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ALSTRACY:

This is a vescarch report on the applicability of grouping teecliniques
to the data of international relations, While it is still teo carly to make
strong recomaendations for the "best" grouping method, the results of this paper
suggest some important charvacteristics of cuxrrent techuiques which should be
considered in selecting a grouping technique,

Several goals guided this research: First,to demcnstrate the
chara-~teristics of current clustering techniques by employing experiments with
krovn outcomes--plasmodes; sccondly, to suggest a measure 0f siuilurity. that is
advantageous in grouping experiments when correlations are of less meaning; and
thirdly, to employ the techniques investigated in the plasmode to a substantive
problen from international relations,

Dbata were collected on the mileage between a number of cities in the
United States. The cities were arrenged into two matrixes: one of 22 cities,
wvhich divided into obvious groups; the other of 60 cities, with no discernible
groups, The distance matvix was then rescaled to a similarity matrix varying
for 0.0 to 1.0, where 1.0 is the closest, The principal components of this
matrix wore computed and the similar.ties watrix was also hievarchically
decomposed employing en algorithm supplied by §. C, Johnson., The groups delin-
ecated br these techuiques were compared geographically on maps of the United
Stater.

The rescarch suggests that divect factor analysis techniques seen more
egppealing than the hierarchical clusteriug schemes for describing the structure
of the :paces defined by the plasmedes, liierarchical clustering schemes are

useful vhen the rescarcher wishes to break up a dense cluster of entitics, however,



1. INTRODUCTYION

Grouping nations, objects, individuals, or cascs by types is a brusic
step in deseribing phencuenon and building seiences The virtue of typirg ia
that it enables parsimonjous deseriptions of objects and facilitates relicble
predictions about them based upon their group fdeatity, Classification is the
process of ordering cases into groups that best represent certain empiricelly
measured relations of contiguity, similarity, er both. While this process
is certainly not new to the social sciences, it has been more readily asco= -,
ciated with biological tomoncmies., In taxonomic work in biology--vhere typal
distinctions have been built in a non-systematic (non-~quantitative) fashion,

it is becoming increasingly clear that a more systematic basis is required
for scientifically meaningful classification (Sokal and Sneath, 1963).

In political science voices are being raised for the use of systcinatic
grouping techniques (Kussett 1967, Rummel 1969, Brams, 1966). [The problen with
the prevailing types in political ucience is that the rational2 uvnderlying
the categorization is often not explicit. It is not clear vhether our "types"
recally divide different kinds of variance. Ii we are to deal in types & clear
and ewrirical basis for the distinc zions must be made,

Several techniques for grouping entities have beeu suggested reccnrly.l
I hav~ chosen two techniques which seem to be most fruitful for use in inter-
natioval relations., In order to investigate the applicability of thesc
techniques, a special type of "experiment" has been designed, This type of
expcecinent is one in which the outcone ig known before the experimentor begins
his oralysis and is termed a plasmoce., FPlasmodes are used when an aralyst

is irtarested in discerning the characteristics of his analytical teoels end

not the characteristics of the entitics under study., Caitell suggests the usce



3
of plasnodes to fnvestipite the properties of a specilic methad (Catteld,
1967). ke cornicents:
The vsefulueas of a placnode veatdes firet in helping us
evaluate the porer of various experincutal and enalytical
procedurcs to show that the data in any experiment does not fit
 particular wodel,  For, before applying the inveatigatory
preceduerces to be evalupted, we kpew already, by virtue of our
"back stage" iuformation, what actual structures should be
revealed,  From sceeing the degree to vhich they are revealed, we
are able to cvaluate the relative soundness of the given netheds
and inlcrential procedures. Jn all ordinary investigations, as
distinet from investigations with a plasmode, the gcieutist leans on
the belief that his experimental methods and statistical analyses
arc capable of revealing whether the duta has a structure vhich
fits some particular nodel, and on this assumption he procecds to
"substantive" discoveries in the given domain, In working with a
plasaode, precisely the converse approach is made, since the
technique not the substantive area is investigated. lie knows
exactly what the "substantive" structural answer must be, and he
is sectting out to discover things about the nethod...(pp. 304)
2. PLASHNODE

In order to keep the structure of a plasmode in its cimplest form,
a two dimensional problem was chosen for this investigation. When we deal
with only two dimensjons, we can plet entities' positions and then visually
search for clusters. For this purpose a common road map mileage chart of
several U, S, cities seems ideal. The mileage chart becomes a matrix of
distances between all of the citieg identified in the matrix, The matrix
is square (cities across cities) and symmetric (the distance from Chicago
to Detroit is the same as from Detroit to Chicago). The grouping of cities
ought to be quite casily recognizable., There may be more than one way to
define groups, depending on the size of the groups we wish to identify and
on the general.criterin we happen to apply. Any of these choices can be

teste::, however, against a visual inspection of the groups on a map to

ascertain their logical "meaning."
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r Y g i ¢, Chonern
Tvo plasnndes were eployad, The first contafng 22 clites, choser

to group into rather dMettner gata,  The second watrin contatus 60 cltics,

. gocont ) lows v fLCTY
which are spread out acroes the van. This tecon natrix allows us to R

tain the tendency of the technigues to deseribe proaps which do not scc 1o
be intuitively meaningful. Table 1 containg the 1ist of edvfes for haih
placrodes,

