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' 1inea have a aign-(&igned graphs) ox: ar certain value (valuédhgraphs) ,-

I(dxrected graphs without loops and parallel lines) are used to represent the
81 system (Hallinan and Felmlee. 1975).

deﬂarary, 1956; Hoede, [981, a,b). For the analysis of communication relations sim-
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ple undlrected graphs without loops and parallel lines and undirected multigraphs ca
be used (Bavelas, 1968),
In elite studies again the reints represent persons, whereas the lines represent cdﬂ

minication or influence relations. Simple graphs, multigraphs and digraphs are usé&
to represent these soclal relations between elites (Kadushin, 1974; Laumann and- Paﬁ

1976) . In studies of cognitive maps and koowledge graphs the points represent vari=

e

ables and the (directed) lines causal relations, Signed graphs are used to represen
such cognitive maps (Axelrod, 1976). In legislative analysis multigraphs and valueﬂ

graphs are used to represent common activities of delegates (Stokman, 1977). Slmp
(di)graphs, multlgrapha and valued graphs have been used to analyze 1ntra—"
urganizationa relations between organizations (Fennema and Schl;f 1979)

Recent appllcatlons of graph theory in the social seiences make mcreaaing ug
models fram which certain reatrlctlons for social structuras can be derlved

the models emplrlcally This development tan be accelerated by gr

elaboration of existing measurement and analysis models in the socla_j

niques (Laumann, 1973; Laumann and Pappi, 1976), stochastic cumulatlve scali
(Stokman, 1977, 1980) and loglstic models (Schelblechner, 1971' 1972' [
-and Leinhardt, 1981} -

' GRADAP conta1na a number of appropriate modes de51gned for the analyéislbf gimp

grspha, dxgraphs and valued graphs with gpecial facilities and adjustments of E
cients for bipartite graphs. Burt {1978) summarizes the different medes of netﬁon
analysis that can be distinguished in the enormous flow of recent literature on~‘
plied network snalysis in a typelogy with six categories, based upon twe fundame
dimensions. For the points he distinguished three levelg of analysis: 1nd1v1dual
points, subsets of points and the whole set of points in the graph. For each of th
levels two approaches can be distinguished: the positional or attributional appro
on the one hand and the reiational on the ocher. On 2 less abstract level Freeman
(1978) offers another typelogy which is primarily concerned with peint and graph
trality measures. In this typology three basic structural concepts are d1st1ngulsha'
which are the basis of the different modes of centrality measures. The concepts a1
degree {i.e. neighbourhood relations), betweenness {(i.e, characterization by ther‘

a point links other p01nts) and closeness (distance). GRADAP has analyt;c modes aud
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idl facilities for all these kinds of analysis,

Freeman's ccefficients of graph
lization have certain undesirable properties, however, Therefore a new coeffi-
ent of graph centralization has been developed at the University of Groningen with
erable bettar properties than Freeman's coefficlents (g

ee Section 3).

ata that make up a soclal network and any further (docum
fiéd Lo GRADAP in the graph definition phase of a user p
é saved in a GRADAP system file and accessed in later us

%@guous to that supported by SPSS and other packages.

es this system file GRADAP also allows users to request

entary) information ig
rogram. This information

er programs, amechanism

part of the social net-

lata to be stored in an SPSS system file {for subsequent analyses in SPS3, STAP

S5 and SIR. This forms the

“in line" with the langgages=of_thpge

‘language 'étftodg
“These will be discussed in the next. sub-
tsrénd lines w3y be defined, together with any associated info values,

T program or by fixed format iqpu;,fIn the lag-— .

ded in the user program or reaide‘on‘an alter~

ei-
formatged:asrpart of the use

beirealized that the flexibility of ¢

RADAP's data structure isparticularly
the fact that ig is not basged

on the cowmonly uged representation of g graph
GRADAP's data structyre consists essen-
oints are the capes and the pointinfog

together with a 1ine data metrix in which the

thevariables defined on the lineg, The posgi-

and linesets increases the flexibility even
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For ddentification in the user program the graph as a whole, point- and linesets,
poiﬂt- and lineinfos are identified by unique names of up to elght characters,
Further documentation is possible by labels.
Points may be identified by such names and documented by 1abeis, but in seme situa-’
tions GRADAP allows labels to be used for identification as well. In user programs;ﬁ
lines can only by referred to by their sequence mmber, a possibility which also
exists for points. "
Once a graph ia defined it may be saved and acecessed in later programs,.thus'provid?
ing a "canned” definition. GRADAP also supports addition of new points and lines t
aﬁfeiiéﬁing'grébh and addition of values of points and limes in ﬁew'point éh@ linein
£63. Both types of extension may be carried out via fixed format input or, in tha
S i

St
S

case of new point~ or linéinfos, through SPSS system files.

2,2. Data management

L

GRADAP has many facilities to generate new graphs froﬁxtheioriginglfg;éﬁh Théa
maﬁageﬁent faciiifiea may be dividéd in facilities thaﬁnmodify‘iﬂé bagic strubéﬁf
the graph or nefabrk, i.e. create new points or 1lipes aﬁd/or'QEIéte'ekisﬁing poing
or lines, and facilities that modify the set structure by defiﬁiﬁg'heﬁfﬁuﬁbtéets 1
linesets, or redefining old ones. Modifications that affect the basic st?ﬁc#ure.h

the graph or network are:

~ induction, where one group of points inducas é'gggwﬁrﬁﬁférmed;b?
. dther' group : e Married™ byl: .

v

or by specifying a.

selection clauge. The latter form allows users to define pointsets on the basis of
pointinfo values, and 1in§sets on the basis of lineinfo values and on the basisiéﬁ
pointinfe values for the endpoints of the lines.

