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Tiio 12 our pivsical ‘wrle 8 v 3 tourts uincnsion, 't is consiceree
relative ane woner et upon the point v view of Lthe obcurver, in our wvoclal
vorld, tite {4 su.‘ective und also Cereruis o the pe rnpuctive of the obrerver.

In sectial suioncy theortcin, aid cupiricul analysis, however, tiue is
treated as ar aunclute continuus aivn: wirich all ovents anu entitics existing
at the sue tine lLave the same teeroral status, lhis is true, for exanple, in
all theoretical vork in I7 wvicre the wisteuce of an absolute calendar tire is
assumea. The nurpc:.c of thir paper iz to help alter the dependence on this
singular viev of tine Ly ircorporatin’ in a ficld theory of international
relations the noticne of subjective (social) a.d nultidimensional tine.

In ti:¢ re~rescntation developed here, tirc ir trcated as ¢ set of
dimensions whicl, clon, with social dimencions, cescridbe the socinl space of
nations, attributes and behavior ¢f nationc have projections on these tire
dircnsions contingent on a nation's chanse through calencar tine. lations are
differently located on the tinmc dinensions in terus of their relative magnitudes
on the attributcs related to tii:e suc thelr change in tilie on tliese attributes.

Social tire in international relations is then represented as being
dependent on the observer nation. In ilelc theory terns, cistances (for the
same calendar tiuve) between nation actor and object can be conputed on the social
time dimensions ang treated as social forces affecting the behavior of omnc

nation to ancther,
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that erpericnce teaches ue 1L Lhat one methud of repre-
sentaticr s 1.0re appropricte thern anotiivr fu the wenne
that & pap ot the carth is rore ipnrorriate on tue
surfacc of the sorere ti.an on ¢ nlane. ~he authority
vi-dich ve forrerly attrituted te tie lavs of naturc in one
var has nov to he attributec in anotlier to the loyic of
our uethoc of runrexentation, mancly, ir this vay, that
1€ ve uish to ualie nictures of che vorlu accordins to o
particular schene, tien we mist fcllow the rules ¢f thet
schete, This ie not to sav that the schete deternines
wvhat must b¢ the form of the acturl pictures ve drav, Lut
it does ceclue wirat pictures are porsivle .... ihus ylat
ve heve cellea lews of nature are the laws of our uethocs
of reonreseinting it, (Iutson, 2060, n, 230)

I. LTRoDuCTION

that 1s tine? If onrthin; seers to be acsuried by stucents of international
relations, it is that time has on ohjective meaning, Time car e calibratec.
Events can be targed as to their day, hour, and mirute. #And naticns oruer their
behavior in correspondence with a fined, universally relevont, standard of tire
which has linear extensicon ir the past, present, and future.

While time, thus partitioued, measured, and stindarcined, sstisfies
practical need and cornion sense, does this ueeply ingrained oricntation represent
the only scientific realitv -=- tlie reality which is constrajuec amu nmolded by our
scientific frameworks and theories?

If ashed about physical reality a century ago, this questien woula have
been consicered silly, at best. Tor in the i'ewtonian world view then perncating
scientific theories and coumon sense percentions alilke, tire and spoce were

absolutes. Although the units werc arlitrary, there was an uncverlying linear



roality == a conntant tiom casicu tt ¢ == roaivot whiclh all chan,e ana cotion
could Le -ou; ed.
Still reeliny fror the 1uncdanentsl end intellectually revolutionary
constructiorn of none ucliuean n-omrtrivwl, a scceond fundancutal blow wans struck
by Einstcdn at the Leginnivy of this century by his thoory of relativity, For
Linstein, and fur the coutemperary natural sciences vliose corientation towards time
has been shapcu by the theory of relativity, tine is a fourth dimension of physical
space, It is a coordinate a:is which, along with the three aves of physical space,
is subject to lincar transfornations. Timc is not fixed, but relative to the
notion of objects iu space., More funuamentally, time is relevant to the observer,
This fundanental break with the Mewtonian world view was difficult for
science to accept at fixst.3 The tiweory of relativity recuired two major trans-

fornations in thought, neither of whicl were easy by {itseli, First, the theory

The development oi non-iuclidean jeometrics proved that Euclidean geometry was
not the only consistent geometrv possible. It was clear that geometries that stand
on equal mathematical footinpg with luclidean geometry, while being contradictory to
it, could be formulated. See Lagel (1961, Chapter 9).

2 In tke words of Camow (1962, r. &8, italics omitted), "two events considered to
be simultanecus frow the point of view of one observer will from the point of view
of another be scparated by a certain tinme interval.," Gauow provides a clear
conceptual introduction to the theory of relativity and the role of space and time
within it, On the philosophical implications of Einstein's treatment of time, see
Grinbaun (1963). On the general philosophical implications, see Schilpp (1949) and
Finstein (1954). !

3 In the full meaning of tiie concept, the shift from Mewtonian to Einsteinian
theories was a chenge in incomiensuralble paradisms., The transformation of view
involves literally a switch in visual gestalt from one world to the next. "In a
sense that I arn unable to explicate further, the roponents of conpeting paradignms
practice their trades in different vorlds., Onc contains constrained bodies that
fall slowly, the othcr pendulums that repeat their motiomns apgain and again, In
one, sulutions are coupounds, in the other mixitures., One is imbedded in a flat,
the other in a curved, matrix of snace, Practicing iu different worlds, the two
groups of scientists see different things when they look from the same point in the
same direction," ({luhn, 1962, p. 14Y),



was 8 chan;e in couce: tuerd ocdemtation, ov o concepts tore dnvelvdd cac cld ones
vere seern in u ciiferent lihht.a
Secona, and more tasicully, a suift dr phitosonrical orientaticn vas
reouired. In the :ewtoniun scirnces, there is u reaifty out there and this
reality is described !y our scientific knowledge and thecries nud the reiationships
in reality are given by cur lopic ana rathenatics. 1n the coutel:porary vieu,
scientific theories arc our reality and this is the only reality we are privileged
to know. 0 watter how orivinally hirarre, ccientific theories rold, shape and

restrict our percuntions and become our realitv, depencent upon their ability to

enconmpass, order and precdict observation,? For the ievtonion mind, tine was vo

4 In nireteenth century nhysics, it was assumed that abstract syrliels of thre

theory could be translated intco observation. It was thought 1easurcnents could be
made vithout difficulty. Tinsteii. introcuced descriptiong=-opcrational definitions
~-of how measurewents would talke place as "an essential part of the theory." (Frank,
1955, p. 20)

5 Einstein would uot have completcly arreed with this somevhat idealistic view,
i.e would have gone so far as to sav that theoriex are coustructiouns of the mind,
"Science is the attempt to maxe the chaotic diversity of our sense experience
correspond to a logically uniforn systen of thought .... 7The scense-experiences are
the giveu subject-matter. Lut the theory that shall fntervret them is nan-made."
(Einstein, 1953, p. 253) but he woulc 2lso assert that tlhere is 2 reality which
the theory should fajthfully represent. '"Some pivsicists, amour thew myself, can
not believe that we must abandon, actually and forever, the idex of direct repres-
entation of phvsical reality in space anc tite o...." (Cinstein, 1953, p. 261)
While Linstein ninself thus lept one foot in the realict worlu, the rcalist
philosophy was struck a fatal Dblow by the theory of relativity and later wevelop=-
ments in quantum theory. With rerara to relativity, for exanyle, a characteristic
of the theory is the "abandonment os m-chanical aualogivs .... Instead, a logical
empirical mede of expressioun is empluyed; that is, a svster of nathenatical
forrulae is given anu the orerativns are described by which the maguitudes can be
measured empirically." (Frank, 1947, p. 249) lechaunical analosies camouflage
the analytic structure of theories. ULy blowing away this smoke screen -- this
reality component -~ theories could be seen as flcating above the vorld of
observations and connected to this world as dirigibles are counectea teo the ground
by lines we call rules of correspondancc., An excellent presentation of what I
am calling the post=-ilewtonian perspective on science is given by ilerpcrau (1950).



obviously an absolute nirt of payricel reality that tiere was no doubt that events
occurring at the saue clock tine vecurred sinultancously, that time was universally
the sume for all things,.