2.1 Factor Groups

He will present two methods of groupdng w-.tdons on rheir cistances,
The first netiod is a direct fector analysis of the distance natrixn (Rumeel,
1969, Section 22.2). The (mileage) distances are first rcaled to lie
between O+1,00, where 1.00 is the smallest distence, This transferms the
distance matrix to a similarity matrix, which i¢ thoen factor maalyzed
(principa) components) es though it vere a covrelatiom tatvix, The resuli-
ing factors define cities whosce pattern of distances frow other cities arc
interdependent-~sinilar in profile. Cities with high leadinge on tho saue
factor are similarly located in spuce,

The factors can be rotatad to orthogonal and oblique simple structure
to ascertain the clearest definition of groups. Using factor analysis in
this fashion brings out distinct groups: there vould be no ambiguity os to
the number of types or the membership of ecach type.z

In employing factor analysis, the principls anis techunisue was
appli=! to the similarities (transforned nileage) matrix, Rotation to ortho-
gona® solution wag performed on three factors in both experiwents. The choice
of this cutoff will be discussed later, Tables IJ and 11T present the orthe-
gonal .otations of the 22 city and 60 city plasmodes,

In the 22 city example, the factors define threc clusters. The first
clustes is centered arournd Albany, Hew York, and defines a group of eastern and

mid-western cities., The secoud factor, centeved around Colorado Sprirps and



DO DWW

s
= O

[V
N

13
14
15
15
17
38
19
20
21

Table 1,

Plasnode T

Albany, N, Y,
Ashville, Tenn,
Atlanta, Ga.
Atlantic City, N, J,
Baltimore, Md,
Binghampton, N,Y.
Bizmingham, Ala,
Boston, lMass,
Buffalo, N.Y.
Charlotte, N.C.
Chatanooga, Tenn,
Chicago, Ill.
Cincinnati, Ohio
Cleveland, Ohio
Cslorado Cps,.,Colo,
Columbug, Ohio
Dallas, Texas
bavenport, Iowa
Piaver, Colo,
Detroit, Mich,

El Paso, Tex,

v

List of Cities in Plasmode 1 and 2

OOV WN =

Plagmode 11

Albuquerque, N, M.
Atlanta, Ga,
Baltimore, Md,
Birmingham, Ala,
Bismarck, N.D,
Boston, Mass,
Buffalo, N.Y.
Cheyenne, Wyo.,
Chicago, Ill.
Cincinnati, Ohio
Cleveland, ObLio
Columbus, Ohioc
Dallas, Tex,
Denver, Colo,

Des Moines, Iowa
Detroit, tich,
Dubuque, Iowa
Evansville, Ind,
Ft, Wayne, Ind.
Grand Canyon, N,M.

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

50

Glacier Nat, Park,Mont.5]

llelena, Mont.
lizuston, Tex,
Indianpolis, Ind,
Jaclwon Miss,
Jacksonville, Fla,
Jefferson City, Mo,
Kansas City, Mo,
lansing, Mich,
Little Rock, Ark,

52
53
54
55
56
57

Plasmode II(cont,)

Los Angeles, Calif,
Louisville, Ky,
Memphis, Tenn.
Milwvaukece, Wisc,

Minneapolis,St.Paul,tiinn,

Nashville, Tenn,
New Orleans, La.
New York, N, Y.
Omaha, Neb,
Peoria, Ill,
Philadelphia, Pa.
Phoenix, Ariz,
Picvre, S.D.
Pittsburgh, Pa.
Por!land, Ore,
Raleigh, S.C.

St, Lcuis, Mo.
Salt Lake, Utah
San Francisco, Cal,
Scattle, Wash.
Spol.ane, Wash.
Springfield, Ill.
Springfield, ilo,
Tampa, Fla,
Toledo, Ohio
Topeka, Kansas
Tulsa, Okla,
Washington, D.C,
Wichita, Kan.
Yellowstone, Vyo.



Table 2, Orthogonal Rotation (22 cities

Factor
City 1 2 3
Albany ¥ 9203 0284 2150
Asheville 2 4976 1939 7964
Atlanta,Ga, 3 3836 2437 6672
, Atlantic City 4 8420 0240 3736
Baltimore 5 8253 0927 4366
Bingham 6 9137 0772 2673
Birmingham 7 3501 3416 8240
Boston )] 8750 -0600 2307
Buffalo 9 9059 2006 2502
Charlotte - .! 10 5321 1293 7733
Chatanooga 11 4410 3034 6095
Chicago 12 6719 4831 3636
Cincinnati 13 6808 3631 5396
Cleveland 14 8346 2916 3659
Colorado Sp. 15 1593 9253 1181
Columbus 16 7514 3411 4701
Dallas 17 1317 7084 5252
Davenport 18 5953 5701 3525
Denver 19 2012 9304 0743
Detroit 20 7968 3353 3571
El Paso 21 ~0745 8274 2609

Erie 22 8769 2409 3045



Table 3, Orthogunzl Rotatson (60 Citics)

