity
with the rest, (c) three-dimensional plots are less attractive. Figure
1 shows the projections of the 940 individuals on the first two singular
veactors. The very large cluster in the top right-hand section are the
individuals who are mainly at home. The second large cluster, top left,
are people who work fuli~-time. Thus dimension one, the horizontal
dimension, contrasts ‘work' with ‘being-at-home'. The second, ver-
tical, dimension contrasts ‘working' and 'being-at-home', at the top,
with other activities outside the house, at the bottom. These aiter-
native activities are mainly  in the category ‘other’, but also in
‘shopping' and ‘traveling'. This interpretation of the dimensions
becomes beautifully clear if we plot the 5 x 22 = 110 category quanti-

Figure 1: analysis 1, 940 object scores in two dimensions
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Figure 2a: analysis 1, category quantifications,
dimension one against time

._J:-................r.a..........fa.&&

fications. In this analysis we have not plotted them In two dimensions,
but we have plotted each dimension separately against time-period.
Figure 2a is the plot for the first dimension. We have seen that these
category quantifications make maximum discrimination of the individuals
possible. They are related in a simple way to figure 1: the score for
‘travel® in period € is the average score of all individuals who travel
in period 6 (on dimension 1, and weighted with the number of minutes
they travel). Individuals who work a lot are low on the dimension,
individuals who are at home are high. During working hours the
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Figure 2b: analysis 1, category quantifications,
dimension two against time
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average qo-.. travelling persons is close to the average for persons at
home, during the lunch break. During the early :.5-.2:0 and late
evening hours it is much closer to the average of the persons who
work. The same thing is true for shopping, although working people

much during late afternoon. Shopping is done by those who stay at

home. Figure 2b shows a similar plot for the second dimension.

social and cultural activities are concentrated In the morning, in the

early afternoon, and in the early evening. The morning and early

do not shop a great deal during lunch time, and do not even shop
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afternoon shopping behaves tike ‘other', in the evening it is quite
different. Traveliing behaves in the opposite way. f you are going
to <mu.=, somebody or something, then you have to travel before and
after this visit. Thus travelling hours are just before and just after
visiting hours. On the first dimension we can best discriminate people
during working hours, on the second dimension we can best discrimi-
nate them outside working hours. More detailed interpretations of
these plots are in Kreft and Mulder (1984).

Another way to interpret the dimensions of the homogeneity analysis
is by using passive variables (or supplementary variables). They
play no role in the analysis, only in the interpretation. They are
used afterwards to iabel the plots, and to compute centroids of groups
of individuals. In our analysis we have used two passive variables:

sex combined with work-situation of the family. Work situation has
nine possible values: the head of the family can be empioyed full-time,
part-time, of no-time, and the same thing is true for his/her partner.

—_—— e ———

If we combine this with sex we have a new interactive passive variable

Figure 3: analysis 1, centroids for passive sex X work varisble
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Figure Sa: analysis 2, 20680 x § table,
average object scores for men and women,
dimension ome against time
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Figure Sb: analysis 2, 2068 x S table,

average object scores for men and women,

|
AN _~ induced  covveedafion HS:_.L fr casn climensin. |
‘ S Mhere  an M._. (g-) vonrrvdl m
.M RA - dimensions ?....a would  wiean @ wany ‘
w . _ ‘ wridakm  warices [ ench o} whed, could be
M ,. 4 Uz v o PCA ).
| ] ] o
| ; _ GIFL calls his DATA PRODUCTION




@

h oder & Crale o Oik win A Lha,
i€ &«?é\ ; we Snall  vew infreduce
Vorow  fegrickons mhbe W Gifi aystem .
oy o

(a)  rak vedridions

(V) come  veslrichons

\
oand ow normallabion
a'Y <o R

X'x =1,

&5
@) Romk  redihins |
. IDCNTLFRIcBT ow’ |
d - .Uu. 9@. m :muvsv.w.» =0 w
_.u.xv —&rw Mu.&u& =1
Geomerrical e o e

|
_

[ Gaue  CaRS)

Pw «»@«S&w a. dive Lion ﬂ ?qoror 70 asn.v..a..._
ound 2. wndiankes p.—.P nOﬂ\c—‘sS wWw Yhar

d
ditediom . Ths we  wequie

(a) purfar Viomo ynely
(b) al sgecs wua¥ be o pasallel
Ireuig lives o




g

——————

figure 3: single nominal loss, variable 1,
arbitrary solution

figure 4: single numerical loss, variable 1,
optimal solution
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YABLE 1. Table of social indicator statistics taken from statistical
abstracts of the US (1977). U.S. Department of Commerce:
sureau of the census.

popul : 1975 population in thousands
Incom : Per capita income in dollars
rllit : Illiteracy rate in percent of population
Life : Life expectancy in years
Momic : 1976 homicide and non-negligent wmanslaughter rete
(per 1088)
school;: Percent of the population over age 25 who are high
school graduates
Freeze: Average numbers of days of the year in which
temperature falls below freezing.
State Popul Income Xllit Life Homic School Freeze
Alabama AB 3615 3624 2.1 69.05 15.1 41.3 20
Alaska AKX 365 6315 1.5 69.31 11.3 66.7 152
Arizona AZ 2212 4530 1.8 70.55 7.8 58.1 15
Arkansas AR 2110 3378 1.9 70.66 10.1 39.9 65
california CA 21198 5114 1.1 71.71 10.3 62.6 20
colorado co 2541 4884 0.7 72.06 6.8 63.9 166
Connecticut CT 3100 5348 1.1 72.48 3.1 56.0 139
Delawares bW 579 4809 0.9 78.06 6.2 564.6 103
Florida FL 8277 4815 1.3 70.66 10.7 52.6 11
Georgia GA 4931 4091 2.0 68.54 13.9 40.6 60
Hawaii M 868 4943 1.9 73.60 6.2 61.9 0
Idaho 1D " 813 4119 0.6 71.87 5.3 59.5 126
Illinodis IL 11197 5107 0.9 70.14 10.3 52.6 127
Indiana N 5313 4453 .7 70.88 7.1 52.9 122
Iowa IA 28461 44628 0.5 72.56 2.3 59.0 140
Kansas KS 2280 4669 0.6 72.58 4.5 59.9 114
Xentucky KY 3387 3712 1.6 70.10 10.6 38.5 95
Louisiana LA 3806 3545 2.8 68.76 13.2 42.2 12
Maine ME 1058 3694 0.7 70.39 2.7 54.7 161
Maryland MD 4122 5299 ..9 78.22 8.5 52.3 101
Massachus. MA 5814 4755 1.1 71.83 3.3 58.5 103
michican MI 9111 4751 0.9 70.63 11.1 52.8 125
Minnesota MN 3921 4675 0.6 72.96 2.3 57.6 160
Mississippi MS 2341 3098 2.6 68.09 12.5 41.0 50
Missouri MO 4767 4254 0.8 70.69 9.3 48.8 108
Montana MT 746 4347 0.6 70.56 5.0 59.2 155
Nebraska NB 1544 4508 0.6 72.60 2.9 59.3 139
Nevada NV 590 5149 0.5 69.03 11.5 65.2 188
New Hampsh. NH sl2 4281 0.7 71.23 3.3° 57.6 174
New Jersey NJ 7333 5237 1.1 70.93 5.2 52.5 115
New Mexico WM 1144 3601 2.2 70.32 9.7 55.2 120
New York nyY 18076 4903 1.4 70.55 10.9 52.7 82
N. carolima NC 5441 3875 1.8 69.21 11.1 38.5 80
N. Dakota ND 637 5087 0.8 72.78 1.4 50.3 186
ohio . OM 10735 4561 0.8 70.82 7.4 53.2 124
oklahoma oK 2715 3983 1.1 71.42 6.4 51.6 82
oregon oR 2284 46690 0.6 72.13 4.2 60.0 44
Pennsylv. PA 11860 4449 1.0 70.43 6.1 50.2 126
Rh. Island RI 931 4558 1.3 71.90 2.4 46.4 127
§. Carolina $C 2816 3635 2.3 67.96 11.6 37.8 65
$. Dakota SD 681 4167 0.5 72.08 1.7 53.3 172
Tennesses TN 4173 3821 1.7 70.11 11.0 41.8 70
Texas ™ 12237 4188 2.2 70.90 12.2 47.4 35
utah ur 1203 4022 0.6 71.72 4.3 67.3 137
vermont vT 472 3907 0.6 71.64 5.5 57.1 168
virginia VA 4981 4701 1.4 70.08 9.5 47.8 85
Washington WA 3559 4864 0.6 71.72 4.3 63.5 32
W. virginia wv 1799 3617 1.4 69.48 6.7 4l1.6 100
Wisconsin WI 4589 4468 0.7 72.48 3.0 54.5 149
wyoming WY 376 4566 0.6 70.29 6.9 62.9 173

&c

Figure 1. .PCA solution for
30 states. Encircled points
have dissimilarities larger
thaa average. Dotted circles
indicate more than average
stress in addition.