Oddly enourii, while natural scientjists, until recently, found it most
difficult to believe physical time varied by observer, social scientists have long
felt that tire has a subjective component.6 The seunse for the passage of time can
vary for the observer and the activity.7 Uhile I'm writing this paper, for example,
time is moving with great spead; an .lour is a fleetirng ninutec ana a page of
scribbles, WUhile citting in a dentist's chair, however, each second of & minute
has a palpable ldentity of its own; the memory of each minute is sculptured in
enanel to be slowly erodeu only bv the passage of months,

Tinme not only varies subjectively but also culturally, Different cultures

Y mhis is never pore

perceive and treat time in different ways ({iall, 195%),
obvious than when rioving from one culture to another, wvhere staudards of punctuality,

where the value of tiiw (such as the peculiar notion that tiie wosted is time lost)

6 See, for example, liall (1¢59), Barker (19€63), and Kluckhnlic and Strodtbeck (1961),

7 "Jithin the human frame of reference, there are ... uifferent institutionalized
simultaneities .... 7helyr differences are due to different units, if not exactly
of neasurewent, than of perception,

"There are thus uot ounly ditierent lenjths of prescnt (however diffuse) in nost
hunan behavioral situations but there are also different layers of present ...."
(llolaja, 1969, pp. 6=9)

¢ "It appears that vhat is counsidered in a culture as sinultaneous is not ounly a
variable, but in many instonces a function of a number of persons or groups
involved." (l.olaja, 1969, p. 15) For an historical study of mankind's reaction
to time, see i'randon (1951).



and where ti.e units of ti. e vary., Ir spite of =ity reletuvintic view of coclal time
(as distinct fron tiic phvsicel tinc of the natural scientiects) to uy knovlecge, few
social scientiste have built this perspective into rocial thcoriu.-:.9 1 krov of no

theorylo of international rclstions that has done so. Altheuph, for eranple, many

9 Ilurt Lewin's concepts of simultancity and tinme vers;ective explicitly butld
relative timc into his topological life space. oy contenporaneity ne means 'that
the Lehavior b «t the time t is a function of the ultuztion 5 at the time t only
(S 1s weant to include both the person and lis psychological cuviromiunt),

bt = ¥(s%) ,

. ten t4+n "
and not, in addition, a function of past or futurc situations & or § oo
(Lewin, 1964, p. 48) Then of the field existinp at tire t, Lewin later (p. 54)
says, "It is important to realize that the psychological past ani the psychological
future are simultaneous parts of the psvchological ficld cexisting at a giver time
t. The time perspective is continually changing. asccorairs to field theory, any
tgpe of behavior cepenas upon the total field, including the tine purspective at
that time, but not, in additior, upon any past or future ficld and its tine pers-
pective. See also lolaja (196%) for another ecnanple of social theory using
relative time,

16 By theory, I mean ar interpreted analytic svstem of 2 logical or mothematical
nature, The important thing is that the structure of the thcory he explicit enough
to enable checks on lopical consistency, deductiors, ard disconformation of
predictions deduced from the tleory, 7This orientation towarus theory is captured
by Hempel (1952, p. 36) in the following: "A scientific theory nmipht ... be
likened to a complex spatial networi: Its terms ere represeried by the knots, while
the threaus connecting the latter correswong, in part, to the defirnitions and, in
part, to the fundamental and derivative hvpotheses included in the tucory. the
whole system floats, as it werc, above the nlane of observation and is anchored to
it by rules of interrretation, These night be viewed as strings which are not rart
of the network but link certain points of the latter with speciryic places in the
plane of observation., iy virtue of thse interpretive connections, the network can
function as a scientific theory: From certain observational uata, we may ascend,
via an interpretive string, to sonc point in the theorctical nctwork, thence
proceed, via definitions and hypothescs, to other points, from whicn another
interpretive string pernits a descent of the plane of oiservation,"

I do not subscribe to the social science practice of calling theories these
loose conglomerations of hvpotheses and speculstions that prevail in our ficld.
How one moves from idea A to idea © in these speculations i often obscure; what
can be deduced from within them or from them is unclear; andé how thesc speculations
would be subiect to empirical tcst is unanswerable,



have posud that c.(fotctcca I nociel ra l or socio=p.litice] anc vconsmic d18taucm
affuct national buhavior, thete is ro ougpestion thet diatances in secial tise are
alsoy rolevant. he satc calencar tite fo° nations {4+ sccuites, theovetically and
practically, a3 fcuntical Ior all uations ir desciibing the‘t attridbutes +nd
bLehavior enc forvcastiug futute intsrmetiomal fulatich:. It usy be, L0 bring we te
the point of th's Introduction, that tire fiows Cifierertly for cach astior wd
that tite ir thc interrnation.l syster is mludlnuslml."
TlLis suggustion provolea problcns viich at first svens fasurecuntel le. heow
can ¢ rulativize timv ac a part of social bohavior. XNore spucifically, hov can
ve mathunatically theorise tise as . coordimatu axis of social space? What éues
the notion of multidimen.ional titx besn intuitively sia natheuatically withia
a cocial :pacc? /. vohicle ifor snuwerine tu. 'c questiont it alveady founc ia the
social ficla theory cuvelopud wiowvhore (Rumel, 1963, 1969, b)."
Ficld theory avcunc: that thc bolisvior and attribute. of natioms have coe-

plex intcrrelation:l.ipc ana ar. corrtantly in flux, lorJsover, lchavior and attri-

butec form a flold of rclationvhipui--a gectalt, 50 to cpeal~=uch that to explais

L Thic view overlapu inmplicitly with thu powcr trancition thoory of A. P. K.
Organuki (1960, Chapter 12). For Organul:i, intcrnatioval politicc iu a fumection
of the ties thet bind nations anc the diffurential upreed of inductrialization. Ia
the course of indusctrialization, nations go through stages in the dovelopmeat of
their powcr and thesc ctagec roprecent differont nagnitudes and ratus of change in
power. At each point in tinmu, thurefore, Organsl.i isc inmplying that natfions are
changing alon;, differunt poncr-titc paths and that nutions will thurcfore behave,
in part, in tere: of their relative locations on thuse paths.