Varizl) ‘Copmunality Factor
Ne. Nae 3 Factors ] 2 A
1 Alhugnerque 824 209 €45 . =604
2  /tlanta 870 684 067 =629
3  Haltinoie 671 903 0066 -227
4 Biwminghien 694 646 134 -676
5 Lisnarck 8§01 505 720 «167
6 Loston 767 871 -001 ~095
7  hkuffalo 860 907 156 179
8 Cheyenne 841 375 750 -370
9 Chicago %12 814 366 340
10 Ciuncinnatt 021 83¢ 234 «402
J1  Cleveland 924 904 216 «245
12 Columbus 922 870 214 -345
13  Dballas 889 379 387 =771
34 Denver 835 345 7122 -442
15  Des Yoiner 863 661 511 =559
16 Detroit 911 880 256 =245
17 bubuque 876 i 446 344
18 lLvansville 910 746 270 =530
19 Fe.Rayne 927 855 289 -330
20 CGrand Canyon 805 053 733 -51%
21 Glacier Xati, 847 250 886 -0006
22  Helena 870 249 895 «083
23  Heuston 84l 355 294 «793
24  Indiena 928 820 285 =417
25  Jackson 900 535 188 =760
26 Jucksonville 779 624 -023 =624
27  Jeiferson Cirty 891 643 407 -599
28 Kansag City 684 $79 484 -561
29  lLansing 899 664 286 «260
30 Little Rock 908 538 300 =727
31 lo3 Anneles 725 =077 721 =446
32  lLouisville Yls 795 232 «479
33 Merphis 915 603 255 -692
34 hilwankes 831 g0l 391 =295
35 DMinn.-Sc. Faul 824 677 S4t, =265
36 Nashville 203 714 193 =597
37 Mow Orleans 649 405 151 «769
38 lew York 821 £90 024 169
39 Onuha 858 565 566 =429
40 Peoria £99 753 367 «428
41  Pufladelphia 450 900 046 =191
4z  Phoondx 769 0635 66 -566
43  Plovre 814 S07 6%9 «269
46 Pittshargh 215 90 161 «2417

45 Portland 799 025 £yl =008



Varjable
No.  Eame
46 kaleiph
47 St.louis
48 Salt lake City
49 Son Yrancisco
50 Scattle
5 Spokene
52 Springficld,),
$3  Springficld,l.,
34 Tarmpa
55 Tolcdo
36 Topcha
57 Tuvlea
58 Washington
59 Wichita
60 Yellowstone

Coucwunulicy

813
209
£5)
700
£06
£56
902
£9¢
737
230
874
884
865
873
685

L

805
702
186
-C7¢
1128
1G4
731
5¢1
$63
890
5.9
LEL
£a2
474
27%

Factoy
!
015
3%
853
793
£93
910
373
400
=054
261
510
436
066
547
879

<400
«5L0
=296
=239

056

‘019
«478
-033
~645
263
-559
-677
=253
-(17
«190
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Penver, 15 a greup of Kocky Mevntafn and South Vestern cities, vhile the
third factor is & routhern dirensfon centeved erowed Atlauti, Georgia,

In the 60 cfity cnee, the cutoff criteria for rotatjon was three
facturs, The foumrth factor expleined only 2.7 percent of the variance with
no Joadings ehove .5, The first cluster, by far the stroagest, centoered
around Pittsburgh, Cleveland end Baltimore., This factor ic centered in the
FKast and groups citfer both Yest and South, The secoud factor i centercd In
the Forthwest at Spokene and covers the test, The third facter loosely
centcers around liew Orleens ond Houstou., This factor has vo high loadings on
it. M ¢ of the citics ere included within the other tro factors in the
southcrn gtates both to the cast aud west,

The §nfovmation presented in the factor tables can also Le conveyed
using a2 nap of the Unfted States. The observer cen more casily check the
structuring of the platnoue experiments with his intuitive "feel" for the
grouping of cltics based upon milease cistances,

The groupings of cities are rendily discerunible in the map presenta-
tion. The contours or concentric circles on the rap refer to factor loadiug
criteria. Thus, the inner, thin circle clucters c)l cities with factor
loadings above ,E65 on tlie sauwe factor. The other circles refer to loading
eriteria of .71, .50, and .30 respeCtively, Turiing to the groupinge, a
nid-ssiatern group might have been erpected. Theso mid-vestern cities were
fncluccd in the other grcupsz, but they did not group inte a geparate clusier,
In beth plasmedes these citien would have grouped if a feurth tactor had veen
emnlored, The perceatage of varfence accounted for in a fourth fector in coch
case s very Jor., The leadinzs were below 500 and the factois would not have
been votated under wornnl eviterfa of the strength of loadinze or a SKREL test

(Cottll, J9G06). They vere not euployed in tha plasmocde for the same reasoas,
’ 7 pLo; p
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11

Both factor structureg were rotated to en obligqre, biguartinin
solution, Cbligue rotziion was éerived to ascertain the relarivaships
between the group factors in this enalysis, If the factors ave highly
fntercorrelated, cach grouy: is overlepping the other groups aud the factors
arc not equclly defining « cluster of dycds, The privary pettern pairis bac
been interpreted in the 22 ety euperivents, Tvo sharp foctere appesred with
a third factor showing sone noderate ldoadings, The three fectore are quite
similcr to the ortheponal solutfon cxcept that the fivet factor hoc six cities
loading above .86,vhiile in the orthogonsl case there were only five, Albany
and Binghanton ave at the center of the first cluster, The sccond factor
centers around Denver and Colorado Springs,vhile the third factor is o
southeru factor looscly centercd at Atleuta,

