








- We now apply the metric B(Tl,Tz) to the present problem. Figures.
Al and A? show respectively the nede sets cbtained through each of the

three methods (CONCOR, diameter, connectedness) on the Bank Wiring data

and the Sampseon data respectively. Both figures are presented in such
a way that identical clusters fall on the same line.

“'To compute B(TI’TZ) between -any pair of metheds in Figs., Al-A2,
it is only necessary to find an optimum ceorrespondence between clusters
~ not prdduced by both methods. Figufes A%-A4 shew calculation ef the
optimum correspondences for the two data sets. Given the correspondence,
calculation of 'B(Tlst) is then immediate; the results are alseo |
-reported in Figs. A3-A4.

The result ef these calculations shews that there is no simple
relation among the three metheds. In the Bank Wiring case, CONCOR is
more similar to both HICLUS metheds than either of these metheods is to
the other. Of the twe methods, CONCOR is more similar te the cemnected-
ness methed. Tsken aleone, this result is evidence for placing CONCOR
in an intermediate position on a diameter-connectedness centinuum, hence
following the classificateory strategy of Jardine and Sibsen (1971) and

paralleling the intermediate position on such & centinuum of varicus

other clustering methods (e.g., Sokal and Michener [1958]1; Hubert [1972]).
~On the other hand, this situation is reversed in the case of the Sampson
data. Here the two HICLUS methods are actually ¢leoser to ene another
than CONCER is to the connectedness method., In this second case,
therefore, the relevancy of the diameter-connectedness continuum

proposed by Jardine and Sibson quite clearly breaks down. Also, this

result helps to alleviate suspicions that CONCOR may in general behave
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Fig. Al. Clusters produced by three algorithms (CONCOR, diameter method,
~connectedness method) eon the Bank Wiring data. Trivial-
clusters (consisting of single individuals or the entire . f
populaticn) are not recorded; since these clusters are
produced by all methods, they do net affect computation of
3(T1,T'2)n Identical clusters are placed on the same line,
CONCOR Diameter method Connectedness methad
cl: (Wi,w3) DL: (W1,W3) Kl: (W1,W3)
T 62: (S1,W4) D2: (SL1,W4) K2: (S1,W4)
C3: (81,W4,11) .
Cé: (Wi,W3,51,W4,I1) K3: (WL,W3,51,W4,11)
C5: (WZ,W3) D3: (W2,W5) K4: (W2,W5)
C6: (W2,W5,13) " K5: (W2,W5,1I3)
C7: (Wl,W3,S1,W4,1I1,
W2,W5,13)
C8: (W6,S2)
C9: (W8,W9) Db (W8,W9) K6: (W8,W9)
Cl0: (W7,W8,W9) D3z (W7,W8,W9) K7: (W7,W8,W9)
Cll: (W7,W8,W9,54) K8: (W7,W8,W9,54)
ClZ: (W6,52,W7,W8,W9,84)
" ' D6: (W2,W5,T1)
D7: (Wl ,W3,81,W4) ¥9: (WL,W3,81,W4)
D8: (W1,W3,S1,W4,W2,W5,11)
D9: (82,13
" DI0: (W6,S4) K10: (W7,W8,W9,84,W6)
“DIL: (W7, W8,WI,.W6,54)
 DI2: (W7,W8,W9,W6,54,52,13) Kll: (W2,W5,13,52)
KiZ: (I1,Wl,wW3,S1,W4,
'82,13,W2,W5)



Fig. 42. As Fig. Al, for the Sampson monastery data.

CONCOR : Diameter methed Connectedness method

cls (1,7) ' :

c2: (2,15) Di: (2,15) -~ Kl: (2,15)

€3: (1,7,2,15) D2: (1,7,2,15)

Ch: (12,14) D3: (12,143

C5: (12,14,16) D4: (12,14,16) -

Co: (1,7,2,15,12,14,16) D5: (1,7,2,15,12,14,16) K2: (1,7,2,15,12,
14,16)

c7: (17,18) D6: (17,18) K3: (17,18)

c8: (3,17,18) D7: (3,17,18) K4: (3,17,18)

c9: (1,7,2,15,12,14,16,

3,17,18)
Ci0: (4,6)

Cll: (4,6,8)
clz: (10,11)
Cl3: (4,6,8,10,11)
Cl4d: (5,9 B8: {5,9)
Cl5: (5,9,13)
Cl6: (4,6,8,10,11,5,9,13)
Dg: (6,8)
Di0: {10,6,8) '
D1i: (4,1L) K5: (4,11)
DLZ: (5,9,4,11)
DL3: (3,9,4,11,10,6,8) Ké6: (5,9,4,11,10,6,8)
Did: (7,2,15) |

P15: {(13,3,17,18) K7: (13,3,17,18)
Dl6: (1,7,2,15,16,12, - K8: (1,7,2,15,16,12,
14,13,3,17,18) 14,13,3,17,18}.