A basic purnosc of thic paper in to claborate on and extund the sixth axiom of
ficld theoory, which states that the direction and velocity of novesont over time
of a dyad in behavior sopace ic along thc resolution vector of the distance vectors
between nations in attributc spacu., Since few resderg can be axpuctud to have 8
familiarity vith the nature or purupcctive of fiald thuory, the development of thq
axion is beiug treatued in a nore goneral context,
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Theos ol thoumel 4o 20y sl agel 2 patcoctd e « "uns! Influencer

whtsng o,
lending te 3 cffect, bot ¢ Lhe? 26 ¢~ ' o st Of Ciussa v ?lecla, Pooulting
M 2 particular ofiect thtou i, th tot 1t net It-elif,

Twe, tis comtes! jeea Here (o~ cociz]) ;mu“ vy te it the 1afinftuce of
bohrviors il ~ligflmtcs ©f WAtione Unle afe vectors vit' e tulwion opi cltection,
This soci:-l sp2ce I9 lide tho puvalc’] sooce Ltvund us, ¢ cept the soct . spice
dclfinen the pocitiom of nrtiots (8 'hels 2UPiivics ue telosior,

At firet view, this soci. ] ¢« nige APPoaPa etilirulde s & tatiatiatic..}

autneuc..“ a2 {ntetestine om= ~Cic toy ¢f Vi'tle ues (i unuerst:nalng

n Ris peropective is clome to Liwt of lawvir (1 64), vie theorizad thst the
behrvier of ndiviveale talcr Pawe i & Vi .2 ces Levi.'s fYicle thecry overlaps
et & mumler of foi.te vitL Lhecr Leltg coveloped befc, 184 ivdiag the Zttempt to
goomwetrise the soul~] upace, °“tistt (1959, Chapter 32) clwo drvelops ¢ ficld
theoty, protecting nations #s aoints into ~ su'tici:wcvsionr] ™ nalytic ficld.”

In both Lavin'ea rnd ' vight’e dovilonetts, bvever, tle sccinl lavs fnvolved are
8ot clecr «ms the etructute wows act logically or anthenvtically bty topother
oufficient )y for dductions rt teate of tigar theorfe: to te filca,

1 Decraus a~0, Leatley (1" %) pillosont fcally Prrvad that sociol sciont iats

should use tic toncnts of social eprce whe dineusicns te theorise cbout aocio-
logical prenomnera in tle s w vv that aaturel scientists I.-¢ used the concept of
#pACe RO Al ALetP>~tiy vit™ phesirs] ewints, ) conrdicr Lantliv to be an intele
lectus]l forerunmncr of the idpd of tinory Gisrusded he 'c.

13 Fot & crreiul ane faforrew discuscion of the rele o1 Lriracticans i social
theoty, sec “heldon (19%1). unfortun-telv, Sheldow's varrv e 1ittle known, but
1 vould Turursrend (t Lo complaent Su ner's (1900) vuck Fo/erunc.d discusston
of theoty in tho social scienceoa.
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international reliticns, it teone who gpe terpted Lo £ view shoule reclize
that physic:l space fs w0 Jeus o otherrtie :abutr."ctlul."’-:\n tnaispensgole omnwe
to natural scicnces  As o cathe ataeal weeoy gocfal wpace o dodeaoe oy o set of
dirtensionr n hich the attributes and heheviorst o8 natleus are dependent, Theso
diuension. span the sovf. 1l spac. and sartition §t jrto tio linear lracicngoent
interrelationsnips == pets of caura! influencat an. effvcts == o fstine §r social
space,

For theorctical recsons, the socicl space can co oivided into bel avior and
attribute subspaceu.l7 ‘ihe forrer sulspace conpriszes the lehavior of dyaus, such

as the U, &, bchavior toward.. kWest (erary, and each dvad i< a nrojecticrs: on the

le t'e take physical space so ruch for yrantud that it is hard to belicve that it
and notion within it (es it functions within ecientific theory) are rathematical
abstractions. On thie, Butterfield's (1959, p. 34) cortents are nost pertincnt,
"The scientific revolution i rost sirnificant, and {ts achievemcents are the most
rcearkable, in tre fields of astrouony ond nechanics. in the forner rculm the use
of experiment Ip anv ordinary sense of tic vord can heraly be eapected to have had
any relevance, Ii regard to the latter we niay recall vhat w. observed when we were
dealing with the protlem of rotinn == fiow it scemed reasorai:le to say that the
great achicvencnt vas wne to a transposition takiugr place in the rmind oi the
inquirer hinself, r.ere was a problem vhich only i.ecame ranegeable vhen fu a
certain sense it had Leen 'eometrisea', so that motion had come¢ to be ¢nvisioned
as occurring in the cmptineus of Arclilmesian space, Indeed, the nmodern law of
inertia =~ the moderr picture of bodiec continvuing their notion in a straioht

line and away to iufinity -= was hLardly &« thing weich the inan tiing would cver
reach by an experinent, or Ly anv atterpt to nake ohscrvation rore photorranhic,
in any casc. It depended on the trick of scedns a purcly ceonetrical hody sailing
off into & kind of spuce which was einty and neutrzl == utterly indifferent to
what was happeniup == lile a blarl shuect of peper, equally pausive whether we draw
on it a vertical or a horizontz) line," Scc also iurgensu (1940, pp. 127-128),

17 These are net linearly indepencent subspaces, such that the behavior subspace
plus the attribute subspace equals social snuces as will be scen later, the
behavior subspacce is inbedded in the attribute subspace., iiatbematically, it
would be corrcct to say that :ociul space is attribute space anc beliavior is a
subspace, For conceptual clarity at this gtege of the discussion, however, 1 will
treat attributues anc behavior as subspaces,



dimvncions of tle uuhapccr.l" The cizenafens Lhus opuvate as coordinate sies
defininy the locatiou of cvich cvad as & peint in the speces 11 the possible dyads
can be thought of as swan.e of poluts throu-h tiue, where cucir point has a definite
positiun in a swarn rulative to other points and cach point has a projection on
the behavior ciuersions partitionine tue intcrrelationsiips anong the Lehaviors of

nltionl.lg

18 Althoush behavior in international relations is usually dyadic, theories and
empirical rescarch usually have been on rcomads, that isn, the total behavier of
nstions, Anc ruucarch questions are asked monacdically, such as what is the
reiationshidp between cconovic development anc foreign behavior, between domestic
and foreign conflict, and between democratie political systews and forcipn policy,
This domirant pcrspective, which I call attribute theory (llummel, 19€9a) is
theorctically fruitful, but should not otscure the possibility of alternative and
complementary forrnulations in terr.s of dyads.

/ nonadic perspective on behavior also governs social and psychological
research, Seurs (1951, p. 409), in trving to weaken tids nonadic depenaence, argues
thet "if personality and rocial behavior are to Lce included in a sinple theory, the
basic monadic unit of hehavior must be expandablc into a dyzaic one, & dyadic unit
is one that descril.cs the coubined actions of tvo or rore reruons. A dyadic unit
is esscntial if there is to be any conceptualization of the relationships between
people, as in the parent-child, toeacher-punil, husband=-wife, or leader-follower
instances, To have a science of Jnteractive everts, orc uuet have variables and
units of action that refer to sucl: cevents, i'hilc it is possil.le to systematize
soue obscrvations about individuals by using wonacic units, the fact is that a
large proportion of the nropertics of a person that compesc his personality are
orif;inally forried in dyadic situations and are neasuraile only by reference to
dyadic situations or symbolic representations of taer. 1hus, even a monadic
description of a rerson's action mai.es use of dyadic variavics in the form of
social stimuli,"

12 The concept of '"behavior space" in field theory is sinilar in sone respects to
Tolman's psyclicloszical behavior space. In describing this space (1951, p. 297),
he says that "a bchavior space will contain not only particular objects but also
their particular spatial and terporal, or othcr, relations to onc another, Or, in
other words, the "o iiun" (i.e., the "clrections" and "distarnces" constitutive of
a behavior space) nay be not only spatial and temporal, but also mechanical,
aesthetic, mathematical, or the like."
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Siwtlarly, an nttritute spacezn oi nations can also be defined., This space
would locate incividual nations as point:s in terws of the prejectlicns of nations on
the attribute dincnsions. Since the uimensions of attrivute space subsume all the
variation amons the attributes of nations, locatin~ a nation on attribute dimensions
is fu effect locatins, it in terms of its similarities and differences from other
nations.21

An irmediate problem is how we should conceive of the origin of these
spaces. llere, the assumption that behaviors and attributes arc relative is
central., It is not a nation's absolute attributes and lenaviors that are important,
but rather how his attributes and behaviors conpare with othwers, In other words,
the origin of benavior and attribute spaces should be relative to other nations:
it should 1lic at the nean values of behaviors and attributes,

1lhe assunption of relative attributes is also basic in another sense. The
relative sinilaritvy and differences betucen nations affect their relative behavior
toware cach other, They act toward each other in terns of tie similarity in
economic developrnent and political orientation, in terms of cultural and religious
similarity, and in terms of racial and lancuage sinilarity. At the i.dividual
level, this idea Lorders on cormon sense, Like marrices like., Those sharing
cultural and social traits tend to live close together. The poor behave differ=-

ently toward the rich thar they do toward others who are poor,

Fron this point on, I will use the term space, with the understanding that for
attributes and behavior ve arc considerins subspaces.