The factor coryelation uatriv thows that factore 2 an’ 3 have a

moderate correlation., Fector two is 2lightly lese rcleted to eitler factor ) ¢

1 2 3
1 -
2 . 2679

3 h322 «3210 L
3. Thus the groups In the Kast and the Seuth reenm more anscefated vith cuch
other than c¢ither s vith the vestern group,

In contrast to the wild changes assocfated with the shitt dn voiptlos
on th- 22 city matrix, c¢hlique factur anadyeds of the 60 eity potivdu prodiccd
stri! ivg changes {ron thie orthojonnl anglysis, In thie pluszocs there 2. oaly
one v2ll defined cluster, A)l five of the cftfes vith doseings chove (&6~
Bismar &, CGlscier, Volena, Tlerre, and Yellovstoue-=are crrally entral te
the ¢ tuster defined by the factor, Ounly cieht of the (0 citics have a donding

of ler3 thea .50 on this factor., Tt wvould eppeor that tie oas factor seccuats

for mast of the spacinl vaviation in eftdcs,



City

Albany
Asheville
Atlenta
Atlantic City
Baltiiore
Binghanton
Birminghan
Boston
buffalo
Charlotte
Chatanooga
Chicazo
Ciancinnatd
Cleveland
Colorado Sp.
Coluxlus
Dallas
Daverport
Denver
Detroit

El Paso
Erie

Teble 4,

o Pt Pt
= O WAV WVEWN -

LX) -

Pt pud b Pt Pt
XL ~NOVY &

19

NN
~N - O

Oblique Rotation (22 Cities)

9£07
4035
2619
8083
8343
9607
2236
9352
9440
4508
3298
6407
6347
8394
0808
71261
0009
5539
1340
7954
-1934
9004

N
-0286
0386
€932
-1173
-0521
~-0539
2060
-1391
0794
-0299
1581
3830
2336
1665
9410
2127
6578
4872
9481
2178
6426
1172

0342
6973
7997
1624
2252
0173
7469
0098

-0184
6722
7109
1508
3375
1144

-0608
2446
427
12534

«12)6
1089
1778
0430

12



City

Albugucique
Atlanta
Baltivore
Birminghan
Bismorlk
Boston
Buffalo
Cheyerne
Chicego
Cincinnati
Clevelaund
Colurrburn
Dallas
Denver

Des Hoines
Detrost
Dubuque
Evensville
Ft. Hayne
Grand Canyon
Glacier hat,
Helena
Hougton
Indiana
Jeckson
Jacksonville
Jefferson City
Kansas City
Lansing
L‘ttle ROCk
Los Angeles
Louisville
Memphisn
Milwaukee
Minn.=St, Paul
Nashville
Hew Orleons
Kev Yorl
Omaha

Peoria
Thiladelphia
Phoenix
Pierre
Pittshurgh
Portland
Raleigh

St. Louiﬂ
Salt Lake City

Table 5,
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6470
4655
5754
4423
8794
5020
6509
8291
76£6
06759
6284
6771
5350
7885
7984
7206
7959
6512
71293
6288
86706
8745
449
7064
4625
3414
7033
7292
7323
5557
5439
6476
5597
7815
€350
5700
4032
5334
£056
71507
5579
5650
8636
6559
7438
L7006
6943
8C40

Factor
ke
5698
0352

~3337.

1612
1206
-£363
~3339
3516
~0803
«1044
«2060S
-1716
48L5
4060
1159
«2338
-0001
0542
~1361
6328
221¢
2803
4756
«06626
3055
0717
1902
2600
~1942
3257
6545
«0257
2427
=-09%)
0)€r
0863
3240
«3848
1914
0261
~30657
06543
1830
"28’09
3563
-1713
12G7
’05(‘«

2993
3358
-0902
3765
~2097
-1311
«1607
0059
~0464
0403
-1170
~0151
4729
0684
0255
-1231
«0454
1740
«0404
2410
=3255
«2576
5264
0447
4719
asa12
1934
1930
«1060
4056
2221
1242
3685
-0
=1236
2669
5055
=12¢0
0449
0404
«1162
ni
-1119
-1032
-2559
1174
1728
«0325

13



City

San VFrarcisce
Seattle
Spokane
Springficld,T,
Springficld,it.
Tampa

Toledo

Topelka

Tulsa
Washington
Viichita
Yellovstouce

49
SQ
51
52
53
54
55
56
57
58
59
60

6065
7678
8377
7264
6624
2809
7271
7333
6359
5695
6953
8769

13a

2
0120
-3271
-3280
1026
2811
4283
-1090
1950
3412
-0631
2670
-1636
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In addition to the major factor, two minor factors appear. The
first is centered around the Grand Canyon and the second around New Orleans
and Houston. These twe minor factors are bipolar in that the loadings define
a group of cities that arc positively loaded on each factor and another
group that ave negatively loaded on the factors, The implication of bipolar
factors will become clearer when we turn to the geographic displays.