Figure 2. PCA solution for
50 states. 8(Z) (borizontal
axis) versus d(X) (vertical
sxis). Approximstion from

below. Ellipses refer to
all pairs including AK, HI
and NV.
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Figure 5. Monlinesr PCA

solution for 50 states. En-
. @ circled points bhave dis-
similsritics larger thas )
_ average.
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Figure 9. Transformation. HDS on the left,
PCA on the right.

Variable 1: Populatioa ‘

Variable 2: Income

\ Varisble 3: Illitecscy

3 L : -

Variable &: Life expectancy

\ Variable 5: Homicide
.

. 2 . Al . " ' L
\'/ Variasble 6: High school

Figure 6 Noolinear PCA

u_ /4. solution for 50 states. .

! SN 8(2) (borizontal axis) ver- ’

t sus d(X) (vertical sxis).

; i~ Approximation from below. '
[
T ]

Lo ! . Variable 7: Freezing




190 &:
1: 7 41 810 9 5 2 3 6 mw ,
2: 7 6§62 9 3 8101 4S8 (S
3: 10 517 46 8 2 3 9 (s
4: 6 5 3 7 4 8 9 2 110 (S
5: 6 3 510 4 2 97 81 (D . -
6: 8 7 4 9 25106 31 (D
7: 59 486 21 7 31 (0 oL
8B: 6 7 4 95 3108 21 (b - &5 -
9: 2 3 6 458 9 72101 (p ,
10: 5 8 2 91 710 6 4 3 (b , .
7 2610 51 98 4 3 (0 ~ /
8 72914610 53 4 (C 111.3. Roskam's
107 19 468235 (C
m 52341879610 (C . : -
6 527 11098413 (C 111.3.1. . i
4 7 5 28 916 310 (M Table I11.3.1. gives preference rank orders of 39 peychol- ;
47539816 210 (n - !
98110 2 6 (n ogiats for ten psychological journals (from Roskam, 1968).° i
w m M W 0s 38 28 (F ~_ Columns of the table refer to the following journals: o o
1 587 9361 2 4 {¢ B C 1: JEXP: Jourmal of experimental psychology, e e e '
376 28 45 m —M AM - 2: JAPP: Joumnal of applied psychology, H
1 38697 41w 3: JPSP: Journal of perscnality and social vnnnvong !
“ “ M m _“ —w “ “ “ M AM 4: MUBR: Multivariate behavioral research, o
1 865 9 4 310 2 7 (€ $: JCLP: Journal of consulting psychology, !
1 25 610 47 9 38 (€ 6: JEDP: Journal of educational psychology, '
_ “ M M “ W :Nu W “ W HW M 7: PMEK: Pasychometrika,
X 87 1209106345 (R 8: HURE: Human relations,
_ 7 41291086 35 (R 9: BULL: Psychological bulletin,
_ 9 8 2714105 6 3 (R 10: Hude: Human development.
i 3 7 w w MHM W w M n wW ﬁ . In addition, table II1.3.). contains a final column that
ww” -M 4293564817 (T identifies each psychologist with respect to the depart-
|38 3210 6 847 91 5§ (1 ment he or she is affiliated. The codes are:
“ 36: 61 394710258 (1 S: social psychology (4),
m WM" w w M M :W w w W w u“ M D: educational and developmental psychology (7),
| 38 26731084915 (A C: clinical psychology (4)

‘ M: mathematical psychology and psychological statistics (3),
table 5.6: Roskam's journal data E: experimental psychology (10),
preference rank o«..na : R: cultural peychology and psychology of religion (3),
: - T: industrfial psychology (6),
_ . ' A: physioclogical and animal psychology (2),
Numbers between parentheses in the list above give the
. number of psychologists from the department.
_ . Table I11.3.1. gives preferences in the usual way, from 1
. . (most preferred journal) to 10 (least preferred journal).

111.3.2,

. A matrix of ranking such as given in table I11,.3.1. can be -
a

lyzed in two ways.

a) columns (journals) as variables, rows gvnunvouoe:n:

_ as objects, . . _
(b) rows (psychologists) as variables, columns (journals) ’ !
as objects. .
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Figure 111.3:1: ordinal solution, object scores (journals)

vk;w,._lo_zax,ﬂ.oa, w

Yl

“developmental® journals (6,10) to the NE, and the wore
wgocial® and “climical® journals in the SE. Mote that in
figure 111.3.1. the “hard® psychologists are on the right,
whereas in figure 11§.3.2 the "hard® journals are oo the
left - the reason is that a high score reflects low pref-
erence, a low score reflects high preference.

The solution given here is somewhat different from that
given in Gifi (1981a, p.191-192). This is probably due to
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Fiqure I11.3. ordinal solution,
(psychologists) labeled by department

component - loadings
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the fact that the solution in Gifi vas not computed on the
basis of the standard PRINCALS program, and differences in
initial configuration may have had their effect on the
final solutions. Nevertheless, the sum of the ejigenvalues
in both solutions is the same. It is quite probable with
data of this sort, that there are different quantifica-
tions with about the same total fit; the choice of initial
configuration then becomes decisive with respect to which
of such equivalent solutions will turn up.
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zero degree B-splines
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”“1”an““whwvm-mvdm=om M“n“”M “MWHMM B-splines

0.50 100 ~0.50 0.50 0.

. . . . . 00D
103125 0.68750 0.28125 0.00000 0.

ne o wa m.wu m.% W.owmoo 0.59000 0.40500 0.000NN o.mwmmm

w w mww m.oo 0.70 0.30  0.00000 0.00000 0.24500 0.71000 0.0450¢

0.75

1
0.9 1
2.30 0 q
table 11.1: B-splines of degree zero, one, two for four values of x.

ol

var 1 = a The first two variables are a

var 2 = Vn Sample of size 20 from two in-
) dependent uniform random varja-
vard - u.-v—- bles on the unit interval. The

var 4 = u.-.-v—_o meaning of these variables (in
var 5 -—v- terms of cylinders) js not rele-
-3 2 vant in our case. We simply use
var ¢ = (2x) -v— the fact that a centered log
var 7 = .N:lo-vno transformation of all variables
var 8 = a p-! gives a matrix of exact rank two.
w.» The aim of the techniques dis-
var 9 = . V— cussed here 15 to recover these

var 10 = -»U“~ transformations. The idea is that

non linear Principal components
analysis will fit this matrix
perfectly in two dimensions, and
that correspondence analysis will
not accomplish this result because the second eigenvalue is
not the second root of the correlation matrix R(e).

The fit tn table 2 ts defined as the sum of the tirst two
eigenvalues of m’_o_.