21 For ezample, since height, width, and length are dinensions subsunming all the
spatial measurcuents of boxes (such as volume, total surface area, and tiie area of
any side), plottinp bones in the space of these three dimensious in effect locates
boxes in tcrms of their spatial characteristics, The relative location of boxes,
in this thrce-dinensional space, then,measures the similarities and differences
among the boxes on these spatial churacteristics.,



The assurpticn that sinilaritics and differcences affect behavior is an old
one in the social sciences, liuch of this research has Leen done usint the more

2 ,
precise term social distance, < where thosce less alile in their attributes are

considerced nore distant, Vith the exception of Culncy Wright (1942), the notion
of social distance has not played much of a role in irternational rclations theory
until recently., I'ow, a rreat deal of attention is beins given to rank theory,
which postulates that interaction between nations is a result of their differential
status (ranks) on social status variables in the international systenm, (Lagos,
1963; Galtung, 1964; Gleditech, 1969)23

liations, as well as individuals, not only behave in terms of relative social

2
distance but also as & consequence of their geographic distance from each other. 4

22

See, for example, Landis, Datrojler, and Dorn (1966), Farkman and Savyer (1967),
Priest and Sawyer (1967), lerckhoff (1963), Glenn anc Alstorn (1968), Laumann (1965)
and Warner and Dellcur (1969).

23 Rank theory as it is Leing developed under the stimulus of Johan Galtuny and
the International Peace Research Institute in O0slo overlaps with the theory that
behavior is dependent on social distances, However, it is also mathenatically dif-
ferent in a numbcr of aspects resulting from their concern with alsolute differ-
ences.,

I think the concept of social distance is a direct linik into the social status
litcrature in international relations anc also a bridpe from this sociological
perspective to the work of Deutsch et al.(1957), Wright (1942), and Russett (1967).
At the sociological level, others have seen the connection between social distance
and status, For exanple, Laumann (1965, p. 27) writes that the "focus upon the
differential social interaction of various social classes or status ctrata as an
important attribute of a stratification system immediatcly suggests the possible
relevance of the concept of social distance for the analysis of such syvstems,
inasnuch as the class structure ic here teing conceived in terms of the differen-
tial degree of social distance and resulting differential interaction being main-
tained among the verious members of the communitv." As another cxample, Van Den
Lerghe (1960, p. 150) introduces his research on status by saying that the "central
concept to be used here is that of distance as a mechanism of stratification, Some
form of distance 1is presumably a functional prerequisite in anv social situation
involving authority, hierarchy, or stratification,"

24 For a biblionraphy of systematic studies employing geographic distance, see
Olsson (1965). For a helpful discussion of geogravhic distancc and international
relations, sece llohlstetter (1968).



i‘ations that are contiguous vill have a special salience compared to nations that
are distant. The siarp impect oi the Soviet Juion setiing, up missiles in Cuba,
scrie ninety miles from Floride, fs still vivid in uy mind 45 an example of this,
It is not only how similar or difterent vou are from another that is important,
therefore, ‘ut also how physically close you are,

Distance, whether socizl or peographic, is a basic force in soclal svstems
at all levels and should have the status of a social laL:zS the relative Lehavior
of social units toward cach other is a function of their rclative distances from

26 :
cach other, The social space of nations, concequently, cousists of o fiecld of

&2 By sccizl law, I mean a universal statenent about social behavior unanalified
as to time or place, Iu this definition, 1 disacree with lerton (1957, p. 96), who
requires that such a law be derivaile from theory. Laws can be derivable from
theory, of course, but they also may Le the axzioms of a theory as in ficld theory
and thus not derivable from it,

One source of misunucrstanding of 1y definition may be the concept of universal
statement. [ am using this in the loricel sense, vhere for sinple statements there
are three tynes: universal, particular, and sinpular, Thus, "all nations trade" is
& universal statenent which I would call a law, '"Cone nations trade' or '"France
trades" are statenerts that 1 would not call lawlile., Tviny the definition of law
into the classical analysis of statements thus enables the lo;ical relations within
a theory to be made clearer,

26 Yost, if not all, students of intcrnationosl rclations will want to pose at
least a few and probably many other factors affecting international behavior, such
as perception, tlie personality of the leader, unique circurmstances and events,
topoyraphical elcunents, nstionalism, interuational orgauizations and law, strategic
position, third nations, and the halloved balance of powver configuration, What I
am doing is trying to reduce international relations to a fundamental abstract. n
=-=a social lav that holds, vhen other thirgs are held constant, 7Tlhe law is an
ideal, then, against which the deviation of observatlions can be given meaning. The
effect of third nations o, for example, the behavior of the U.S. towards LEgvpt

is consiccred as ti. effcct of air resistance on motion. I an seeling the laws of
motion, so to speal:, anc once found theze other factors that are the favorites of
students of internutional relations can be consicered variableg modifying predic-
tions from the laws, Those who wish to read these other factors into the theory

at the outset are, it appears, Daconian ir their outlook on science.

Tor T'rancis bLacon, science vas tiie accurulation of facts and genecralization
from them, le "missed the point of that kind of science vhich was to spring from
5alileo oo0e /Bacon/ reparded vathcnatics merely as the hancmaid to physics, and
actually conplained of the dominion which it was beginning to ¢xercisce in that
science, Tt tvas all very well to do suns on the results of oue's exnmeriments, but
Bacon specifically disliled Galileo's method of turniug the problem of motion ...
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o . : 2
forces bringing about belavior., Gsocial anu ceographic distances Y between nations

are the forces; the location in hehavior space of a pair of nations (dyad) is a
resolution vector of these forces. In field theory, thic relationship is stated

axiomatically as

P .
Miag,k ™ gk1 %95, 590 (1

where the tern on the left is the projection of nation i'c behavior to nation j on

the kD

dimension of bchavior space and this is a lincar combination of the
weighted (by parawecter a) combination of the distance vectors uetween i and J on
the p dinensions of attribute smace.20 tince the orijzins of attribute and bchavior
spaces are at tle neans, caouation (1) also incorporates the ascutption of rclative
behavior and relative distances.

Given this brief sketclhi of a flicld theory orientation toward international
relations, how are ¢ to fit time into all this? Specifically, how are we to

interpret and compute distances on sccial time dinensions? The folloviiug sections

will deal geomctrically and algebraically with these questions.