In interpreting the oblique rotation in the 60 city plasmode, the
reference structure matrix was employed rather than the more customary primary
pattern matrix. Two criteria were influential on this decisilon, The
primary pattern matrix had 29 loadings above .86 and all Lut three leoadings
above ,50. The dinterpretation of grouping procedures would have been very
difficult with the primary pattern, The factor correlation matrices also
provided information for choosing between the two rotations,

The primary pattern corrclation matrix:

Factor 1 2 3
l ———
2 - 44 e
3 .56 ~-.717

The reference structura correlation matrix:

Factor
1 S
2 -.00 e
3 -.41 .70

———.

By discussing the refereuce structure matrix we are able to reduce
the correlation betweén factors 1 and 2 and in general reducce all corvelations
betwesn factors. Because of the very high loadings for the prinary factors
and the high corrvelations between the primary facters, the reference structure

matrix was s2lected as giving a clearver simple structurc,
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The geopvaphic prevevtetfon of the two plasuedes desoustratles the
grouping of citles fn both plaszodes, In the plesucde with 22 cities there
ie Jirtie change fu the geographic lecntfen of groups frow the erthogonal
cagc.  The mont wotible change is tie shrinkage in eize of the two smaller
grovps: both the Sccthern and Vestera clusters eome nove sharply §n focus,

In the €O city plasvoce rore striking changes occur, er ve should
expect, elven the diffrences viifch appeared fv the interpretation of the
factor matrfces, Kow, there §u onc levge grouping centered in the Xorthwest;
citfies group frem the Kast and South as the loading eriteria s relaxed fren
o866 to .71 ~nd fiually to .50, The two veak factors are centered in the
Southerest and the Seuth, In groupiug cities according to loadings, two emall
grovps appear which have opposite leadings on each of the mino* factors., One
of these groups--desipgnated by dashed lines ir in the Fast and represents
the bipolar loadiugs on the soutlnrestern fector. The other small group s in
the fax~ Northueest and is the reverse of the Southern cluster,

While all the groups arve interpretable, cblique solut’ons do not scem
to be quite as reenfngful vhen there are no clear cut clvsters of cities e
in the 60 city plasmode, The anunlysis tends to produce groups vhich are teo
large to interpict easily., 7This is duc to the fact that a Jerge group of
cities tend to have the same pattern of distances across all cities and there-
fore ciuster teogether even theuph they are quita distent fron cach ather,

2.2 iderarchica) Clustorine Scleme

Another retiiod for grouping entities e based upor the distance
betuvcen all pojuts in space talen one et 2 time rather than the patterns
of varistion in distances acress all entitices associated with ractor aralyric.

Factor analysis Jooke at a matviz of cities an o series of vertors,
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Thus, factor analysis begine with a squarc symaciric uabrix--
citics by cities, in this case--of sfzilarftiecs, The resulting factors
definc citfes whose pattern of distences frwn other cities ave fntevdependent=-
eimilar in profile, Citjes uvith high loodings on the szee foctor dieplay
similer patterns of distenccr dewn thelr recpectiive colun vectors end nye
thus sinflarly located in gpace. In contrast, this nee ucthod Leflds a
hicvarchical grouping of citfes and preduces a texonouie trec or dendroayin
with citics that are closest in distance on the bottea of cach branch., This
tecluique $5 closely associated with biolegical sciences; the uethodology is
the same as that enployed fn Luilding tesononmics of reptsides, wacnels or
incects (Sokel aud Sueath, 1963).

Several techniques by which a dendropian can be Luflt liave becu
pubiished., The most recent of thea is by S. €. Johnson (12674, It eubsvuce
Ward's (1963) groupiug technigue and that c=ployed by Sokal) end Sneath (19€3),
The tcchnique operctes on either a dictence or sinilsritice tisirix. 1t groups
objects on the basis of thefr distances from ench other., Thus the closest
two p~ints in space will be grouped togather first., The next closest entities
are vvouped sccondly, and go forth, until 2l) entitics ere in a single group,
The key to the method is replacing tuvo (o more) objects (cities) with a
single entity (cluster) that defines the distance betucen the nsuwly forued
cluste: and al) other cfties ov clustere. When two ecftics foy: a group,
there are two slternative dictences botveen the group ond the cther entdtdes:
the original distances betueen both of the citices that joined to form ti
group and the other entitjes net in the group, Johmren's progras allowe the
choice of either the maximu distance (the greater of the tua Hatances)
or to miafuun distence. Me teris these alternativa chofces 1he Pancter and

Coumectednens nethods respectively, The reculting tovencies are fnverjant
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wnéer wonotone transfornaifons of rhe sinilority data. Thus, we ueed have
ouly remk order confideace in our data.

The gic-cter method aticapts to uinfeize the diureter of the groups.
Thus the din~cter ucthod buflds gronps by adding & city to a group 4f the
paxjnua distance betvecn the city and grovp menbers is smaller than that
betuvcen the group eand other cftice not $n the grewp, Every time a group is
forred between two citdes x and y there is a choice as to which digtence

ve should use to represent the distance from the group /x, y/ and other

citi~s such as Z, 1he diancter method makes the chiofce of the maximem distance

Suse @ e

d({x,y],z) « max iﬁ(x,z), d(y,2)].
viicre ¢ » distance
{7,y = a cluster of cities x,y

2 © another city .