Table }. Thurstone's
cylinder data

The maximum fit is thus equal to 1.

chnique used Type of transformations Total fit|eigenvalues
approximating ¢ for p = 2

petric PCA single linear .87 .60 .27
prdinal PCA single monotone -94 .66 .20
Bplines-PCA k=) single LS splines ke) .89 .61 .28
Eolines-PCA ke2 single LS splines kw2 -98 .68 .30
pplines-PCA k=) single LS splines ke3 .99 .69 .29
Correspondence- sultiple splines k=2 .1 .77 .66
analysis+splines

Table 2. pyt,

eligenvalues and nNi:nnOE:o:n:vnn for several
techniques.

The linear fit fa surprisingl

Y high comoared with the ordinal
fit,

which on the other hand is clearly inferior to the single
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Data on 1980 Autosobiles

L . Niles/Gal.
Plot Price in Engine — .
R . . Meight
Sysbol $ Size City Highway

Al 8200 1 7700 9 19.3 5.8 2%
OGhev Cievette 2 5100 9% 18.6 3.9 <120
Datsun 210 3 4750 8 25.2 40.7 2010
Datsun 510 Y 5950 119 21.9 K2.7 %30
Dudge Colt H 4900 98 %.2 41.2 16880
ford Mustang 6 5800 isl 15.6 29.8 2610
Menda Acowmd 1 6500 110 19.9 5.7 W
honda Civic QVCC 8 4100 91 2.7 9.7 ies
Marsa GLC 9 450 86 6.9 412 1900
Piysouth Horizon 10 %00 105 2n.6 31.) 215
Plymouth Sapparo i §500 159 13.8 6.6 21%
Pontiac Sunbird 12 50 151 14.6 8.8 210
Toyota Cellica 13 <0 % w.5 6.6 o
1cyota Corona 103 5100 1% 16.6 R %10
loyota fercel 15 &0 2 2.3 39.5 1970
V¥ Rabbit 16 6100 9 8.7 45.7 1870
INC Concord 17 6850 152 15.8 29.2 2910
AN fagle 18 8200 2 10.2 2.4 3360
Chev Citation 19 1200 m Wi 3.8 2660
Chev Malibu 20 7200 32 13.9 2.8 3180
Dodge Aspen 2l 6700 2 10.4 3.8 1N
Dodge Diplosat 2 7550 k11 10.4 2.2 €40
Ford Fairsont 23 6350 140 13.1 2.6 2600
Nercury Monarch r 750 o 11.5 0.9 k19
0lds Cutlass 5 750 3 1.9 5.5 3.40
Pontiac LeMans » 7400 A 1n.g 5.5 1220
Pontiac Phoenix 1 7350 151 17.8 3.9 2650
Buick Regal 28 %00 pH 9.8 2.4 3780
Chev lapala 2 8150 il 12.1 2.} 259)
Chev Monte Carlo 0 7500 305 10.3 2.2 3380
Dodge St. Regis 3 8:00 _oJe 1.2 21.5 3730
Mercury Marquis xr €50 a0 1.2 20.6 n
Fontiac Catalina n 8100 3 10.8 2.8 3610

ure i i P { ne o c
Fig ultipl e ne ctlo or pric
e and singl spli functions f r L L
e 1in
scores plot, cars lab=led for rrice level ( = b
T 1 1 (u betw. ., <

« Jingle hat analysis,




ripure 3

o4

$ 9000

liultiple hat transfornition of price with remainin, varice

linear (omitted ) in the object scores plot. he ot ject
scores and the corrcsponding spline values are con: vClea

with dotted lines.

b4

- 18 - 1of

components accounted for 96X of the sum of all eigenvalues. From NCA
vith three coaponents and with less restricted transformations we may

expect the equal mmount or more.

Pigure 2: Tra

formatfions of public spending for varying degrees of

smoothnes

BRESULTS: THE INTERPRETATION

The results are reported coacisely. An extensive, conceptually more
detailed finterpretation with further smalysis {s VAN KOOTEN & VAN RIJ-
CKEVORSEL (1985).

The eigeavalues are well -nvwnbna._.m«nru first, .68, being three times

as large as the second, .22. The third ts half as important as the se-
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Figure 5.1: Category quantifications of the first dimension
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scations of the second dimension .’ . m«.ogﬁh‘ —? T2 q

Path. 2
' 500 1.00
LBO 0.59 1.00
WRK 0.26 0.10 1.00
glg  -0.15 -0.15 0.24 1.00
Tvp -0.28 -0.15 0.22 0.54 1.00
ONG 0.25 0.15 0.82 0.26 0.29 1.00
JGD 0.30 0.17 0.82 0.20 6.15 0.65 1.00
ABO 0.47 0.29 0.19 -0.10 90.17 0.14 0.18 1.00
TABEL 3: Korrelaties ruwe data gediskretiseerd
10
3 soc 050 -0.
- L8O 0.35 -0.62
WRK 0.9 0.17
or 818 0.30 0.64
| TYP 0.25 0.72
ONG 0.86 0.20
-5 JGD 0.86 0.08
ABO 0.37 -0.54
10 TABEL 4: Komponent-ladingen uit tabel 3
5
soC Y00 0.6¢ 0.3 U.15 032 0.33 U0.37 0.5l
o LBO 0.60 1.00 0.14 0.16 0.17 0.19 o0.21 0.33
WRK 0.29 0.16 1.00 0.24 0.23 0.83 0.82 0.24
BIB 0.16 0.20 0.28 1.00 0.55 0.28 0.25 0.14
TYP 0.32 0.22 0.25 0.54 1.00 0.34 0.18 0.21
-5 ONG 0.30 0.21 0.8 0.26 0.29 1.00 0.66 0.22
Jeb 0.32 0.21 0.82 0.20 0.16 0.67 1.00 0.30
ABO 0.48 0.3 0.24 0.10 0.18 0.19 0.22 1.00

TABEL 5: Korrelatie-ratios ruwe data gediskretiseerd
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T3 130 T
so¢c  T00
LB0O  0.65 1.00
soC  "1.00 WRK  0.32 0.15 1.00
LB0O  0.62 1.00 BIB -0.15 -0.12 0.26 1.00
WRK 0.3 0.17 1.00 TP -0.22 -0.12 0.21 0.55 1.00
BIE  -0.14 -0.07 0.26 1.00 ONG 0.32 0.21 0.76 0.26 0.29 1.00
TYP -0.15 -0.03 0.20 0.53 1.00 JGD 0.36 0.23 0.81 0.23 0.17 0.68 1.00
ONG  0.33 0.23 0.78 0.26 0.29 1.00 AB0 0.49 0.34 0.26 -0.09 -0.10 0.23 0.30 1.00
JGD  0.36 0.24 0.81 0.22 0.17 0.68 1.00
ABO  0.44 0.32 0.26 -0.07 -0.04 0.24 0.32 1.00
Tabel 9: Korrelaties na LINEALS
TABEL 6: Korrelaties na PRIMALS
so¢ "0.62 -0.61
LBO  0.48 -w.ww
¢ 080 <081 WRK  0.86 0.
Wmo Wam -0.53 BIB 0.26 0.71
WRK 0.87 0.20 TYP 0.22 0.73
BIB 0.29 0.71 ONG 0.83 0.24
: : JeD  0.86 0.15
TP 0.27 0.69 0.44
0N 0.84 0.21 AB0  _0.51 -O0.
JGb 0.8 0.11
ABO  0.50 -0.42 Tabel 10: Komponent-ladingen na LINEALS
TABEL 7: Komponent-ladingen na PRIMALS
s0C
0.66 1.00 0.17 0.12 0.15 0.23 0.26 0.35
"ww 0.33 0.17 1.00 0.26 0.21 0.77 0.8 o.mu
BIB 0.16 0.20 0.28 1.00 0.5 0.28 0.25 0.1
S0C IR T TP 0.30 0.22 0.24 0.5 1.00 0.3 0.19 0.20
LBO  0.65 1.00 0.18 0.07 0.11 0.25 0.27 0.3 ONG 0.33 0.25 0.78 0.26 0.30 1.00 0.68 0.25
WRK  0.33 0.17 1.00 0.26 0.20 0.78 0.82 0.27 JGD 0.37 0.25 081 0.23 0.17 0.68 1.00 0.32
BIB  0.16 0.20 0.28 1.00 0.5 0.28 025 0. 14 A0 050 0.35 028 009 012 0.24 0.30 1.00
TYP - 0.24 021 0.23 0.52 1.00 033 018 019 : -
ONG  0.33 0.24 0.79 0.26 0.30 100 063 025
JGD  0.37 0.25 0.82 0.22 0.17 068 1.00 0 32
ABO  0.48 0.33 0.29 0.07 0.10 025 0.32 1.00