26 (continued)

into the problem of zeometrical Lodles noving irn peomctrical spacc, Far fron
wanting to rcad away the eir-resistance, in the vay the new school of scientists
were doing, hc vanted to add other things to the picturue--for example, the tensions
that were bound to take place vwithin the moving body itself,"(butterfield, 1959,

p. 106)

In tryings to reduce internaticual relations to a fundancental force, 1 (o not
differ from traditional theorists. Hkans lorgenthau's (1¢62) insistence or power
as basic is well known; others, like Liska (1950) and Grpanrki (1960) have also
reduced international rclations to cither the intcerplay between power and norm or
pover aud cooperative bonds Letween nations,

7 c :
Geographic distancce is not being added on uere iu an ad hoc nannc:s Ceographic
attributes are considered part of attrihute space as discussed in footnote 432.

28 Kvert Lewin perceived his field theory in psycholor vy to Le a method. “s he put
it (1964, p. 45, italics omitted): "Tield Theory is probakbly best characterited as
a methoc¢j nawely, a method of analyzing causal rclations and of building scientific
constructs.” Tiecld Theory as 1 have been developine in thiis papcr and elseviere
(Runnel, 1969b) is more than a method, Tt is a theory of social Lchavior stating
explicit rclationships, as given in equation (1), betvreen attrilutes and Lehavior;
it is testable; it is falsifiable,
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II. GLOILTRY OF UOCILL TILi.:

To begin with, natlous are conceiveu of as points in a social space defined
by independent dimensions.29 The behavior und attributes of nations are fully
described by the projections nations have on the dimensions of social space.

Social space itself can be thecoretically divided into behavior and attribute spaces,
within which nations and dyads are conceived of as vectors., Figure lA and 15

30 To 1llustrate how natione are located,

show these spaces for three dimensions,
only three nations are shown in attribute space and two dyads in behavior space.
A label on a dimension represents the particular attributes .r behavior most
linearly dependent on the particular dinension,

These figures give tlie basic social picture involved in the notion of
social space. An immediatc question concerns the logic by which we arrive at this

representation end the manner in which we can empirically define the dimensions and

projections of natioss and dyads., TFor what is the purnose of such a theoretical

2 Because the georetry and mathenatics of international relations to be intro-
duced may be intuitively strange, ot first, some may wish to use this lack of
intuitive familiarity to arpue against the theory. In defense I think Margenau's
(1950, p. 150) comment suffices: '"Lase of intuition is not a significamt criterion
of anything, for it can be acquired by training and has as wide a range of
variability from person to person as Las color vision."

30 Fron the researci done to date, these spaces for 1955 and 1965 appear to each
have mor. than ten social dimensions, i.c., to he at least ten dimensional.
Econonic development, size (or power bases), and political orientation dimensions
have been found to account for around forty percent of the veriance in attributes
among nations (lLummel, 1969c) for 1955 and about thirty percent for 1963,

The possibility of at leust ten dimensions for social space may seem strange
and absurd to those who are comfortable with four dimensicons of physical space.
This is not novel to sciencc, however, such multidimensionality "is at least as
old as Lagrange, vho published his famous treatisc on 'liccanique analytique' in 17€8,
and there is nothing strange or inherently different in Gibb's theory of statisti-
cal mechanics, which operates with phase spacecs of 10 dimensions and more."
(liargenau, 195C, p. 1955)
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. . 31
representstion if weo canpot ultinately tic it down to observations, Let us,
therefore, wove back te some initial geometric aud alpeiraice considerations and,
Keeping contact with otservation, develop the interpretation of time lLinted at in

the introduction.32

In developing {ield ticory, I am explicitly tryiny; to avoid the major deficit of
mathenatical theories andodc:ls in the social scienceg, As Stauffer puts it {1957,
p. 30), too "nuch of whit vasses for matlematical nodel building in the social
sciences ~-= ccononetrics affords nunierous eianples -- secris to be an exercisce in
cquation writirp with little or ro concerrn over the ways and means of relating the
nodels to empirical phunomena," Unfortutatcely, the attempt to lodge {icld theory in
the methods and cata operatiouns by widch the theory cau le rulated to observation
has been a major source of uisunderstanding, On the one¢ hand, mathematical modelers
accustomed to equations uncncumbered by counections to techmiques or observations
sce ficld theory as the developrient or elcboration of a metliodolory for handling
data, On the other hand, empiricists uscd to gpplying various tcchnigues to data see
in ficld theory just arothicr use of factor arclysis to obtain dimensions of national
attributes or benavior,

32 some may wonder why I do not "operationalize" social distance and just cdo a time
series analysis, The ansver is simply that I do not believe that science males
great advances by such inductive procedures, A theoretical context -- fraticwork =-
nust be given to guide the definition of facts aud the analysis, as well as to inter-
pret the meanins of the results, TFor cuauple, with regard to the concept of inertia,
Butterfield (1959, pp. 6=5) argues that "as writers have clearly pointed out, it is
not rclevant for us fto arypuc that Lf the Aristotelians had merely watclied the wore
cerefully they would have changod thedir theory of inertio for the modern one ==
chanped over to the view that bodies tend tu continue elther at rest or in motion
alon;; a straiglht lire until something inrtervenes to stop tliem or deflect their
course, It was supretely difficult to escape from the Aristotelian doctrine by
merely observing things more closely, especiclly 1f you lLad already started off om
the wrong foot end were hamperec beforchand withh the whole system of interlocking
Aristotelian fueas. In {act, the modern lav of inertia is not the thing you would
discover by mere photographic metheus of observation == it required a different kind
of thinkinq-cap, a trunsposition in the miind of the scientist himself; for we do not
actually sce ordinary objects contirnuing their rcctilincar motion in that kincd of
enpty space which Aristotle saiu could not cccur, anc sailing away to that infinity
which also he said could not possilly exist; anc we do not in real life have per-
fectly splierical balls moving on perfectly smooth horizontal planes -- the trick lay
in the fact that it occurred to Galileo to inagine tiwse,"

A theory allovs us to imbed operationalizcd concepts (and attendent observables)
in a mesh of unobscrvable abstractions that serve to explain obscrvations. This
aspect of thcories has lony been pointed out by historians and philosophers of
science (such as surtt, 1959, and Topper, 1965 . Turtt's book was first published
in 1932 and Popper's was first published in Cerman in 1934) as vell as scientists
themselves (i.instcin, 1754), but i.cmpel was one of the first to bring this before
social scientists., Tu ids words (1952, pp. 36-37), "the theoretical apparatus vhich
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32(continued)

provides ... predictive and postdictive bridges from obscrvations data to potencial
observational findings cannot, in gencral be formulated in terms of observables
alone. The entire history of scientific endeavor appcars to show that in our world
comprehensive, simple, and dependable principles for the exploration and prediction
of observable phenomena cannot be obtained Ly merely summarizing and inductively
generalizing observational findings. A hypothetico-deductive~observational proced-
ure is called for and is indeed followed in the more advanced branches of empirical
science: Guided by his knowledge of observational data, the scientist has to invent
a set of concepts -~ theoretical constructs which lack immediatc experiential signi-
ficance, a system of hypotheses couched in terms of them, and an interpretation for
the resulting theoretical network; and all this in a manner which will establish
explanatory and predictive connections between the data of direct observation,"
Although widely referenced, it appcars the impact of liempel'~ analysis is little
appreciated by behavioralists in international relations and the social sciences
generally.

Unobservables aside, however, the faith in operationalization is so entrenched
among behavioralists that it might well bc emblazoned on the battle pennant leading
the scientific roovement in international relations. The charge "go forth, my son,
and operationallze" is now such a graduation ritual that I cannot resist using
liempel (1952, p. 47) to lead another flank attack.

