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INTRODUCTION

Many kinds of theories have been developed
to explain human behavior. They may be classified
in many ways - in terms of outstanding men, of
schools of psychology, in terms of the emphasis
placed upon certain concepts or areas of study. A
way of classifying which is useful for the purpose of
this paper is one which differentiates between a) the-
ories which explain human behavior as a function of
factors which may be coexistent but independent of
each ather, and b) theories which explain human be-
havior as a function of groups of factors constituting
a continuously interacting field.

At the time of the first world war psycholo-
gists in Germany were splitting roughly into these
two camps: One group followed the path of breaking
down the person and the situation into elements and
attempting to explajn behavior in terms of simple
causal relationships. The other group attempted to
explain behavior as a funetion of groups of factors
constituting a dynamic whole - the psychological
field. This field consisted essentially of the person
himself and his environment as he saw it. In these
terms, the problem was no longer conceived as one

of relationshi lated elements, but one
of dynamic interplay of all the factors of the situa-~
tion.

At this time Kurt Lewin began to formulate a
method of analysis of psychdlogical situations which
rested upontheir restatement in mathematicalterms:
geometry for the expression of the positional rela-
tionships between parts ofthe life space, and vectors
for the expression of strength, direction, and point
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Concepts horrowed out of their context, how -
ever,useful though they may be in specific instances
of application, rarely yield full value untik they are
related to each other in some systematic way. The
coordination of the formal body of topological geo-
metry with psychological concepts seemed hopeless.
Wwhat seemed possible was the definition of a geo-
metry which retained the demonstrated advantages
of the concepts borrowed from topology, and which
seemed suitable as a system to the uses of psychol-
ogical analysis. Lewin attempted this task by in-
troducing a geometry which he called "hedology.” In
hodology, primarily designed to treat problems of
distance and direction, a basic assumption is that
between any two parts of a whole there can be dis~
tinguished a "shortest path."
vin Euclidian space, both distance and direction
refer to a connection between two points. From
the point of view of topology, this connection is
to be congidered a "path’ from a to b. There are
of course many paths possible between a and b,
One of these possible paths is distinguished as
the shortest path between a and b....., Since
topology does not-know differences of size, one
cannot use shortness as a general principle for
such a selection. It might be possibie to sub-
stitute for the concept 'shortest path' the idea of
the minimum number of regions which might be
crossed by a path from a to b, However, we
shall not confine ourselves to this one method of
selacting a distinguished path from the possible
ones,"3

From fthis idea of “shortest path” Lewin de~
velops an analytical approach to the properties of
wholes. In this paper, he points to the importance of
the specific pattern that cells in a whole may take,
and he introduces certain concepts regarding re-
gions of special properties in such patterns, As-
suming "natural wholes where 21l boundaries have
the same strength” he distinguishes regions in the
structure from which a change would spread most
quickly to all other parts, and regions from which
such spreading would take longest to cover the en-

of application of psychological forces. The use of
geometry was matural in 2 psycholagical approach
which insisted upon a world "as the person himself
sees it", since human beings tand to picture the con-
textual field as existing in a "space" around them.
Algo, the geometric approach offered a convenient
means for diagramatic representation of many psy-
chological sityations.] The most important and, in
a sense, the only reason for the use of geometry lay
in the fact that the assumption of groups of inter-
related factors implied the existence of a mathemat~
ical space and some means of handling it was neces-
sary. The task of repr ting the relat hips be-
tween groups of psychological data laid certain re-
quirements upon the type of geometry that could be
used, It had, in the first place,to be a geometry that
did not rest upon a groundwork of assumptions im-
possible to satisfy. Also, in orderta be immediately
ugeful, it had to be a geometry that pre -gupposed no
greater possibilities of measurement and definition
than were present in psychology at the time.