Tabel 11: Korrelatie-ratios na LINEALS

TABEL 8: Korrelatie-ratios na PRIMALS
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Celedea  lutshoos r r r b b R? _

Xy xZ yz X Yy
linear _ -0.3804 0.8156 0.1534 1.0219 0.5421 0.316€
? vational -m.msw Ppwma o.waw _.Sw wwwww m.wwww
. step 1 -0.2302 0.7248 0.2189 0.8 . .
&.5 T\Saz. Sovizug vow crc there step 2 ~0.3847 0.8475 0.1406 1.0582 0.5477 0.8739
! was  Jo spline 1 -0.3891 0.8194 0.1663 1.0654 0.5809 0.9910

spline 2 -0.3884 0.8413 0.1655 1.0664 0.5797 0.9931

wMmech  @mphiag . . _ :
ﬂ S on 10) \g\%g m ?.a Table 11.2 Regression statistics for ten ditferent analyses
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| S : 1 . S L : » . * . ! Lty
& a
mf < m ' .
H H X _
: : TON PRE ADY OPY OPM BYA _
. . TON JT-00
,., : * H PRE | .63 1.00
3 : ] ) ADV | .74 .68 1.00
\ i ‘ . : oV | .37 .30 .34 1.00
L T 1§ LI H T T 7 T OPM | .24 .19 .24 .45 1.00
BVA | .31 .28 .29 .60 .35 1.00
TON PRE
tabel 3a: korrelaties VJTJ uit De Jong e.a.
H ' : » ' - 3 . ' . s -
N = : s TON PRE ADV OPV OPM BVA
- 5 - ToN TT.00
. ] PRE | .63 1.00
* g it ADV | .80 .67 1.00
H . . opv | .37 .27 .36 1.00
. : . OPM | .36 .21 .31 .48 1.00
A - 1 : BVA | .33 .26 .33 .59 .40 1.00
m (] . ww .
b ! ) s L L tabel 3b: korrelaties SMVO uit De Jong e.a.
ADV 0Py
VJT) | SMVO
PRE T .22 1 .17
: IR S S AV | .55 | .64
” . opv | .09 | .04
o s oM | 01 .10
. BVA | .03 | .01
: R TS T 57
- :
' 3 tabel 4: beta-gewichten en multipele korrelaties uit tabel 3.
* L]
i £
x T T
oPM BVA )

figuur 2: CANALS-transformaties VJTJ(+) en SMVO(0).




8S1 B8S2 8S3 B854 B8S5
-22- TON: VGLO -0.79 -0.76 -0.75 -0.6/ -0.88
L'R3 : -0.89 -0.89 -0.83 -0.88 -0.98

0.20 0.23 0.13 0.12 0.3

1.8 1.84 1.92 1.83 1.64

PRE: -1.32 -1.49 -1.32 -1.40 -1.40
-0.86 -0.89 -0.82 -0.90 -0.86
-0.01 0.21 0.06 0.13 0.04
1.42 1.31 1.30 1.14 1.24
2.26 2.02 2.43 2.58 2.34

ADV: -0.72 -0.64 -0.70 -0.62 -0.95
-0.80 -0.83 -0.76 -0.79 -0.89
0.39 0.41 0.25 0.25 0.60
1.99 1.94 2.04 1.93 1.60

oPY: -0.83 -0.49 -0.49 -0.58 -0.71
-0.08 -0.33 -0.55 -0.40 -0.19
1.51 1.12 1.61 1.56 0.23
0.31 0.65 1.15 2.20 2.60
2.20 0.25 2.61 3.02 2.27
2.68 3.93 2.22 1.65 1.98

-0.41 -0.37 -0.52 -0.37 -0.47
0.01 -0.28 0.03 0.61 0.08
0.53 2.97 2.36 2.93 2.39
4.11 0.93 2.32 -2.35 -0.21
3.4 2.11 2.85 -0.27 3.3
2.34  -0.09 1.95 -1.21 1.23

-0.88 -0.83 -0.88 -0.76 -0.93
-0.03 0.01 -0.37 -0.48 -0.27
1.08 0.63 1.73 1.20 0.71
-0.60 -1.04 -0.12 -0.17 -0.40
1.30 1.54 0.83 0.16 1.41
1.54 1.48 1.34 2.94 1.79

TON
PRE
ADY
OoPY
OPH
BYA

tabel 5a: korrelaties VJTJ uit CANALS.

TON PRE ADV  OPV opM  BVA

TON OPM:
PRE
ADY
OPY
oPM

BVA

BVA:

tabel 5b: xorrelaties SMVO uit CANALS.

VITJ |SHVO 8 .26 .21 .NM .20 .25
.68 .70 .1 .74 .68

PRE A 21 .13 1) .12 12 .10

) .06 .08 .07 .07 .07

ADV | .57 .11 .13 .07 .12 .14

oPY | .10 Rmult .84 .85 .86 .86 .85

oPM | .05

BVA | .10 tabel 7: CANALS analyse op VJTJ en op vijf bootstrap-samples

T ] uit YWJTJ.
g | .0

tabel 6: beta-gewichten en multipele korrelaties uit CANALS.
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SCATTERGRAM

Most parsimonious ordering of MEFV-curves with
respect to age and height.

The ordering is expressed in terms of 2 specific
weighted sums of the MEFV-curve variables. In this
way each MEFV-curve gets its position in the
scattergram.

PHASES

The scattergram has a boomerang-1like shape suggesting
two phases.

m:mmm 1 covers mostly the age range 12-14.5 yrs. Curve
variability is mainly related to differences in height,
mostly 137-164 cm.

Phase 2 concerns a larger age range mostly 14.5-18

yrs. Curve variability is also mainly related to
differences in height, mostly 165-197cm.

Ifo

%%

Non-linear canonical correlation 6

o0 internal panty procrses could gine central Pty
ircipline devient behavuiur The ehectorste wves a

St bt mist watiefy hen
party o brave

5.1 Dexcription of the data

In 1972 the members of the Duteh Partiament (MPs) were interviewed Among other
things. the MPs guve their opinions on a number of issues and ther preference
for the political parties. The imucs concerned development aid. abortion. law »
order. income diflerences. worker patticipation. taxation and defence. The opir
were medsind on a nine-point scale of which the lowest and the highest categor
were deneribed (Table 1) The party preferences were recorded in a table of rank

d

Table 1. The insuex and the meanings of the lowest and the highest category

1 DEVELOPMEXT At
0t should spend mor money ... the governmen
rveloping count res on aid to de

~houkt spemi ks mones
g countnes

the goven
o1 aid (o

2 ABORTION
shouhl prohibit () ......(9 e woman hax the cight 10 deende for
herelf abour el

3 LAW AKD ORDER

the governan
shortinn completely

the govern takes 1o strong sction ... M the govens, 1 take o1y
sgans public disturbanees action age disturbances

4 INCOME DIFFERENCES
wnevne differences shoukd remain an m ) mcome diferences shonbd become
they are much bew

5 PARTICIPATION
anhy mhoradd devade [ ®  workers
HAPOFLARL ) n erdunt ry in de
6 TAXATION

tanes whould be anereced for (1)) 1 tares &

wetfure

7 DEFEN
the gos connient should msint on ) (# the government
whrinkimg e Western armpes

orders. The scores in this table tell us the rank order each membwr of the
gave to the diflerent partiex (2 = highest preference. 15 = lowest preference). The
Towest score (2) wan always used for the MP's own party. For our illustration we
consider the preferences for the four largest parties. which are:

PvdA - labour party (socialists) (39)
ARP  Ant Revolutionary Party (christian democrats) 13)
KVP - cathotic party (christian democrats) (35)
VUD —liberal party . referred to as conservatives (16)
The figure in parentlwsen is the number of MPs. The other parties in 1972 were

CHU - Christian Historical Union {christian democrats) (1) N
Y66 democrats 06 (liberals) (11)
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Figure 1
SCATTERGRAM

Most parsimonious ordering of MEFV-curves with
respect to age and height,

The ordering is expressed in terms of 2 specific
weighted sums of the MEFV~-curve variables. In this
wWay each MEFV-curve gets its position in the
scattergram.