"In the contemporary nmethodological literature of psychology and the social
sciences, the need for 'operational definitions' is often emphasized to the neglect
of the requirement of systematic import, and occasionally the impression is given
that the most promising way of furthering the growth of sociology as a scicntific
discipline is to create a large supply of bperationally defined' terms of high
determinacy and uniformity of usage, leaving it to subsequent research to discover
whether these terms lend themselves to the formulation of fruitful theoretical
principles. But concept formation in science cannot be separated from theoretical
considerations; indeed, it is precisely the discovery of concept systems with
theoretical import which advances scientific understanding; and such discovery
requires scientific inventiveness and cannot be replaced by the =-- certainly
indispensable, but also definitely insufficient =-- operationist or cmpiricist
requirement of empirical import alome."
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Consicer & n% by o ratriy of ohsurvations on n raticns over T tine nerious
for N attribvtess3 one of the colunns of tiwe natris ie # scaucential tine vector with
all orcs for the first time period, twos for all the secund tine periods, threes for
all the thisd tine perious, ctes  The or-anizatior of this natri: is shown in

34
Figure 2A. VYigure 2 slows a simliar matrix for Lciavior, Xote that vhile one

33 The matri:. representation for social space and tino reiationsiips is selectod
purposcly with an eye tovards tiic philescpnical ana theorctical inplications
involved., rietrices are conccived of as linear oncrators =- as Llack btoxesa «-
commecting the input and output o1 socizl phenomenis 11 ey lypaas traditional
social theory which "explains" behavior linlapges in such terns as roles, norus,
goals, institutions, ind decision-malidrs. liany of these presuned corcepts and
processes are beinp treated as unobservables -- as part of the untnown «= of
social systcnis, (n this conception of matrices, zec havis (1965, Chapter 7). On
the philosophical nersnective involved, uce Alnmavaara (hlmovaara and Harbkkaren,
195L) s The philosophy here is the sare as that invoived in the use of a ratrix
representatior in physics., -

"it ... happrens that the classical ijysicq£7 theory has recourse to the
concepts of motion, nosition and velocitics of clectrons, hile what experinental
obgervations yileld i3 wave leupths and intcnsities of the radiations emittced by
manifolds of encitcd atorms., This would secr: to show thiat tite basic concopts of the
theory are of nc account for the final result, Jne nay thercfore be taipteu to
exanine how far one could yo if tic classical model vere to Le abandoned. ‘ow 1f
one were to construct a theory of ntomic behavior without invoking the assumed but
unobservab le clectronic roticus withiint the atom, one could hardly do without
matrice and natrix algewra for the following rcason,

"Ihen we exanine the pattern of rauiaticn emitted by an angregate of utous ==
and this is all that obscrvation can do =~ we uay conceive of each radiation of one
wave length as enanating from gone single atom of the aggrepate of atoms, and
through it irdirectly the state of the entire aggregatc of ctons, ray tius bLe
described bty a successicn of numnuvers piviug the characteristic wave length and
intensity of each Lind of radiation that tie agsrejate mar possibly eait, Such @
succession of nunbers may bLe arranged as a matrix. A matris thereforc ig one way
of descriving the state of affairs prevajlins within o panifold cf atons, if we

i g o : i
electromn e _ir ciple Lservai-le.” (Singh, 1959, pn, 166-167, italic: added).

&0 an identical matrix (excluding the tine vector) 1is employcd by Phiilips (1969)
to represent the social spece of dynanic nation Leliavior in a theorv of these
dynamics. To Paillips, the behavior of a naticn at tine t to some otlier nation is
a'"tunction of the trends anu oscillations about thesc trenus ir its past behavior
eess’" Thus, behavior bepets lehavior is the social lav and it is abstractly
idcalized in a peoretric settinn sirmilar to that of ficlu theory,
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matrix concerns only rations, tiic othcr deals with dyads., 7This is a fundamental
distinction and enables the later renrescntation of social distances as forces in
social space,

The matrix X rupresents an attribute space of nutions as pictured in Figure
3A. The nations for each time period &re the initial coordinates of the space.

Only three of these coordinates are shown in the Figure, but we can imagine (perhaps
with a little difficulty) the number of coordinates being extended to all n nations
times T periods. Tiue attributes are vectors in thic spacc with projections on the
axes in terms of the attribute values for each period (such as the G!P for the U.S.
in 1965). Time is also a vector ir this space, with the relationship between the
attributes and tine being given by the cosine of the angles between the attribute
vectors and the time vector, such as for angles O and ¢ in Figure 3A,

Imbedding tinie &s a vector in social space as done in Figure 3A is a key to
later deternmining the social time dimensions of this space. Ly buing part of social
space, tine has relationships with attributes (and behavior, as can be seen in Figure
3B) and it is precisely this rclationship we want to delineate further., To measure
the different lccation of nations on social time dimensions for the same calendar
tire, we first hcve to delimit this relationship of attributes to time,

Figure 3P illustrates the behavior space of matrix ¥, In this case, the
axes are for dvads for time periods and the vectors located in this space are for
behavior, For the reasons mentioned above, time is also one of the vectors in this
spacc.

What are the ninimum dimensions nccessary to define attribute and behavior
spaces? That is, how can we transform the social spaces as viewed from the perspec-
tive of Figure 3 to that of Figurc 1? Let us concentrate on the attribute space
defined by observations X in answering this question, since the mathematics will be

the same in both cases.
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I'irst, assutic tiet .. 18 standaercized by columns to a mean of zero and

variance of l.OO.J5

This places the origin of the spaucce st tic mean, consonent
with our dcugire that the snace be couccrned with relative valucs, anc transforms
all observetions to comparable standard score units, Lach of the attribute vectors
will now havc a length equal to the squere root of thc number of nctions times the
time periods. This standardi:ation will also involve the tiuie vector, so that our
original units on the tine vector are irrelevant wvithin a lincar transformation.
f1ith X now :tandardized, we vish to define the orthogona136 attribute dimen~
sions S upon which 21l the column vectors of X ere liucerly wependent, That 1is, we
are after the attributc space airensions upon vhich all netion attributes arc depen-
dent and which locatce all nctions in attribute space (like iast=l.ost and North=South
dimensions locate all cities in the U.S.). liore specifically,

X = SF, (2)
wihere S is a nl ty p matrix, p is the mininum nuuber of lincarly independent dimen=-
sions necessary to dctermine X, &end F is a p by ii metrix of cocefficients. These
coefficiunts give ecach ettribute vector of X as a lincar combination of the dimen-
sions (column vectors) of S, In the terninology of linecr clycbra, the column
vectors of ¢ orc a2 basis of attrilute space X. Civen cquation (2), thc mathicmatical
problem is to find 5 anc F, when only i is known,

To Legin, multifly (2) on the left Ly X' vhere the apostrophe will denote the

trangposc ~f the matrix to wiich it is attachec),

X'X = x'3F,

35 This standardization is accomplishiec by subtracting the colurmn mcan from cach
observation in that column and dividing by the standard dcviation of the column
clenents,

36It is desiratle for simplicity's sale that the social time dimensions form a right
angle Cartcsian coordinate system, which they will do if orthogonal. I am using
orthogonal only to mean that the inner product of the uimensions (or two vectors) is
zero. If I mean that the dimcnsions are also unit length, then I will use the more
restrictive term orthonormal,



w2l =

Then, using the cquality of (2),
A = FYSYE,
necalling that X is standardi:zva by colun, nvltiply turough by the scalor 1/nT to

normalize all column vectors,

: . S T
-1,—, = —!;- wlgtuy = p = S'S)F,
n: | Y n

Assume that the dimensions (column vectors) of . urc standardizea. %Then,
Lgs =1,
nT
and,
(L5 x'u = I'F,