A sufficiently generalized and non-metric
geometry was found intopology. Certain fundament-
al notions from topology - "connectedness®, "region”,
"boundary”, ~ showed promise in handling spatial re-
lationships in psychology. These ideas were bor-
rowed and put fo use although, for the most part, the
assumptions underlying them could nol be related to
psychology. That these concepts {from topology
proved useful is beyond question if one may judge
from the experimental settings which they stimulated
and made possible to formulate, Lewin and his stu-
dents pioneered in fields previously considered too
difficult to approach experimentally.z
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1+ gotually, Lewin never intended to' use geometry as & means for producing disgrams or illustrations.
geometrical representations were not analogles to be dismissed whenever their implications became incon-
venient. They were intended to be mathematlcel statements of relstionships: hot statements of fwhat the
zitustion ts like®, but statements of "what the situation is".
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tire structure. Also, he distinguishes areas in the
structure most and least susceptible to changes "on
the outside." Lewin points out, also, that thes? con-
Cepts are relevant to both problems of cognitive
structure - the orgamization of mental materials -
and problems of group structure - the organization
of 1ndividuals in social groups.
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To go back tothe definition of “shortest path",
upon which all of the preceding discussion is based,
we find that Lewin indicates several possible defini-
tions:

"“The property which makes one path between two
regions of the life space outstanding {the 'short-
est path'} seems to vary considerably with the
situation, Sometimes the fastest connection is
outstanding; at other times it is the cheapest con-
nection, or the most pleasant, or the least dan-
gerous. So, all that we would like to assume is
that there should be, in the given case, one out-
standing path from a to b."

The criteria "most pleasant” or "least dan-
gerous" introduce dynamie factors in the problem of
defining a shortest path. The criterion "minimal re-
gions to be crossed by a path from a to b", however,
is a purely positional one. It seems that only upon
the latter type of criterion can one develop mathe -
matical statements of distance and direction: as
functions of the number and position of the parts in
the whole, In this paper, the "minimal regions" eri-
terion for the distinguishing of shortest paths is ac-
cepted and an attempt is made to explore in a limited
way the consequences of such an assumption. Also,
an attempt is made to make changes in or additions
to accepted definitions which might permit a more
flexible use of concepts developed therefrom, Such
changes are not "arbitrary"but are made with an eye
to problems inpsychology which might thus be handled
more easily. In some casés changes which would
make certain problems more amenable to mathemat -
tzation have been avoided because of the complica-
tions they introduce inthe initial formulation of con-
cepts. A case In point is that of the transitiveness
of the "touching” relationship between regions or
cells. One of the assumptions made below is that if
cell Ay is said to be touching cell Ag, then cell Ay may
be saidtobe touching cell Aj1." This assumption was
made in.order to secure certain advantages which
will be apparent in the material that follows. But
other advantages were foregone. Under the condi-
tion of the assumption as stated,a chainof cells may
be regarded as a path aiong which a change of state
might spread stepwise from cell to cell - from any
cell toany neighboring cell, Ifone thinks of the chain
of cells as representing a sequence of stages through
which a person might pass, then one must conclyde
that the sequence of stagesis reversible at any point
- afactnot always or often true in human experience.

8 1o
Lewin, Xurt, The:Conceptual Representation end the Measurement of Psychological Forces®, Contrijutio
to Psychological Theory, I, Duke University Press, 1838, p. 2. e
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If the assumption of transitivity were not made, or
explicitly rejected, then it would be mathematically
possible to describe chains of cells or paths with
very different properties of connectedness. Our
hypothetical person might in such 2 case pass irom
cell A to B to C but not be able to retrace his steps.
The path might be irreversible entirely or in part.

These concepts of pattern and communication
are the heart of thispaper. They are developed with
the deliberate purpose of application to psychological
situations. Although no rigid coordination of these
ideas with psychological or social situations is at-
tempted, general areas within which application might
be fruitful are suggested. For instance, in the realm
of social groups, there would seem tobe two eutstand ~
ing aspects of communication deserving attention:
that of communication between individuals (or be-
tween groups), and that of communication between
ideas and attitudes. The spread of rumoar is a good
example of the close relationship between these as-
pects. While the rapidity, direction, and extent of
the spread depends partly upon the patterns of con-
nection between individuals andgroups, they also de-
pend - especially with respect to the growth and bi-
as of the rumor, and the readinessto hear and trans-
mit -upon the connecticn of the content of the rumor
with other ideas and attitudes.