PHASES

- The scattergram has a boomerang-1ijke shape suggesting
two phases.

- v:mmo 1 covers mostly the age range 12-14.5 yrs. Curve
variability is mainly related to differences in height,
mostly 137-164 cm.

- Phase 2 concerns a larger age range mostly 14.5-18
Yrs. Curve variability jis also mainly related to
differences in height, mostly 165-197cm.
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5.1 Deacription of the data

I 1972 the members of the Duteh Parliament (MPs) were interviewed Among athes
things. the MPy guve their opinions on & number of iseues and their preference vates
for the patitical parties. The issues concerned development aid. abortion. law and

order. incme differences. worker puiticipation. taxation and defence The oping
were measunad in a nine-point seale of which the lowest and the highest categor
were deseribed (Table 1), The party preferences were recorded in a table of rank

Table 1. The insue and the meanings of the lowest and the highest category

1 DEVELOPMENT AID
the guvenunent should spead more money . @) the government shoukd <ol bess anoney
on wid to developing count ries o0 akl to developing conntries
2 ABORTION

the govermmnent should prohibin n (®) a woman has the right 1o deende for
abortion completely herell abe

3 LAW AND ORDER
the government taken oo rong action ... 1]}
agminst pabliec disturbisnees

4 INCUME DIFFEREN(

tcome differences shoubd remain as W9 acome diflennee shonld Isecame
they are

much ks
3 PARTICIPATION
y A9

6 TANATION
taxes shonld e anerced fog [y (1)) (L)

wetlar

7 DEFENCE
the gon e Tmist on ) (B
shrinking the Westerm armsens

orders. The scores in this table tell ua the rank order each member of the parliament
gave to the difterent parties (2 = highest preference. 15 = lowest pref v). The
lowest seore (2) wan alw avs used for the MP's own party. For our illustration we only
conzider the preferences for the four largest parties. which are:

PvdA - labour purty (socialists) (39)

ARP  And =.:.:_::::=J Party (christian democrate) (13)
KVP - catholic party (christian democrats) (35)

VVD —liberal’ party . referred to as conservatives (16)

The gure in parenthesen ia the aumber of MPs. The other parties i 1972 were

CHU  --Christian Historical Union (christian democrats) (1) N
D66 democrats 06 (liberals) (11)

:
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correlations betwern the optimally scalel variables and the canonical variates. the
canomical foadings ane standavd output of the CANALS program Ar the optimally
~andd the canonical variatex are standardized. the canonical loadings

o ¥ i

[
&
£
realed vanal ﬂ
correspond 10 the pragectoms of the aprimally sealed v arables on the canonical L
variates, We do not give the tigures for the canomenl spaces here Because the =
canonical cormvelations of both the ordinal and wumerical solution are vather high the _.
canonival loadimga of the first st are very aimilar to the canonical loading of the '
weond set. Therefore we averaged the canonical varintes over the wets Ro ar to get 3
one figure for the two sets togethe and computed the correlations between the W
aptimally aciled varinbles snd the wean canonicsl vanates These correlations. also
called component loadings analogous o principal compunents analysis can be L
computed from the canonical loadings when muluplied by ([(1 +4) 2] the canonical
toadings of the optimally scaled aviables and cunonical variates of the same et give
the component loadings of this et For the first dimension 2 ix 4, and for the wecond -
dimension 2 is 23 (ree Table 2) Ar we also standardized the mean canomeal variates
the component foadings correspond 10 the projections of the optimally sealed
arinbles in the mean canonical space (Fig. 3). The horizontal axis is the first mean
canonical variate and the vertical axis is the cecond mean canonieal varate. We ~e .
in Fig 3 that “income erences’ and “participation” are the most important i=sue
after which “taxation”. defence” and Jaw and order follow. “Abortion” and

L]
DUTCH PARLIAMENT 1872 b S B
. -Q__’m_ﬂ.,”f n“ﬂ-uv.-_nw.-w “-)I_ o e 0.8 F s ! T -“ \
m.., Peos A ww i :
Yy N -
Mw s nw
E . R R e o o
3 ; ¢ =N = PPR GP = GPV.SG = 8GP D) The bines thongl o the
| : B .“”.-”“..:lq.“_.__...q._h_..w.:._..q.‘_..—_!...:uw n..-..:“_._.... ,—...—_”._..._..1 The paraliel lines a—w..:.:u__“l_.. “” .—....—..“.”..._..., ““_".__.... “.......1.__...”2
L4

MPs are more regularly spread over Fig. 6. In an ordinal analyais the scores get a
ehane - to grow chome or extreme. which is not posible !
an ovdinal solut

g2

k 1 clusterimg and Cextreniisin® can be st ..‘.-._...N_..."‘-_..n...n..“_...__._nu.”__w_.”_...v.mﬁ.c_:_
solution of the sume data. But the plot of the component loadings of the _::.._....M.... |
z:._:_:‘: war clearer than that of the ordinal rolution. This is because in the '
numerical analysic the direction 1 the most important way to differentiste betwen ) I
the ...:...._..:_ MP=. fn essenee wee find the same ..c:zm.:.-:m.: in Fig. 5 asin Fig. 6 "
S | ”“”._-.“_4-1.:.-: on the _J.._: ,.J_..._.._..u_ =_=_.2.w preference _”:q._re 2441 and ARP the
R N 41[.:. atives are not so divided. The christian democratic MPs still think dificnently “

ally reabed Cagables s the e oreneal
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Figure 3. Comnpronent fouduges the progectnms of the ope
Apey (edinal ~olutea)
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5.4. The category guantifications

To get an impression of the transformations of the variables. we pive a plot of the =
original category numbem agninst the category quantifications (Fig 7) The points .
are connected to sliow the monotone transformation of each veriable (see Section

4.2). For the imsue ‘development aid’ we soe for instance that the MPx who agree with

. .Jl..l.l-_:.-.. . 211 fwal o} . $) .rﬂ...-lqn
s i3 .
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Figure 7. The transformations of the q-:-_._.....i:‘_lll.t!.E.:&a!qwcd .::.__tq,‘:.:_::.:::
against category quniv Mications (vertical)
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and Activity Alse the explanatory variables are considered to be qualitative variables. 3 - wiu

38 PSYCHOMETRIK A

: . TARLE
corresponding with the way these variables are messured in the survey In the first :
column of Table 2 :1 meaning of the categories is given, and in the last column the Qualitative Regression Analysis of Nappiness
mumber of people falling in each category. The total sample consisted of 4 108 peopie. all on Maritsl etatus, Schooling, Income snd Activity
being 15 years or older. '

In the second column the scale valves * for Satisfaction are given as well as the Variable Coefficients Coefficients Standsrdized Nimber of
regression cocfficients for the dummy-variables, ie. the vector & The scale values for {c end d) after scale values people
w-..u—um:o: are determined in such a way that Satisfaction becomes a quantitative vari- cencration