P = F'F, 3

where I. 48 a (product moment) correlation matrix for all thu vectors in attribute
space, as for uxannle, the correlation between GUF anc populatior in Figuve 3aA.
Since we are treatiu, the vectors in X as standardizoed, R also gives the cosines
of thc angle between the attribute vectors., The direction that attributes nave in
social spacc witn regard to lincgr tire is explicitly mcasured in R Ly thw correla-
tion of the time vector with the attributus of nations,

The problem of solving for 5 and ¥ in (2) is nov roeduced to solving for F
in (3), since 2 can be computed from: a knovledee of X, Fron the properties of a

correlation metrix, we knov that " is eymnctric an¢ Granian, Ve therefore know,

also, that therv is a similarity transformation of R such that

LIk - A,
wL o= EA,
R = £AE™L,

Define £ an an ortlionormal ustrix of tgenvectors (by column) of R, Then A is a



dieronal matrii of corrccponaing eiccnveluee of I, anc
io= L', (4)
where the oigenvalues in the diagonal o ercered iror. high (ir upper loit) to low
and the eigenvectors of E arc orderec zecording to thelr cigenvailuvs in A, An
interesting anc important aspcct of © is that it gives tie principal excs of the
ellipsoic forn:e i1 tiic svclel space of atrributes (orne tine) by the svarn of
points repreccatinig all nations for all tir. periods (in i), The squere root of
the correspondirg eigenvaluces in A then give tie length of thcse prircinal axus.3
The solution for F in (3) is now straightforvard, vhuerc trom (3) and (4),
B e EALY = (20%) (VL') = E'F (5)

and,

‘

Fe (M0, (6)

ligtrix F defines the projcction of attributus on the nininur social dimen=-

sions nuccessary te cefine this spacc. 1In particular, the matrix gives the direc-
tion cosines (vhich are also corrclations) betveen the tine vector anc ¢ach of these

attributce dimcnsions.38 To illustrate, cosume thet in terms of thoe attrihutes most

37 The rgciprocals of the squarc roots of the cigenvalues arc the lempths of the
principal axes of the cllipsoid deseribir:; the quadratic form involving a symmetric
matrix., Glowever, in corrclation thiory it is the inverse of the corrclation matrix
involved ir the quadratic form which determings the corrilation ellipsoic. Thus,
the rcciproccls of the reciprccals of the square roots of the cigenvalues, which
equal sinply thc squarc roots of tuc uvigenvalues, arc the lengths of the nrincipal

axcs of concerrn to us,
L The solution in equation (6) is identicul to tuc priveipel conponents (in fac-
tor raalysis) of thc corrclation matriz, T would then be the factor loading matrix,
See Larmar (1967, Chapter ().,

The component analysis of the corrclation matri: for the ovar ti:.. obsurvation
matrix laid out as in TFigure 24 is so:sctince called Msup:r  P=foctor cnrlvsis,”

In vhat follows I will dgnorc for simnlicity of ciposition tiac prot:lems of the
number of factors and the rotation of the initisl dirensions to another sclution,
In practice, however, dimensions with eigenvelues greater or cqual to eanity woule
he extracted. Then, the aduitional dimensions on vhich tii:ic which has &« nonzcro
projection vould also bo included (to assure the time vector is compliitcly contzine
cd in the social space definced by the dincncione) and these dimensions rotatuc
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highly depencent ou the firet two dimensions, we are able to label them economic

39
development and pover, slsv assume that the time vector is fully contained in
the attribute space defined by these two dimensions, such that the remaining
attrilbute dimensions arc linearly independont of time. Figure 4 shows the hypo-
thetical relationsihiip of time to the two attribute uineneions of social space.
The matrix I would 2ive cost and cosd , vhere the angles arc shown in the figure,
and cosze + cos2¢ = 1,006,

Fror: the Ficure, we can sce that in attribute space, tine as a social con=-
tinuum is split into tvo lincarly anu statistically iudependent components., One of
these cornponents is related to the change in cconomic development of nations; the
othuer to power growth, ilations, thercfore, for the same calendar tiie can be pro-
gressing at different speed: and independently in their c¢conomic devclopment and
power. llorcover, ani riost iuportantly, these two dimensions can be definced as
social time dimunsicas upon wihich nations will aiffer, depcnuing on their differ-
ential srowth and luvels, {or the samc calenaar time. %Ye can therefore meaningful-

ly measure nations in thadr social distance from each other on the social time

dimencicns for the same calendar tirc.

38(continucd)
to a simple structurce (liarman, 1967, pn. 97-99) solution.

Fcctor analysis appeers to te one of the most misunderstood and wisuscd uethods
ir. the social scicrces. Ofcven it is nistakerly consiiered simply a statistical
technique and the ratiiematical nature of vactor snalysis and its ability to struc-
ture theorivs is pencrally uninown. Yet, its thcoretical pay-off is the method's
greatest potential. In iimavaara's words (1958), "It is more illuminating to com-
pare factor anzlysis with the differcntial calculus, whicl is widely uscd in
physics and chemistyy, than to cempare it with the purely statistical analysis
of variance, for instance, The factor theory is sugpested to be a mathematical
lanjuere for the consistent and unified expression of psychological and socio-
log.cal theories, just as the differential calculus is a languare for physical
theories,”" (uhravaare, Yrjo and Narkkanen, On The Unified Tlicory of hNind, p. 12),

. The vector would be fully contained if the sum of squarced projections equal
1.00,
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Vhat thea wiil Lo coe peodectior ol natlione dutoe this attribute spice, and
narticuicrly own tio soclidl tire cicoslan?  Lds cun be weier duece br scelving for

natrin ¥ odn (D). Since v ror Laew T, oo Lolierdn o oraninclations wvield & solution

to ¢

R UL (7N

.:.i."(:---")'1 v 6

S, viichh vil: le ortiherenal by colunn, will then give o.licitly tle pro-
jectiens (stuicaruized) of nutleus eu i gitribute Jirewsions of social spoce.
Tor eacmple, U voulu give the locotia ol netions for cucit tine yeriod on the
dimensions of t' : s ace, ¢y 1llustr-v.c for just the U.8. i Ticuve 3. hue projec-

tions in O for ecac. rotien Jor enci: tinve perloc thus enai-le aii overtiic nlot of the

change in attributes of o natioun. “lenge g @ circuitous .coveicut tirrousi: social

space, vhere even wic social tite in taten irwo . ccotnt, the voverent uay ve
ruite curvilincar.
Viar & cefdircs ds the social space = socinl th . povraient of o natior as it

changes, relative te other no.oions, o ite rowyr characteristica.  LhLds novenent

[N

carves out o o.nth in goedel space, sucl gs L Tijure o, that :&y be moasurcd,

plotted, aund riost ivmertantle relaved to toe socizl cdie paths of ctiwr nutions,
Jea can nov raice ont of the aucsticns toseuw drn tro bepinada. lLow arc ve

to .easrre cistaices i soclael tire fov the Coee codcndar ti-! et us Lvpothesize

arain taat ve lwve two socicl tike oinensions such o6 Lconowic Develovnient and

Power., Tirsurve 7 abms hspotuctical soveial tine paths (Crow &) of the U.5, ana

TeoehoR, o thuse two cirensions,  Sor sioplicity, both nations four eaci calernaar

tine yerice t is treatea as a preint,  oth nations Lave wifferert social time

¢ . , oo - ,
40 iotric % is oft.n collod tue component (or f{.ctor) score notrir,
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curves end the distonce vectors, dtl' dtz, etc,, indicate the¢ narnitude and direc-
tion of the distanc: Letwecn the US and USS? for cach of thesc colendar periods.
Note that 1if we were only concerned with the distance fn calenuar time betwecn the
US and USSR, it would always l.¢ zero; culencnr time for both woulc be the seme,
liovever, whon 've trcat tine as a socizl disemsion, nutiors can nov be differently
located in social time for the same calendar timc and in reclation to all other
mtf.ons.l'1