BASIC ASSUMPTION

1. The space being dealt with consists of collections
of eells,

2. A cell is equivalent to 2 point or position in the
space.

3. A given cell may or may not be touching another
cell.

4. If a cell Aj is touching another cell Ag, then cell
Ay is said to be touching cell Ay,

5. -A cell cannot touch itself.

DEFINITIONS

1. Boundaryofa cell: the boundary of a cell A con-
sists of all cells touching A.
2, Region: a region is any -class or collection of
cells
3. Open cell: cell A is open relative to region g if
the boundary of A is not contained in g.
4. Closed cell: cell A is closed relative to region
g if the boundary of A is contained in g.
. Boundary ofa region: the boundary of the region
gisthe class of all cells not in g and touching at’
least one cell in g,

o
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6. Chain: cells Ay, Ag, ......, Ay are said to form
a chain if Ap is touching Ag, Az is touching A3,
siweny Apop is touching A, Ap may or may not
e equivalent to Ay.

a) Simple chain: cells Ay, Ag, «....e ; Ap are
said to form a simple chain if A; touches
cell Ayand no other cell, if Ag touches Al
and Ag andnoother cell, if Ag touches Ag
and Ay and no other cell, etc., ...and cell
Ay, touches cell A, _j and either does or
does not touch cell Ay, '

7. Length of a chain: the length of a chain is equal
to the number of cells contained in the chain less
one,

. Structure: aregion gis said to be a structure if
for any pair of ceil Ay, Ay contained in g, there
exists a chain contained i g and connecting A
and Ag.

9. Distance betweeniwocells: thedistance between
any two cells Ay, Ag(AjA2) in a structure w is
the minimum length chain contained in w and
connecting Ay and Ay.

10. Distance between & cell and a region: when cell
A and region g are both included in W, and when
A is not in g two distances are distinguished.

a) Maximum distance: the longest distance
of all distances from A toevery cell in g,

b) Minimum distance: the shortest of all
distances from cell A to any cell in g,

11, The outermost regionof a structure: the outer-
most region of a structure is the class of all
cells which are open relative to the structure.

12. The innermost region of a structure: the inner-
most region of a structure is the class of all
cells with the largest minimum distance from
the outermost region of the structure,

13, The largest of the maximum distances between
the outermostand innermost regions of a struc-
ture is denoted by the letter r.

14. The largest of all distances between a cell Ay
and any other cell in the structure is denoted by

o

p.

15, The diameter of a structure: the diameter of 2
structure (d) {sequal to the largest p that can be
found in the structure.

16. The central region of a structure: the ceniral
regionof a structure is the class of all cells with
the smallest p to be found in the structure.

17. The perip}:er;l region of a structure: the peri-
pheral region of a structure is the class of all
cells having the greatest maximum distance from
the central region. This distance will be de-
noted as c.
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A DISCUSSION OF THE DISTANCES d, ¢, and r.

A Method of Nustration.

In 2 discussion of patierns of communieation
within a structure, three structural distances are
distinguished: d, ¢, and r (see Definitions 12,14, &
17). Although not strictly necessary, and often un~
desirable, some Rind of picture oif a structure is
nelpful in illustrating certain relationships between
these distances. The pictures will be constructed in
the following way: a structure of three cells all of
which touch each other would be shown asin Figure 1.

B

Figure 1

If in this structure cell A wasan open cell {see Defi-
nition 3), the structure would be shown as in Figure 2.

B

Figure 2

The picture shown in Figure 3 would mean

’ N\

F € D

Figure 3
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1) That A, C, F were open cells and that B, D, E
were closed cells; 2) That A (with respect to this
structure) touched only B, and F touched only ¥;
that B touched A and D, D touched B, C, and E, and
E touched D and F.