] ablke with mean zero and variance one. For the explanatory variables neither hoids. By
[ Rappiness
- TABLE 2 Unhappy -5.4) i
q Mot too happy -4,17 92
Qualitative Regression Anslysis of Satisfaction Mot happy, not unhappy -1.64 fdem {dew 561
. on Meritsl status, Schooling, Incowe and Activicy Weppy 0.28 Z 535
Very happy n.73 889 R
a” Variable Coefficients Coefftcients Standardized Number of
J (c and 4) after scale values people
centration - Marital status
rl Married ~0.14 0.09 0.46 2 %0
Widowed -0.84 ~0.61 ~2.94 268
Sattsfaction Divorced -1.16 -0.93 ~4.49 33
- Not too satisfied -3.43 264 Single -0.31 -0.08 -0.37 847
> Rather satisfied -0.8¢ 539
» Setfefied 0.25 tden 1den 1857 Schoolt
VS Very sotiefied 0.63 1 O8RS m.ﬂ.tlﬂh 0.03 0.00 0.28 2 492
0 Extremely satisfied 0.53 360 Medium 0.04 0.01 0.71 1 027
° Nigh ~0.00 -0.03 -2.48 401
known —_— -0.n3 -2.24 188
Maritel status o .
LS Married -0.21 0.04 0.26 2 940 Income (= Df1l. 1,000)
L Widowed -0.56 -0.32 ~2.34 268 <2 —T nloe -0.12 -1.22 1356
N Divorced ) -1.17 -0.92 -6.72 $3 21 - € 4D 0.10 0.07 0.68 1 689
[ Stngle -0.21 0.03 0.2 847 > 40 0.20 0.16 1.63 sS4
Unknown — ~0.04 -0.39 609
Schooll L
Low 0.1) 0.03 0.68 2 492 K
. N\ Activit
Wedium 0.09 -0.02 -0.42 1 027 ~ .F..A«I.m : 0.1 -0.01 -0.08 1 987
x/ uigh 0.03 -0.07 -1.88 401 Uneaployed -0.1Y -0.28 -2.17 65
© Unknown -_ -0.10 -2.69 188 \ Kot sble to work -0.50 -0.66 ~5.10 ns
0 ) ’ Retired 0.24 0.07 0.57 314
Income (= Dfl. 1,000 Student 0.27 0.10 0.80 336
. <1 -0.11 -0.12 -1.24 1 3% ~" Housevife 0.23 0.06 0.47 1203
71 -<¢s0 0.07 0.06 0.55 1 689 Unknown — -0.16 -1.27 85
~” > 40 0.19 0.i8 1.81 454 R
[ Unknowa - -0.01 -0.11 609
Activity
:nu:w“o“““os ._w..“ 0.04 0.17 198 Because Ey,y; is a diagonal matriz we can construct 8 (Er) x (Ir,) diagonal m: E- 4,
No vv— k . -1 % 6s with block-diagonal submatrices Ey, y;. The diagonal of A, contains the probabilities of
t sble to wor -0.86 -0.99 -4.35 118 o ; . ; *J.(4.2) tuens into
fetired 0.26 0.13 0.59 14 falling in the various categories. Defining €= [ P L ¥
Student n.17 0.04 0.19 336 cAcwl. 43,
Housevife 0.18 0.06 0.2 1203 ' i i
Unknown —_ ~0.13 -0.%6 85 . For the time being. we do not put separate normalizations on each of the c;-vectors. This

kind of normalizations can be done afterwards. Notice that the parameters ..._._. can he
considered as a product of a scaling parameter ¢, with norm 1 for each variable, and a
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TARLE &
Qualitstive Redundancy Analysis of Satisfaction and Happiness - >
on Marital status, Schooling, Income and Activity N -
— vamgle
Variable Coefficients Coefficlients Standardized ~—
(c and d) after scale values ’
centration
Satisfaction ¢ . .
Not too Satfsfied -2.46 : -3.3 Vg_hu TL...VS =~ -1 Ig_rh ﬂs‘r . "w‘\roﬁ ¢
Rather estisfied -0.66 -0.90 4 owJ -d
Satisfied 0.16 idea 0.22
Very satisfied 0.5] 0.69
Extremely satisfied 0.41 0.95% + —0 ° gs ﬁb"& .4. ”\-'4 m ﬂ\ﬁ-\.qk
. -

Happiness :
Unhappy -3.71 -5.49 -
Not too happy -2.7% -h.14
Not happy, not unhappy ~-1.01 {den -1.65

ey 18 o.ze :p_iia & 9ol Mantd Fahu ¢ oy mas%m

Marital estatus “ ~

Married -0.23 0.09 0.39 . " . 5 m. -
vidowed -C.98 -0.65 -2.76 8 | 0& Cone + 130 (& .S_q
Divorced ~1.63 -1.30 -5.52

Single -0.36 -0.03 -0.12

Schooling

Low 0.12 0.02 0.61 MQ~ h

Med$um 0.10 -0.0} -0.16 A*ﬁlm ) 9‘&_,.3 + - Jh ,\_E %1.80%% a

High 0.02 -0.08 -2.10

Unknown —_ -0.10 -2.71

Income (» Df1. 1,000) . 236 ?\.g Qnﬂg ¥ .Oww WOPL +
] -0.16 -0.18 —12 .}v

21 - <40 0.12 0.09 0.61 .

> 40 0.28 0.24 1.73 ~ .

prine - o B YoV o & -2y Acti, &y

Activity

Fmployed 0.21 0.02 0.08

linemployed -0.81 -1.00 -4.07

Not able to work . -0.98 ~1.17 -4,75

Retired 0.35 0.15 0.62

Student 0.30 0.10 0.42

Housewife 0.27 0.08 0.33

Unknown — -0.19 -0.78
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SATISFACTION

TABLE 1

Varjables from the study of chronic lung disease

set t VLA: Residence, (1) Vlagtwedde, (2) VYlaardingen.

§ ‘

-l

s set 2 SMD: Smoking, (1) never smoker, (2) ex-smoker, (3) current
8 smoker,

m RATE: Rate of mmoking (amount of tabacco), (1) never amoker,

(2) low rate, ....., (9) high rate.

M PER: Time period smoked, (1) never amoker, (2) short per-
[ lod, ....., (13) long period.

H TIME: Time since lanmt cigaret, (1) never smoker, (2) long
m 8 380, ....., (5) recently, (6) current amoker.

o »
3 B8 93 ds
b 2 uwk ° g e set 3 AGE:  Age discretisized into periods of 3.5 years, (1) age
| 3 HHE 3 ] 19-22.5, ,...., (10) age 52.5-56,

N o R IR =) SEX:  Sex, (1) male, (2) female.

IS A}
b
L set 4 cou: Coughing, (1) no, (2) persistent.

m by ©, PHLE: Phlegm, (1) no, (2) persiatent, .

. oy DYS: Dyspnoea or shortage of breath, (1) no, (2) slight/
§ . B/ . moderate, (3) severe.
- WHE:  Wheezing, (1) never, (2) ever, (3) severe.

m ) AST:  Aathma, (1) ever, (2) never.
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TABLE 3: Generalized canonical correlations: empirical
values (ev) and generated values at 5, 25, S0,
75 and 95 percent. Random permutation method.
From Year to Year data, multiple nominal, single
nominal and numerical.

mult nominal single nom numerical
diml dim2 diml dim2 diml dim2
ev 744 .570 .735 .530 .714 .496
5 .549 .532 .533 .511 .501 .482
25 .554 .542 .543 .521 .511 .494
50 .559 .545 .549 .527 .518 .499
75 .564 .550 .554 .532 .525 .504
95 .570 .557 .565 .541 .532 .514

TABLE 4: Generalized canonical correlations: empirical
values (ev) and generated values at 5, 25, 50,
75 and 95 percent. C-matrix method. From Year to
Year data, multiple nominal and numerical.

multiple nom numerical
diml din2 diml dim2
ev .744 .570 .714 .496
5 .553 .545 .509 .500
25 ’ .560 .550 .514 .503
50 .565 .554 .521 .506
75 .569 .557 .525 .504
95 .574 .562 .S535 .514

canonical correlation problems with p=2 ‘were computed
separately. The eigenvalues are in the first row of table
5, while the rest of the table shows percentiles of the
BD (all estimated by the random permutation method). In
the S & M analysis probability plots {given in figure 2]
show a large deviatiom from normality for the first
eigenvalue, all eigenvalues are very clearly significant,
however. All estimated PD's have small variance, we see
that >Ammvu>Ava.ou. except for dimension 1 of S & M
(which has a very light tail on the right, >Aom-|>Aqmvn
.035).