Similarly for tclevior space, uetri:s ¥ can oo cntlyzoc a8 vas 1 Lo rielc
behavior space ana time dimensions of social space. i'ations arc coupled together
in this space in actor-object pairs called dyads and cach dyad has a life path
through this spacc, The Jocation and movement of a dyad in this path is a conse-
qucnce of the socinl forces acting upou it, specifically tiie magnitude and direc-
tion of tiic distance vectors between actor cnd object at ocach tire t,

Pigurc 8 illustratesc bchavior space for two hypothetical behavior time Jimen-
sions, A hypotheticel life path for US+USSP. behavior in social space is shown, with
the distances from Figure 7 rcting cs forces on this movenent,

The theoreticul linkase between the benavioral lifc peoth ond that of nations

through attributc cpoce is given by

)

Yieg, kot T 281 “12%1, 19,8 (8

where Kk 18 a dimcnsion of behavier space and "1*1 a projection on this dimension, t
is ¢ particular colendar time, 4, is the distance victor between 1 and j on the gth

attribute dinension, ana a is 2 space time paramcter for a specific actor 4., It

41 Let 1 cra J be row vectors for ratiocs {4 and j from the matrix S. Then the
distance vector between nations 1 and j in the space of the social space and time
dimensions is simply 1=-4. tach component of this distance victor will give a pro-
jection on onc of the social spacc and time dimcnsions,
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should Lc reealled thet the dimensions upon which the socizl distances are celcul-
ated involve thos¢ independent of tire as well as the sociul time dimensicns dis-
cussed previously. !orcover, geographic dinensions are assumce to be part of this

social space42

and thereforc the sociel distance vectors reflect also the geo-
grephic distance betwcen nations,

llov cau the spacc time pcrometers in (8) be eveluated? This is part of a
larger question, which concerns the testing of the whole representation of sociel
space and time involved here. Lquation (¥) can be put in ti:c following matrix
form,

WL = DA + ¢, (9
where W is a matrix of projcctions of dyads involviug the same actor i on each of
the behavior and timc dimensions (Ly column) of behavior spacce, D is a matrix of
distances (differcnces) between nations on the attribute and time dimensions of
attributc space, 4 is the matrix of space-time paramcters, cnd B is a transforma-
tion matrix. oD rotates the dimensions of V cuch that the first rotated behavior
dinmension has the maximum corrclation with a linear combinction of distances, the
second bechavior dimension hns the maxinum residual correlation, and so on, The
natrix e represents crror of fit Letween behavior ané attribute space and should be
ninirized, in a least squares scmse, in solving for A anu B in (9). Equetion (9)

3

is then the canonical model (Hooper, 1959),6 cnd canonical :nnlysis can be crployed

R —————

42 Geographic distance is imcorporzted into attribute spnce by inclucing ns ottri-
butes of nations in matrix 3 three varicbles uniquely defining the gcographic loceo-
tion of each nation's capital on the globe. The attribut. dimensiors of ¥ then in-
corporatu variance associatcd with geographic location and social distances on
these dinensions reflect geographic distances between nations and the rclationship
of location with othcr attributes.

43 See Rummel (1969b) for a more cxplicit development of tl.ic canorical modcl in
the context of ficld thcory and for the application of this model to testing field
theory.
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to ovaluate the parancters A and to evternine the corrclation between behavior
and attributc spaces over time according to cquation (8). This correlation (called
the trace correlation in canonical analynis) serves as a test of the theory devel-
oped Lere.

A virtue of thic canonical model in linking behavior to distances over time
is that tchavior tire dimcnsions and attribute tine dimensions can be linked in
terms of the overall relationsaip betveen behavior and attribute distances. The
result will describe how the different growth or, say powcr anu econoimc dovelop-

ment, of nations relates to their relative growth in activity toward cach other.,

I1I. IMPLICATIOUS

The discussion in the last scction prescnts logically the perspective on
social spacc and time sketched in the introduction. In the remainder of this paper,
I will try to draw out somc of thc inmplications of this vicw,

lations exist in a social spacc, whose origin reflects the average of nations
on their attributes over tine and whosc extension is given by the relationship
among the attributes, Social time is part of this spacc and nations have projec=-
tions on the social time dimcnszions dependent on their relative magnitude and
change on the zttributes corrclated with calendar time.

The location of nations in social time and in calcndar time arc not neces-
sarily the sanc, Thercfore, nations can have a social time distance from cach
other for identical calendar times and this distance partially mcasures the dif-
ferent progress of the nations along the social time dimensions.

Since the origin of the space is at the mcan valucs for all nations over
time, the social distances between nations at one time period arc relative to the
attributes of nations through time. This reflccts the belief that behavior in its

relationship to distances takes place in a context and that the key to understand-
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ing the role of this context is the idea of the relativity of behavior and attrib-
utes from the point of view of the actor.

The way in vhicl: behavior and attributes are linked implics that the time
paths of the behavior of on¢ nation to another are a lincar transforuation of the
time paths of thecir distances, as illustrated in the hypothetical curves of Figure
9. If the framework and thcory developed here are velid, ticn, a knowledge of the
distances between nations at come future tine should enable the prediction of their
behavior.

The variation in the space tinc paramcters by actor implies that the influ-
ence of social distances differs by actor. This is duc to cach nation having unique
cultural, institutional, and historical characteristics, Fach nation will be in-
fluenced by social cistancesj how they impact or behavior deperds on the netional
character,

Although varying by actor, thc social space-time parameters do not vary by
time t. This mcans that to have a knowledge of these parameters for one time period
is to know them for T time purioda.éé These parameters thereforc describe a system
state -- a particular configuration of rclationship stable through time, where T
describes the tumporal life of this particular systenm,

Systemic change is thercfore a cliange in relationships through time, where
the change is mcasured by the alteration in the valucs of the social space-time
parameters for the actors in the intcrrational system. These parameters, for
example, night have been constant for the US, UK, France, and USSR in the period
1920-1938, and quite different in the years 194€-1960, Since 1960, I suspect, the

parameters have agein underrone a change with the remaribable shift in the character

Sce Figure 2 again for & picture of how the T timc periods structure attribute
spacc,
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of thc international systwaa. It is iuportant to note thet if we define T as cover-
ing only thc pericde within whiclh the paramcters arc coustant, then with change in
syston we have also a different origin of social space. Thus, systemic change also
entails a change in the perspective of each nation toward others -- a change in the

context of behavior,
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Time in our physical world is now e fourth dimeneion, It ie considered relative
and dependent upon the point of view of the ocbeerver., In our eocisl world, time is
subjective and elso depende on the perspective of the observer,
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elter the dependence on this eingular view of time by incorporeting in a field theory of
international reletions the notions of subjective (social) and multidimensional time.

In the representetion developed here, time ie treated es a eet of dimensione which,
elong with socisl dimensione, describe the social epace of nstions. Attrihutea end
behavior of netione heve projections on these time dimensions contingant on ¢ nation'e
chenge through cslender time, Netione ere differently located on the time dimensions
in terms of their relative magnitudee on ths sttributes related to time and their change
in time on these ettributee.

Social time in international reletione is then represented ss being dependent on the
observer nation. In field theory terms, dietancee (for the same celendar time) between
nation actor and object can be computed on the sociel time dimensions erd treeted es
social forces effecting the behevior of one nation to enother.
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