The conncctednese mcthod, houvever, adds a city to a group if the
mintr. dietence betveen the city and any wember of the group is smaller than
that between the group and other cjties not in the group., In {its choice of
distarces betveen the group and other cities the criteria eaployed is the

fnlufenn distarce

d(/x,y/,2) = nin /d(x,2),d(y,s)/
vhere d = distance
/%,y/] » & cluster of eities ¥,y

z = another city

The coaneetedness method tends to build chains of entitjes that are causepc-

ghaped. with the length of the seusage chein mininized,
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Using thie sarc plaseodes ewalyned vith factor esunlysis ) have erployped
Johmson’s Nierarchical Clustering Schese (ICS) on the ociginal distacce
matrices, I will dicpley the resudts in two forae, Firast the dendregrans
will be described end then the geonctric interpretations of the dendrograss
vill be presented on maps of the Unjted Siates,

The fourm chosen to precent the dendrogrow needs clerification, 7The
progris: print-out includes a dendrogreai videh has a level fer coch difforens
distonce (similerity) in the matviz, JThese levels or branches $n the dendreosren
are too nuncrous for interpretation and corpariren uith previous results, 1In
order to make the hierarchical cluetering amalyces cotporable vith the feacicy
analysis results, I calculated the mean (%) nuner of eftice that greuped ot
each of the four levels of clustering in tie factor vesulty (.86, .71, .50, ond
«30). The nean size of each of the fuctor groups vas used as » criteria fev

¢
defining groups in hiferarchical clustering, For ihurnncc, tht' vean slze of
the tightest cluster groups (.5606) in the foctor analysis of the 22 city ;leecele
was three cities. 7The first groupiung of at least three citiee fn the dendrogrins
was chosen as the first cluster. These levels erc Jdentified s & levels {n the
figures. At eech R Jevel additjioual groups taat have forued since the lasi
level irce ddentified regardless of sinc,

The dendrograns for both 1'CS tecimiques on the 22 efly plasnode are
reperted dn figurec V aud VI,

The dinncter method hes grovped adl cities batore the Jast level (221),

The comecteduess nethod docs not pull in Kl Paso and ballas until the 277 dewed,

[£]

Figureas VII and VII1 puesent the gemsetric displeye,
The diareter nethod gronps cities Into & reradngfol groapsy the Eoet

Midws st, South, and Vest. Tht conucctednson nethol docs not ¢ ole as clea

arouping of cities, hovever. The nmajor grenping iu dn the Lactelliduester: aves,
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Dendogren for 22 Cities

Figure V.

Comncctedne o Mathod
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12N
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opxes fo.s 22 Citice

Do

Figuce V1,

Dirncter MNothod
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but the subgreovpings inside this arca are not clear, For instance, Cincinnati
and Eoston ave in the sove grous, but Atlaatic City and Baltiuore do not jois
this group entil loter, It would appear thet in this case the diametey methed
groups clties into necater clusters and tends to account for all the cities at

Jower N levels than does the connectedness method,

The 60 city matrix of distances was analyzed in the same manner.
Figures 1X-X prescnt the dendrogrems and figures XI-X1I display the geometric
interpretations of the 60 city plasuode.

In the conucctedness ncthod, 16 cities are grouped only at the 60N level

in the dendrograms, while all cities are accounted for in the diameter
nethod prior to the 60N levels, ‘looking at figures XI and XII-~-the results of

groupings presented in geometric representations—-the connectedness method does

not ¢roup several of the citics, That is, several cities do not belong to any
uf the groups delincated by the diameter method, It does group the large bloc
of miduvestern cities which did not ceme together in the factor analyses oi this
matrix, however., The dianecter method (Figure XII) groups all tae citics, but it
resulrs in some vhich ave difficult to interpret, For instance, the divisions

on the Kansas - liiscouri, border are difficult to substantiate. The breakdown

of greur. in the nidwest is quite misleading.

2,3 Counclusions from Plasmodes
i2 have vresented two different plasinodes, The first--22 cities--
plasmcde contaj-d clearly recognizable groups, The second plﬁsmode on 60 cities
did vt cortain a simple grouping. There was a high density area in the wnidqwest
and an alnost equal dispersion of cities on the map. Several suggestions can be
rade on the advisability of using cach of the four types of analysis on a matrix.
it would appear that direet factor analysis of a rescaled distance natrix

i nmore applicable than the HCS technicues in both the simple structure and the

corplexly structuwred case. Vhen simple structure exists in the date, oblique



60N

27N

BYON
&

5
.
N

o P
P C e
- - Y7

.. - -4

/[ o ) o
)ﬁ/ S T
) e, o r.f.u\w

<7 G

W
\?‘;\\'..\\'
(




Pendogram for 60 Citices
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30
dimensions arc n better vefevent rystes than the orthogenal dincnsions, Note
the shrinkege of clusters froa ortiogona) to ollique in the 22 city plarrode,
Hhen the data pofints do not elearly clusier in epacc, orthogonal rotatien
appearsg more uscful fi deffning groups thon obligue factors, Oblique rototion
is not employed by all eanalyzte vho vse factor 2aanlysis, Tor exemple, Furt
(1940, p. 266) hes argued for orthogonal rotatica vathesr than oblique. Yrom
our 2 plasmodes, it wvould cecm that the crgusent s vel) founded vhen simple
structure doce not cxist in the deta,d

In the UHCS anclyees, 3t would appery that the diwucter method it better
when clusters are clear end unambiguouc., 7The 22 city caze points te this
conclusion. Oa the othir hend, the dizncter nethod tende to break dovm vhen
there is no epparent structure as in the 60 city plassede. On2 distinet
advantage of the NHCS technique is that both criteria group citles in the highly
dense miduestern section of the 60 city plasnode, The vescarcher whe finds he
has » large group of entiticec all clustering 2t one poiut in the space defined
by his data matrix mipht vish to look et both connectedness and disncter methods
and to chioose the more interpreteble of the tuvo techriques, 3f he wvishes to
make distinctions within his highly clustcred proup.