Direction is an attribute of linesets: each lipeset may be declared DIRECTED or UN

the other is the HEAD and the line, if treated as directed, is directed from TAILJEQ

HEAD), they are treated as equivalent when the line is part of an und

2.3. Analyrie procedures

The analysis phase of a GRADAF user program consists of an unlimited number of anal
A
sis blocks, each of which may be optionally preceded by temperary data management

statements. These temporary modifications remain in effect until the analysis bloq@
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pleted, Each analysis block starts with an ANALYSE SETS statement,
Pg (partial) (sub)graphs to pe analyzed in the
,éted by an END ANALYSE statement

focedures may be activated,

that speci-
subsequent block. The block is

of which the feliowing are currently av

ailable:
» that computes the adjacency matrix ang

optionaily lists the isolated
isolated point its neighbours,

» that computes point and graph centralir

ance or all sequences in the graph,
TSTANCE,

¥ measures based on adjacency,

of - the degrees of the points.
i cu ¢ : PR
%ve:al

1§§or@éfiﬁgtpypééd-ge are ayailibie; s
ite £i1e info of SBSEY and; ligk/urite

.

e R E . S
Yﬁnterld__p'bgtween_the highest decision aﬁlng

;réééérs)fln.éﬁése organizations. In the iitéféthfe'it;iq o
ghtngéguof an ihbefi&ék depenéslon.thé eomgiﬁation‘of positions
émultipié &irectdr?ih_the two.corporations. To test this assumption three
‘ sition : :‘tingﬁished in the Dutch corporations on the bagig of in-
Eyih depisionmagfhgwithin 4 corporation. Chief executives are aséumgd_;o be

on on a day to day basis;

‘1h.éii'm§jdr déé&

sions within a corporati

thése'
ﬁ) positions. Chairmen of boards
overning board

; &€1§§&£§d'dirEéE6t§'éhd‘members of g
lved'only_in‘major decisions,

s of qéoperapivégt__
but on a more regular basisg th;n‘£5g r§m;ini§§“
8re therefore considered to be intermediate (ﬁﬁﬂ) posi~ ._

e positions. Tncerlocks
of all possible cumbinaﬁidhs of

?}‘ﬁhesé:positions
ALl other positions are considered to he outside (OUT) posirio
: : six'tfpés 6n the basgis
1015 of a multiple director in two corporationg: ININ, IMMED, INOUT, MEDMED,
yT_énd OUTOUTinterlocks.

:$é classified into

rlock is reflected in the number of

types of interlocks, For each type of interleek



withfa financial participation between the two corporations. With the help of the
inteérface between SPSS and GRADAP together with several management facilities within
GRADAP such as the possibility to combine parallel 1lines, the lines in the GRADAP
file were transformed in such a way that each pair of corporations for whieh at 1238.
one relation existed, was connected by an undirected line with seven lineinfos, conr
taining respectively the percentage of financial participation and the number of inw
terlocks in each of the six types that were defined above. The results of these Hﬂéﬂ
lyses are given in Tabel |. The more outside the combination of positions, the 1005

) er the interiqck but INOUT Lnterlocks arte clearly tighter than. HEDMED interlock

Dutch network in percentages (absolute numbers in paraﬂtheses).
 Togsther with other Yin:Part. ININ  INMED ~INOUT ~MEDMED
type of relation 55047y . U67(2) 49(23'

5 ‘ B 45(38) 'if{i) 51(2&}

_ jThe highes graphﬂcentrality is attaiued fotlthé grap
g & star For graphﬂ with Hiffer nt n bers of llneB his coef£1'1entL are
£ cult to compare and aré inadequate therefore. Sni]ders index H of graph hetero‘

:'genélty {s" superior for two reasons. It is based on the degree variance, which im

‘ plxea :hat differences of centrality of all pairs of points are taken into accoﬁn
Moreover, it is normalized on the basis of the expected degree variance under :he
null model of the uniform distribution of all graphs with that number of points éﬂd
lines. This makes it possible to compare heterogeneity of graphs with different num+
bers of points and lines (Snijders, 1981). Elimination of secondary interlocks re—:
duces the graph heterogeneity from .25 to .22 in the large component of 190 directl
ot indirectly connected corporations. It gives however far more heterogeneity among
the central corporations within the large component. In the network of all interlodk
centrality of the corporations was determined on the basis of their degree. The 38
corporations with the higheat degree were considered as the center, being the maxing
subgraph of central corporations with diameter 2 in the graph as a whole. With a a#

sity of .36 the graph heterogeneity among these 38 corporations was .i3. After elimi




COUNT, to perform the triad census, as developed by Holland and Leinhardt

1975), but with special adaptations in case bipartite graphs are analyzed;

table to all major computers.

pk W. Molenaar and W.H. van Schuur for their comments om an earlier.draft.
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