The reason for this change from the kind of
pictures used by Lewin is that certain types of struc~
tures are very difficult or impossible to draw in that
manner, For instance,itis impossible to represent,
Lewin-wise, a structure in which A touches B, B
touches C, .and A and C are open cells and B is
closed. (see Figure 4)

A B <
Figure 4

The distance d (Definition 14: The largest of all
distances between a cell Ajand any other cell in the
structure is denoted by p; Definition 15: The diameter
of a structure (d_) isequal to the largest p that can he
found in the structure.)

The wayinwhich the distance d may vary in a
structure with a constant number of cells can be
shown by the use of several pictures.

A B < = e
d=4
Figure ba
B
A cA L]
3 3 € ©
a=2 d=1
Figure 5b Figure 5c

It may be seen from the foregoing illustra-
tions that the limits of the distance gi_ may he ex-
pressed in terms of n {the number of cells in the
structure). The value of d will be at its minimum
when the longest distance which may be found be-
tween any two cells is equal to n-(n-1) or simply 1,
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as in Figure 5c. The value of d will be at 2 maximum
when the longest distance to be found between any two
cells s equal to a-1 - which means that the struc-
ture will take the form of a simple chain in which
the first cell does not touch the last one. The dis-
tance ¢ (Definition 17:) (The peripheral region of a
structure is the classof all cells having the greatest
maximum distance from the central region. This
distance will be denoted as ¢.)

The way in which the distance ¢ may vary in
a structure with a constant number of cells is shown
in the following pictures.

A e e 3 3 F &

D = central region
c=3

Figure 6a

Te 3 G

[
C = central region
c=2.

Figure 6b

©

]
C +D +G = central region
c=2

Figure 8¢

In Figure 6c the peripheral region (see Defi~
nition 16) would consist of cells A and F. Lewin de~
fines the peripheral regionofa structure as all cells
A for which a cell B may be found so that the short-
est distance from A to B is equal to d. In some
cases, such as that shown in Figure 6c, both defi-
nitions distinguish the same region. In other cases,
such as that shown in Figure 6d, the reglons distin-
quished are different.
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[
Figure 6d

According to Lewin's definitionthe peripheral
region consists of cells A,B,C,D,E,F,G,H. Accord-
ing to the definition in this paper the peripheral re-
gion consists of cells A,B,C,D.

The distance r (Definition 13: The largest
of the maximum distancesbetween the outermost and
innermost regions of a structure iz denoted by the
letter r.)

The way in which the distance r may vary in a
structure with a constant number of cells is shown
in the following pictures.

A B [ 13 E

A = innermost region
r=4

Figure 7a

A B < Y €

C = innermost region
r=2

Figure Tb

A + E = innermost region
r=2

Figure 7¢
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In addition o showing how the distance ¢ may vary,
Figures Ta, Tb, Te illustrate some of the_ptoperties
of a region as they have been defined (see Definition
2). InFigure Tc, for instance, the region distinguished
as innermost consists of two non-connected cells as
far apart a5 it is possible for them to be.

The Limits of the Values That ¢ and r may Assume,

The limits ofthe values that ¢ and r may as-
sume can be expressed in terms of d in the follow-
ing way.

d=¢=9/20) /2

d=r

In other words, the limits of the values that € and 1
may assume are d at one extreme and 1/2 d at the
other.
In order to give a proof of these two state-
ments, it is necessary to state a general prineiple
with respect to. distances within structures. The
principle is that given three cells, A, B,and C ina
structure, A B {the distance A to B, see Definitions
8, 6a, 8) will be equal to or less than BC plus T A.
Proof of thiz general principle may be developed
from the assumptions and definitions:
1) IceliCis contained in the chain AB, then
AC +CB =AB.
2) I the cell C is not contained in the chain
AB, then the chain ACB is by definition equal to or
longer than the chain AB.
3) Therefore, AB < AC +CB
Returning to the question of the limits of ¢
and r in terms of d. N
1) Let A be a cell in the central region.
2) LetCB =d.
3) AB +AC 5_29.
4) AB +AC >d.
5} Therefore, 2¢ 2 d

or d*¢24d/2.
And in the same way with respect to r.
1) Let A be a cell in the innermost region.