- 20 - _mw

TABLE 6: Generalized canonical correlations: empirical
values (ev) and generated values at 5, 25, 50,
75 and 95 percent. Random permutation method and
C-matric method. Russett data, multiple nominal
and numerical

Random permutation method C-matri method

msult nom numerical mult nom numerical
diml dim2 diml dim2 diml dim2 diml dim2
ev .815 .737 .687 .462 .815 .737 .687 .462
s .724 .695 .462 .397 .748 .710 . 457 .408
25 .754 .714  .499 .426 .77 .732 .480 .426
50 773 .731 .525 .445 .795 .745 .500 .443
75 .794 .752 .545 .467 .809 .757 .519 .463
95 .830 .778 .576 .488 .841 .782 .562 .488

CONCLUS1OMS

1t appears from our examples that both the random permu-
tation method and the C-matrix method give a fairly good
approximation to significance probabilities and permu-
tation distributions. In order to be sure, we shall have
to apply enumeration somewhat more extensively. We also
meed to generalize the exact computation of Gg to the
case of more. than two sets. But from our experience so
far, we can say that the Monte Carlo methods give the
correct indication of the order of significance, and they
show that with multiple options and not  too many
individuals the eigenvalues have to be very high to be
significant. It is not surprising, for instance, that
Gifi (1981) had great difficulty in interpreting the
second dimension in the solution for the Russett data.
Our approximations to the permutation distribution guard
us against chance capitalization, and against trying to
interpret effects which are not really there.
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Nonlinear Multivariate pata Analysis

Annotated References

Breiman, L., & Friedman, J.H. mmmwawwusn optimal Transformations
for Multiple ||mnmnmwm»o= and Correlation. J. Amer.
statistical Association, 8o, 1965, 580-619.

na__ Yt e

Advanced mathematical treatment of regression with optimal
ﬁm500n7mm, scaling by alternating least squares (called
alternating noum»nuosou estimation).

Gifi. A. Non-Linear Multivariate Analysis. Leiden,

The Netherlands: pept. of Data Theory. yniversity of
Leiden. 1981.

preliminary version of 2 book covering most nonlinear
multivariate techniques. Uses ALS throughout.

Gittins, R. canonical Analysis. Berlin: muw»:mmnucmn~mn. 1985.

Reviews statistical and WuQOH»araun theory for canonical

Analysis. contains many ecological examples worked out in
detail.

Greenacre, M.J. Theory wﬂMlbbbp»nua»oam of Correspondence

Analysis. New York: Acedemic Press. 1984.

piscusses Corrrespondence Analysis from the French point of
view. noavnovosw»<o. including wwnonwnza»o and statistical

aspects, with examples.

Heiser, W. unfolding Analysis of proximity Data. Leiden,

The Netherlands: pept. of Data Theory. University of
Leiden. 1981.

opmncmmom,.oonnmmuo:am:no Analysis as a way of umNnonapso
zcun»n»ao:m»oamu unfolding {1.e.. from the zcunwnpansmpoawu

scaling viewpoint).

Lebart, L.. Morineau, A.. & Warwick, K.M. zcwmmeH»mnn

Dmmnn»mn»<o statistical .bmwukm»m" corres o:mm:nm||wmmwkmwm
ey

Ve 2t o= ———

and Related Technigues for Large Matrices. New York: Wil

& Sons. 1984.

Translation of a French book on nonnmuuoanmsnm Analysis
{and cluster analysis). Elementary.

The Netherlands: DSWO-Press 1985 (.
e ertation) (reprint of 1973

de Leeuw, J. canonical Analysis of Categorical Data. Leiden,

The progenitor of the current work on
Nonlinea
pata Analysis. Algebraic. r Multivariate

de Leeuw, J. zlmmw»lmmmm-mmwmmwwmw\mmgmmwpm.m;gmuxmwm. In:

caussinus., H. .
Causs {ed.), COMPSTAT 1982, Vienna, Physica-Verlag.

monn»mm nm<»mt.0m <mnmo:m approaches to nonlinear principal
components analysis, including correspondence analysis.

de Leeuw, J. The Gifi system_for nonlinear multivar

In: Diday, E. (ed.) Data Analysi
. ysis and Informatics, V
Amsterdam: North Holland Publising Company. 1983. ot 2

Very concise review paper coverlin

g most of the material in
this course. Discursive overview
hs etieall . Difficult but not

Mardia, K.V., Kent J.T & Bibb
' , J.T., y., J-M. Multivariat Yy
New York: Acedemic Press. 1979. - ate Analysis:

Covers nearly all the models discussed in this course. but

without nonlinear data transformat
S tical. ions. Advanced.

Marriott, F.H.C. The Interpretation of Multiple Observations.

New York: Academic Press. 1974.

Beautifully written concise (117pp) overview of linear

Hﬂw“»<mﬂ»wnm analysis. Requires elementary matrix algebra

Meulman, J. :oaomm:o»nﬁtmmmumm»m of incomplete data. Leiden,

The Netherlands: DSWO-press, 1982.

Clear introduction to homogeneity analysis (multiple
correspondence analysis). Discusses missing data.

perreault, W.D., & Young, F.W. memmmmnpsnlrmmmn mmMmNQM|OMn»5mw

Scaling: Analysis of Nonmetric Data in zmnrmanM(wmmmmnnz.

J. Marketing Research, 17, 1980, 1-13.

overview of ALS methods as they apply to marketing research.




Young, F.w. Quantitative

Stone, cC.J. WQQWnucovmmbnmmmhos and _other non arametric models.

Annals of tatistics, 13, 1985, 689-705.

Discusses nonlinear regression and conjoint analysis
methods in a nonparametric statistical framework. Difficult
and advanced.

Tenenhaus, M., & Young, F.W. An Analysis and Synthesis of

Multiple -»mmmnlmmmmmmmﬁm-:mﬁﬁm_:m.r.lulo timal Scaling, pyal
Scaling, Homogeneity _Analysis and _ other methods for
quantifying categjorical multivariate data. Psychometrika,

S0, 1985, 91-120.

Compares the many different proposals for analysis methods
which are all equivalent to Correspondence Analysis.

Young, F.W., & Sarle, wW.s, maMHONUnOMN,xchn»cmmenm Data

Analysis. Cary, NC: SAS Hsmnun:nowlmmm., 1983.

linear exploratory multivariate data analysis. Detailed
examples. Little mathematics. Some nonlinear treatment,.

Psychometrika, 46,

Overview of the first five Years of developments in
nonlinear multivarjate data analysis, Algorithmic.
Intermediate mathematics.
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(1) 1980 Car data, taken from consumer reports, analyzed by Winsberg
and Ramsay, our analysis by Van Rijckevorsel.
33 objects (cars)
5 variables: price in $
engine size
gas consumption city
gas consumption highway

weight

(2) baby data, taken from Shirley, The first two years, 1931. Analyzed by
De Leeuw.
20 objects (babies)
71 variables (weeks) each with the categories stepping - standing -
walking with help - walking alone - not yet stepping.