To reiterate, che direct factor analysfe techniques seen more eppealing
than 1HCS techniques in describing the structure of the space dellned by the
plasiodes, The cliofce between oblique or orthogonal golutions depends upor thc
conplexity in the data. UCS is a uscful technique vhen the rescavchor viches
to bresk up a dense cluster of entities with the disncter vethed bedng slicitly

morc anplicable in this case,



3. SURSTASTIVE PEAPLE
Ay enadysls of couflict data vill be presented to extend the findings
of the plarnode experiveots to interratfonal relatfons, DPata have boca

collccted an dyadjc cenflict behavior frun the Hew Yori: Times for 1963, The

resulting watrix vas 26 veriables for dyadic conflict over 275 dywuds. This
natvis ves factored (principal coaponcnts) and rotated through orthosoual er
obliquee colutfour(iinll and Rurncl, 1965), Of the 275 nations in the study,
only Gl had a sjcnificeat sount of conflict en et lcast one of the {ive
dimcoesfons, Sicufflicence iz defined av a factoer gcove of 1.50 or higher, Tuwo
of the Hall and Kwzuel factors will be employed in this oanealysis: Unofficis?
fucidence of vivlenece and negutive comuunication., Negative communication i«
fudexed by such varfables as accusations, and protests, vhile unofficial
virl-nce is related to attacs on esbossies, persons, or the flag. Only these
tvo diuensjons veve used in ordsr to keep the geometric interprectations sim; le

Factor scores for eanch of the 63 nutions exhibiting significant ccaflice
in the original nntrix were orponized into a new matrix, The order of this
new watrix was 61 by 23 61 wmatfion dyads as rove and 2 factor columns, These
scores Jocate c¢ach éyad in the space of the two confliet dimensions,

Once the dyads are located, the next step 4s to delincate thedr Clotuace
from ~=ch of the other dyads ia the conflict space, The Fuclidean distaace
measi.c has gained a good deal of support as a similarity measure (Cronbach
and G_user, 1953; Nunnally, 1962), 1t measurcs both elevation (proffle aver-ge)
and scotter (profile standard deviation) similarity as well as similerity {u
nrofile shape, 7Thus, it detcriines precisely the congruence of spacia) lecztiorns,

The distonce weasure is:
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vhere S¢y = dyad %'s score oa tic (e

factor

8,. = Dyrd A's scorc

Lk

p = the mmber of factor delinipg
the space
In this care only.two dincnsions are cuployed. The techajqus §s generalizable
to as mony dirnenszions as are required to define the space, houvever,

Once a matri» of distances hae heen developed, the clustering of dysde can
be determined in the saime nanner as has been done $n the plascodes, Figuro 1711
shows the steps undergone in the analysis. 1he geonetric interpretations of
the orthogonal solution are presented in Figure X1v,

The orthogonal factors define three clusters. The major factor is conitoved
arourd the anis. Huch of the group is lecated in the negrtive quadrant o, Loib
negative communications and unoffjicial incidences of violence, hovever, 7Thic
counter intuitive observation dees not ncan that the dyade displey a negative
amount of hehavior used to name these fectors, It significes that vhile the, heve
no occwvrence of these forms of conflict, they do exbibit eonflict boha'» 1
other variablee vhich have some slight negative loading on the twe dimensiong
discus:e¢d here. The other two factors define greups of dyads which exhibis
high a.svats of either negative communication or unofficjal acts of violence,
but not both,

The information presented in the factor tables s alse cenveved using a
geonetric interpretation, The coordinutes in this prescntatieon ave the dincasione
of dyadic conflict behavior delineated in the earlier study (Hazll and Resrel,

1968) . The dyads have been plotted in this spuce employing thedir fuctor sceres
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30
on both dincusions., The coucentrie circles or contovr: vepresent the factor
leading criterin cuployed proviously of .85, .71, .50, ,30, respectively.

Turning to the ebhlique structure, we ave able to suterpret the prinmary
pattern wotrix, The clustceriug of the tvo greups representing extrene
behavior on efther of the dincusions Is more rpceific to the extrene ende of the
cenflict factors, This §s the cese in the crtheponnl presentation. The group
clustering aronnd the axis has endarged eldphtly. 7There scens te be a tendeney
towvard one factor when & Jerge pereentige of the points ave grouped topgether,
In contrast to the 60 city plasmode there ave tvwo definite cluscers vhich
remain equally ijwportant in the oblique rotation as they were oripinclly iu che
orthogonal case,

The angle between the two conflict behavior dinencions Is 90 dopyoes 19
the geonetric presentation. This reflects the fact that the divensions vere
actually independent (all aud Rumel, 1968).