) Therefore,

2d.
or 2

2r
d2r=24/2,

iy = the number of eells touching eell A.

te =
Ayay

In reading the value of d/2, read fracttons as the next higher integer.
tance in a structure and distances are so defined thet a fractional distance has no meaning.

siy = the sun of i for every cell in the structure--that is, iy + i, + i, '+ ..ees
P 3 n
= Egfy; sej . = the sum of all distances between cell A; and every other cell in the siructure;

21

Although ¢ and r have the same limits, they
do not vary in the same way. Although formal proof
of this has not been worked out, structures may be
drawn in which ¢ and r do not have the same values,
(Figure 8).

A 8 G ) [3

e=2 r=3

Figure 8

A glance at Figures 5a,b,c, and 8a,b,c, is suf-
ficient to show that in a structure of n cells the way
that d and ¢ will vary within their limits depends up-
on the number and pattern of interconnections be-
tween the cells, This problem was approached in
two ways, and although the objective of {inding the
function along which d and ¢ vary was not attained,
the results are interesting enough to be stated.

The Limits of six(ﬁ) for a Strueture of n Ceils,

1) In a structure in whichevery cell touches
every other cell iy =n-1and six =n(n-1).

2) In a structure in which each cell has the
fewest possible cells touching it, the structure will
take the form of a2 sgimple chain in which cgll Aq does
not touch cell Ay,

3) Therefore iA1= Ligg=2,4a3= 2 ceniervnny
iAp-1=2,1ap = 1.

4) Therefore six = 2(n-1).

5) Therefore, we may say that for a struc-
ture of n cells the value of siy will vary from n{n-1)
to 2(n-1),the range of variation being n(n-1}-2{n-1)=
(n-1}{n-2).

The Limits of ) sexy(TMor a Structure of n Celis.

1) In a structurein which every cell touches
every other cell, seg1x = n-1 and ) sexy =n{n-1).

2) In a structure in which each cell touches
as few other cells as possible, the structure will
take the form of a simple chain in whick cell Ay does
not touch Ap.

3) Therefore,

Sep1x =l +2+3 4. +n-1, and

The quentity d/2 refers to a die~

ae tdy .

3 sexy = the sums’of all dlstances between all pairs of cells in the structure.
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Sepgx =1+ 1424 4n-2, ete, to
seA1 =n-l 4. 241,
n(n-1
4) segqy = ( 3 )

n-1) (k-2)  n-{n-2) n-{n-1)
T
seAgx = (n-2)2(n-3) . n-(n—S)zn—(n—Z)

) _n-(n-3) n-(n-2} . n-~2)(n-3)
AT T D 72
n-(n-2) n-{n-1) (n-1){n-2)
N e
_nf-1)
SepAx = g
5} Therefore Zsexy may be expressed as
n(n-1) +(n-1)(n-2) + (n-2){n-3) + ...... +n-(n-1) (n-n)
or simply

n(n2-1)(8
3

6) Therefore, the range of values for Zsexy\

in a structure of n cells will be
n(n?-1) -n(n-1) _n(@-1)n-2){®
3 ST .

Distancesd,c,r, andthe Spread of Change in a Struc-
ture.