K9: (9,4,11)

K10: (10,9,4,11)

Kll: (6,10,9,4,11)
K12: (8,6,10,9,4,11)
K13: (2,15,16)

Ki4: (2,14,15,16)
K15: (1,2,14,15,16)
K16: (7,1,2,14,15,16)




Fig. A3. Computation of eptimal assignment between distinct clusters
produced by the different methods on the Bank Wiring data.
Clusters referred to in netation of Fig. Al., An optimal
assignment (not necessarily unique) pairs correspending columns
and rows, e.g. (in [a}) C3 to D9, C4 to DV, etc. B(T ,Tz) is
hence given by the trace T = a . for each of the inté&rger-
valued matrices shown. i B
(a) CONCOR- B9 D7 D6 D8 DIO DLl DI2
diameter : . : '
me thod cx 5 3 & 4 5 _ 8 10
. c4 7 1 6 2 7 10 12
c6 3 7 2 6 5 8 8
c¢7 8 4 5 i 1 13 13
8 2 6 5 9
cll 6 ] 7 11
clz2 e 10 g 13
B(CONCOR, diameter) = 13
(b) CONCOR- K9 K12 .311 Ki0
connectedness c3 3 6 ¥ -8
method . 7 4 1 6 13
c8 6 g &
c12 i 13 8
8(CONCOR, connectedness) = 9
{¢) Diameter K5 K12 RKil1 K3 K8
: e thod- y -
connectedness b6 2 6 3 6 d
method D8 6 2 7 i1
' D9 3 7 2 7
Dlo0 5 11 &
01z & 12 7 iz

B(dismeter, connectedness) = 16
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Fig. A4.

(a)

(b)

(c)

clusters fellows Fig. A2,

As Fig. A3; fer the Sampson monastery data.
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quite similarly to the connectedness method,'and in particular that
CONCOR may be prone to similar difficultieé ef a "chaiﬁing" type (see
also above, pp. 45=46).

Of course, all results based on a priori metrics do not take account
of substantive features eof particular data sets, and hence have
limitations for this reason. Also, there is as yet no develofed
distributien theery for the wvalues of trée metrics, which would enable
statements about levels of significance te be made. Ling (1971) presents
results which constitute a start in this direction. frior ﬁo development
of such a theeory, only ordinal comparisons among distances between

clusterings may bé made with any riger.
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FOGTINOTES TO TEXT

lThe algorithm was initially suggested by the empirical discovery of
converpence of iterated correlations (see below.p. 12) on network data
reporting contacts ameng research scientists in.an emerging biomedical
specialty'aréa (described in Griffith, Maier, and Miller [1973]).
Subsequently, Dr. Tragg of the University of Surrey pointed out that

work constituted an independent rediscevery of the "iterative,
intercoelumar correlation analysis' proposed by McQuitty and his co-workers
(McQuitty, 1968; McQuitty and Clark, 1968; Clark and McQuitty, 1970).

See text for further discussien,

2A clqsely related view is expfessed by Needham {1265:117):
The meral ef this is that we should not lesk for an

"internal".definitien of a cluster, that is, ene depending

on the resemblance of the members to each other, but rather
for an "external" definition, that is, one depending on the
nen-resemblance of members and non-members.

n

Translating "resemblance" intec "presence of network ties," it is

clear that the idea here is very similar to the present conception.
Iﬁeﬂ ] if 35 = (xi) i=19 z : (yi) i=l$

=]

- -~ 1
vhere x' = (xi~x) x = = IX;, etc., and ° and || \| dencte the

i=1°?
Euclidean inner product and norm, respectively. If Ef or zj = E’then

_r(§,2) is formally undefined, which gives rise to certain exceptions
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to the basic convergence fact (2-BLOCK).

4MgQuitty and Clark (1968) attempt te give a formal proof of the

:_ :convergence, but their argument does nct aépear to be rigorous and gives
1ittle information on the mathematical behavior of the algorithm.