A factor correlatfon matrix §s couputed in oblique rotation thet
delineates the ameunt of correlation between the fectors., Hell and Rummed feund
2 0,00 correlation betucen negative comsunication and wnefficicl inciderce of
violence. The samc procedure was empleyed to ascevtain the relationships
betwecr the group factors in this analyeis, 1f the facters arc highly iater-
correlited, each group is overlappfug the other groups and the facters are not
equally defining a cluster of dvads,

Correlations Letween Prinary Voetors:

Factor 1 2 3
1 e
2 475 i

3 422 255

cow o -
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USR=-USA
Ciils=USA
Cilii-USR
IND=CHi!
FRE=USR
ULIR=-LS
ETH-SOM
VER=-USA
INS-UNK
COL~UBA
VE=UNK
IRN=-USA
LECU-USA
CHT=-JAP
NUL-USA
YEN=-URR
VTS-USA
ALB~-YUG
YUC=ALB
Chd-CL.1
CHT=Cith
hOH=U'SA
EGr=~SAll
ISR-JOR
JUR-ISR
L. "=YEM
VTs-CAll
5 .R=ISR
MAL-INS
+ FRN-DBRA
SOUH-UNK
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008
1162
2384
2340
7264
7314
7410
-1402
1764
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4480
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5384
5558
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6688
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@254
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3351
3222
-05621
0401
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Obligue Rototion of Conflict Dyads
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0206

0302
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61
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CUB~USA
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HAT-USA
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URE-INS
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PEACE
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1.0013 -0354  --Cii3
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9901 ~0184 0194
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6575 3ooe 0003
5453 1006 5628
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39

As the geonctric interpretations would lead us to expect, the tuo
extrenme factors ave wore closely related to the factor centered around the
azis than they are to each othier, Just a little over ¢ per cent of the
variance of the tvo extyoue foctors ave in common while better than 16 per cent
of the variance in both cases 3s in common with the factor centered arxound the
axis,

Ancther test of the uscfulness of this technique is to designate the
dyads which exhibited high awounts of behavior on either of the conflict
dimersions, Dyads displaying a high amount of negative behavior were: Cuba
to United States, Soviet Union to United States; China to United States; China
to Soviet Union; and Indonesia to China, The high incidence of aegative cei-
munications in these dircected dyads is certainly plausible. Turning to hish
Jevels of unofficial violence, these dyads are: Venezucla to United States;
Indonesia to United Kingdom; Columbia to United States and Venezuela to United
Kingd sm. Venezuelen rebels (FLAN) staged several anti-American and Britich
attacks iu carly 1963, Iudonesians also demonstrated against the Dritieh
sponsovad federation of Malaysia,

Ti. hicrarchic: i clustering technique was also applied to the distance
matriz . ived prior to factor analysic. Both the dendrograms and geomctric
interypretotion will be prescnted herve. The connectedness technique is presented
first. 7Tha countour lines for N levels arc derived by obtaining the mean si-.
of ca~h of the factor contours (at loading levels of .86, .71, .50, .30).

Quite - fow of the dycds, especially those with high scores are not grouped using
the commectedneas technique,  The groups themselves tend to be intuitively
acceptable.  There are exceptions, hovever., Dyads 42 and 39 (USA-Cube;

Pali=-1n4) do not scem to be separate spacially from the other large group near

then,
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Figure XVIX., Deudograw for Couflict Dyads

Connzctoedness Method
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The diameter method clusters almeost all dyads before the last level,

The groups seem more interpretable and would suggest that in this case the

diamefer method is morve applicable than the connectedress methiod, The clustors

seen to define groups in terms of the incidence of either negative behavior or
unofficial violence that the dyads erhibited,

This case seens to be onc in which there is a clearly defined structure
to the matrix. Therefore, the groups are quite distinct. 7There dis one general
group with a series of smaller groups on both ¢f the orviginal conflict dimencions.
We have a combination of the characteristics in the two plasmodes. There are
clearly recognizable groups in the conflict case as in the 22 city plasmode.

On the other hand, the conflict case displays a high density arce similar te ithe
mid-vestern group of cities in the 60 city plasmode., Clearly both erthogonal
and oblique factors are interpretable in this case, The choice depends upon

the substantive interests of the analyst., Tactor analysis has grouped the dyeads
with Jittle activity on these two dimensions into a large cluster, Hierarchical
clustering makes finer distinction within this group.

In HCS analysis it would appcar that the diamcter method has producec

clear and nnambiguous cluster. The connectedness method has left meny dyads

unaccount=o for and has produced some counter intuitive groupings.

These findings are consistent with thosc in the plasmode experiments.
The rescarcher is advised to investigate the usefulness of both dircct facte-
analysis and hiervarchical clustering techniques te his analysis before using
only onc or the other. The ultimate test of the usefulness of either teclniqae

rests “u the ability to organize or explein nnw data indepcondently collectad,
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Footnotes

Sce Geoffrey M, Ball, "Data Analysis in the Socizl Sciences: What alour
the Details? in Procecdings -~ Fall Joint Cosputer Conference, (3965).

For a description of this approach to grouping, see Runzel, Applied Fretosw
Analvsis, Chapter 22 . (1969).

For a comparisen of orthogonel end obligue rotation and a discussion of the
interpretability of eesch, sco Punwel, 1969, Chapter 10 and Harmen, U,
(1967).

For details of matrix manipuletion, see Davice (1965), or lorst, 19063,

Biquartimin solutions were calculated,