(3) skiing resort data, taken from tourist information, analyzed by Heiser.
115 objects (skiing resorts)
6 binary variables: suitable for beginners
good for walking
lots of amusement
for advanced skiers
round trips on skis
cross country skiiing

(¢) banks and industries, analyzed earlier by Levine, our analysis by

Heiser.
cross table of 70 indutries and 14 banks, counting the number
of board members they have in common.

(5) japanese religion data, taken from Sugiyama. Our analysis by

Gifi, Heiser.
4243 objects

6 variables (religious practices): attending services
visiting graves
read religious books
visit shrines and temples
keep talisman
draw fortune

(6) American states data, from social indicator statistics, previously

analyzed by Wainer, our analysis by De Leeuw and Meulman.
50 objects (states)
7 variables: population
income
jlliteracy rate
life expectancy
homicide rate
percent high school graduates
number of days below freezing point

(7) Vlaardingen-Vlagtwedde data. Anatysis by Van der Burg, Van Pelt.
4000 objects
variables: set 1: Vliaardingen -Vlagtwedde

set 2: smoking habits
- ever smoked
- rate of smoking
- period of smoking
- how long ago
set 3: background
- sex
- age
set 4: symptoms
- coughing
- phlegm
- dyspnoea
- wheezing
- asthma
cet 5: maximum expiratory flow volume curve measurements
- PEF
- FVC
- etc

(8) uterine cervix data
126 objects {slides)
7 variables (pathologists) with categories - negative

- atypical squamous hyperplasia
- carcinoma in situ
- squamous carcinoma with early




’ stromal invasion
- invasive carcinoma

(9) Cities, villages, etc. Analvzed by De Leeuw.
792 objects (towns, cities, villages in Netherlands)
8 variables: social backwardness,

percentage lower technical education

percentage unemployed

public library present

number of types of schools

percentage of unemployed without proper schooling
percentage of young enemployed

number of journal/magazine subscriptions per family

(10) Event history data. Analyzed by De Leeuw, Van der Heijden, Kreft.
940 objects {(individuals)
1440 variables (minutes) with categories - work, including school
- being at home
- shopping
travelling

- other, including visits, sports,
culture.

(11) Whale data. Analyzed by Van der Burg.
30 objects (whale , porpoise , dolphin species)

15 variables (neck, snaut, head, beak, dorsal fin, flippers, teeth,
feeding, spouthole, colour, cervical vertebrae, lachrymal & jugal
bones, habitat, throat, head bones).

(12) Suicide data. Taken from German social statistics, analyzed by
Van der Heijden and De Leeuw..

about 50000 objects (sucessfull suicides)

three variables (sex, age, cause of death)

(13) Hartigan's Hardware. From the beok by Hartigan, analyzed by Gifi.
24 objects (nails, tacks, screws, bolts).
6 variables (thread, head, head indentation, bottom, length, brass).

(14) Multiple choice. Data from Introductory Psycholocy Course, analysis by Gifi.
190 objects (students)
30 variables (items)

(15) Crime and fear. Data from Cozijn and Van Dijk, analyzed by Gifi, and by

van de Geer and Meulman.
1216 objects (respondents)
10 variables, first six from a questionaire on crime prevention methods,

last four background
1. Re-ducation of offenders
2. Locking-up offenders
3. More severe punishments
4. Social work and rehabilitation
5. Labor camps
6. Better employment for potential offenders

First six variables five-point rating scaling from 5 = 'very effective’

to 1 = 'very ineffective'.

7. Religion (5 cats)

8. Voting (10 cats)

9. Occupational status (high to low, 7 cats)
10. Ace (low to high, 6 cats)

(16) Votes in Leiden. Analyzed by Van der Heijden.

—— e

Contingency table of 58 districts x 9 political parties, number of votes.

(17) Books. Constructed and analyzed by Gifi.
Contingency table of 20 books x 7 topics, number of pages.

(18) Intelligence vs schooling. Dutch Army Data, analyzed by Meester and

De Leeuw.
Contingency table of 8 levels of schooling x 6 levels of intelligence,

cells number of conscripts.

(19) Shoplifting data. Dutch Centra) Bureau of Statistics Data, analyzed

by Israels and Sikkel.
Comaound contingency table of (2 x 9) sex-age combinations by 13
types of goods stolen. Cells number of suspected persons.




(20) Spot patterns. Psychophysical Data from Guilford. Analyzed by Gifi. (26) GLO 64-65 data. Collected by Dutch Central Bureau of Statistics.

Contingency table with 23 cards with varying number of spots by Analyzed by Meester and De Leeuw.
nine 'equal-appearing' response categories. 10455 objects (pupils)
6 variables - test score 6th grade
(21) Munsingen-Rain data. Archeological data, due to Hodson. Analyzed - teachers advice 6th grade
by Meulman. - choice of secondary education
Presence-absence data. 70 varieties of objects are/are not in each . - final form of secondary education
of 59 graves. - occupational status father
- sex
(22) School-career data. From the SMVO-survey of the Central Bureau ‘
of Statistics. (27) Gibbs-Wilson data. From the work of Willard Gibbs, analyzed by
5464 objects (pupils in secondary education) Gifi, analyzed earlier by E.B. Wilson.
5 variables describing school career, all with 25 categories 65 objects (experiments)
6 passive background variables 3 variables - temperature
- province - pressure
- sex - density .
- advice teacher
- occupational status father (28) Well-being research. Data collected by Dutch Central Bureau of
- score arithmetic test Statistics. Analysis by lsraels.

- score language test 72?7 Objects
6 variables - satisfaction (5 cats)
happiness (5 cats)

(23) Journal preference data. Collected by Roskam. Analyzed by Gifi.
Ranking data. 39 psychologists rank 10 psychology journals. - marital status ( 4 cats)
schooling (4 cats)

(24) cylinder data. Using an idea of Thurstone. Analyzed by Gifi, - income ( 4 cats)
and by Van Rijckevorsel. ) - activity (7 cats)
20 objects (cylinders)
10 variables, all functions of height and radius -ov Comparative school careers. Two subsamples from the GLO 64-65
and the SMVO 1977 cohorts, datz by Netherlands Central Bureau
(25) macroeconomical variables. Analyzed by Van Kooten and Van of Statistics. Analysis by De Leeuw, Van der Burg, and Bettonvil.
Rijckevorsel. 1788 + 1519 objects (pupils)
31 objects (years), 6 variables: choice of secondary education (5 cats)
6 variables (indices) - factor shares, test score 6th grade (6 cats)
- unemployment advice teacher 6th grade (5 cats)
- profits school level father (7 cats)
- institutional constraints school level mother (7 cats)
- prices fathers profession (7 cats)

“public sector




i}

Auow»cmmm-aonm. Analyzed by Gifi.
47 objects (countries)

9 variables - Gini index of income inequality

percentage of farmers owning half of the land, starting
from below

percentage of farmers that rent all their land

= gross national product per capita

percentage of labour force in agriculture

- average number of years in office of first executive

- total number of violent internal war accidents in
1946-1961.

- total number of people killed due to internal conflinct

- stable democracy, unstable democracy, dictatorship

Auuwvovv data, interview of members of Dutch parliament. Analyzed

by van der Burg and De Leeuw.

138 objects (MP's)

7 + 4 variables. First seven nine-point rating scales, measuring attitude
towards development aid, abortion, law and order, income differences,
participation of workers in industrial decision making, tax increases,
money for defence. Next four: rank number of PvdA (socialists),

ARP (christian democrats, protestant), KVP (christian democrats,
catholic), vvD (liberals, conservative) in a rank order of all
15 parties.

(32) Population and emancipation. Data of the Netherlands Social Cultural

Planning Bureau, analyzed by Kreft en De Leeuw.

4693 objects (random sample)

4 +2+ 2 variables. First four attitude Questions concerning birth control,
and the role of government in giving information about birth
control. Then the background variables sex x political choice
(2x6 categories) and age (7 categories), and two attitude
questions concerning emancipation.







	a0001
	b0001
	c0001