5Thé kﬁifewedge éharacter of the'exceptions was pointed out.aﬁd

‘investigafed by Jeseph Schwartz, Clark and McQuitty (1970)‘réport

ceftain exceptions te the convergence; additional classes of exceptions

" have also been communicated to us by Ingram Olkin of the Stanford

Department of Statistics (personal communication).

6A second formal class of exceptions which should also be noted eccurs

when Mb is taken to be of the ﬁorm Mﬂ(igj) = Eifi’; where ? ci.= % di =

?N (i.e., where Mb cofresp@ﬁds to the standard null hypothe:is of iew—
..chlumn independence in a contingency table). Then forming correlations
either between rows or between celums, one obtains Mi(i,j) = 1 for all

i and j and it is clear that statement (2) fails.

ZIn principle, the semigroup (White, 1969) and categery-functor (Lorrain
and White, 1971) approaches to the algebraic énalysis of seocial networks
also give an impertant place to simultaneous treatment of multiple types
of tie.’ However, existing computational methecds do not easily extend to
Vhandle mere than twe distinct relations Simultane@uslyo As a result,
for many applicaticns it is necessary to aggregate quite substantially
Before applying the algebra.

8Wh:i’.te (1974b) also reperts a more refined five-block medel of the same

détao White and Breiger (1974) develop a three-block model which is a
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1

1

1

L

refinement of the two-block medel in the text, viz. (13,9,17,1,8,6,4),
(7,11,12,2), (14,3,10,16,5,15)., This three-block model is obtained by
using the Heil enumeration algerithm (see p. 52 below) rather than

CONCOR, and hence provides an interesting check on the CONCOR solution.

9Letter notation for 2 x 2 blockmedels fellows conventions adopted by

White (1974b, Table 1).

0White (1974b) actually presents two bleckmodels for the Homans data.
We discuss only his model which clesely resembles our own., See White
{in press) for a discussion of the substantive differences between his

two models of the Bank Wiring group data.

1The "Trading Jobs" matrix is alse not symmetric {(in fact, it is
asjmmetric) but the tie density is very low (number of entries = 7;
see Homans [1950:67]) and hence this relation is little help in

clarifying status relationg among groups.

2The two methods are alsc referred to in the literature by a wide variety
of other terms., The diameter methoed is alse referred to as the
compactness or minimuﬁ méﬁh@& {Jehnsen, 1967), the furthest-neighbot
method (Lance.and Williams, 1967a), and the complete~link method
(Jardine and Sibson, 1971). Similarly, the connectedness method is
also referred to as the minimum method (Johnsen, 1967), nearest-neighbor
method (Lance and Williams, 1967a), and single-link method (Jérdine and

Sibson, 1971). The terminological jungle is a nuisance.

3There are some slight variants in procedure. TFor example, Katz (1947)
proposes to leave out any mutual choices between two individuals i and

j when correlating their pesitions in data given by a standard
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positive-cheice sociometric procedure, Obviously, this medification
will make little effective difference if the group is of any size.

141t is notewsrthy that the cenfiguration (in Fig. 17) cerresponding to

the lowest stress value of .126 was by no means the first obtained in

the series of 20 different initial ' configurations. (In fact, Fig. 17

was the thirteenth obtained solution; the twelfth selution hgd vielded
a stress of .321.) The value of .126 for a two~dimensional selution
with 14 stimuli is, of course, quite respectable accoxrding to Kiahr's
(1969) Meonte Carlc study. However, arguments have been advanced
elsewhere - (Arabie, 1973) as to why the values in that Monte Carle study
(which, aleng with that of Stenson and Knell [1969} gives the most
useful data curren;ly available) are inflated, owing to uﬁfortunate
properties of Kruskal's L~configuration. |

15It is worth noting, however, that MDSCAL (as alse INDSCAL) is an

| “expensive technique by virtually any measure, especially in the light
of the initial configuration problems discussed in the precéding
feotgote. One major practical side of CONCOR{shared, of course, with
many bther_hier&rchical clustering meth@ds}_is that it is cheap and
extremely easy to implement. |

lﬁNote, however, that in introducing blockmedels one is explicitly

decoupling structural equivalence from the idea of compounding or
concatenating secial relationships (contrast White, 1963; Lorrain and
White, 1971;.a15@ White, 1970; Boyd, 1969). This is the major
substantive break between bleckmodels and the earlier.algebraic

approaches to social netwerk analysis represented by work of White,
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Lorrain, Boyd, and other investigators.

For a derivation of the relation between Euclidean distance models
(e.g., the MDSCAL soluticns presented here) and hierarchical

representations such as Johnson's methods, see Holman (1972).
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