One way of studying the communication pat-
tern of a structure is to assume a change of state as
occutring in some cell and spreading by contact
throughout the structure. Let us assume that at1t° a
change of state oceurs in cell X, and that at t the

8. Let @ = ni(n~1) t (-1 (=) + ...
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change has spreadm to all cells Xl which touch cell
X, and that at 12 the change has spread to all cells
Xg each of which touches at least ome cell of the
class of cells designated as Xy. If we assume fur-
ther that the time intervals t1-t9, t2-t1, 342, etc.,
are constant, we may describe some aspects of the
communication pattern of a structure in terms of
the time it takes a change to spread from place to
place.
If we consider a simple chain in which cell
A touches B, B touches C, C touches D, ete., and as5-
sume a change of state as originating in cell A, it is
clear that the change will spread at the rate of one
cell per time unit 't". If the change of state is as-
sumed to be in cell A at time t%, then at time t! the
changed state will be in both cells A and B; in time
2 it will be in the three ceils A, B, and C; and at
time t? the change will have spread to the nth cell,
If, instead of a simple chain, we consider a struc-
ture such as that shown in Figure 82 with a change
originating in cell A, the pattern of spread will be
different.

Figure 8a

Although the patternof spread in a particular
structure will be specific to that structure, it is pos-
sible to make certain general statements with re-
spect to spread through time onthe basis of some of
the definitions and derivations made above:

. 1) A change of state not originating within a
structure will start its spread within the structure
from one or more of the cells comprising the outer
region. Since the largest of the maximum distances
between the outermost and innermost regions is equal
to r (Definition 12), the t" required for a change or=

.t n=(n=1} (nen)

Then ¢ = § ' Jl3-1 =
=1
Jz) n(nmt1 (2mt))  J=n n(n+1)
nJ9=12422+32+ ....... +nf =T 3 I E1 4248 s pn=
ks 1

n{n+1} (2n+1) - nla+)
=& T

-

¢ = 4n3-4n _ n (12-1) - ni-1j
12 3 3

n
9 Notlce that the range of Sse,y 1s-S-tines the range of sixr

10 wa will sssume im thls discussion that the ehamge of state may spread indefinitely without dimimutien or

increase.

i
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iginating outsidethe structureto spread to the inner-~
most region of the structure will be equal to t&, The
value r, however, was shown to vary with respect to
d: d=r =d/2. Therefore, the t values necessaryfor
2 change to spread from the outermost to the inner~
most region under the conditions stated above will
range from t9 to 14/2,

2) A change originatingin the innermost re~
gion of a structure, by the same reasoning as in 1)
above, will require from td to t9/2 to spread to tha
outermost region of the structure.

3) A change originating in the most central
region, will by definition require t¢'to cover the en-
tire structure, As inthe case of t¥, the limits of t€
are also td to 14/2, Since, however, ¢ is defined in
terms of the smallest p (Definition 14), t& will be
equal to or less than tT,

In summation, one may say that whatever the
structure a) a change may not spread throughout a
structure in less than t9 2, b) the smallest possible
t for complete spread throughout a structure will be
obtained if the spread starts in the central region,

i ey

Pesstble Applications of Some of the Concepts Above
to Social Groups.

A study recently completed of a national mi-
nority organization indicated that the sub-group to
which the organization as a whole was most respon -
sive wasalso the sub-group in closest touch with the
non-minority and anti-that -minority environment. Is.
this an example of a region of a social group which
is at the same time the most central and the most
outer region? What difference would it make to the
life of this organization if its most central sub-group
were also its most inner region? The pictures that
follow show someof the variations that are theoreti-
cally possible,

=
+
-3
n

innermost and peripheral region
C = outer and central region

Figure 9

In Figure 9 we see a situation similar in some re-
Spects to the one mentioned above. The central re-
glon is also the outer region, and the innermost re-
gion is also the peripheral region. The innermost
Tegion is in two parts as widely separated as is
Possible,
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L

A 3 s o rd

C = innermost and central region
A + E = owterniost and peripheral region

Figure 10

In Figure 10 we see a structure which appears ina
sense to be "opposite" that shown in Figure 9. The
central regionis now furthest irom the outside. The
region in contact with the "outside” i3 now an uncon-
nexted region.

A ES a © =

C +D = central region and is partly outermost
A + F = peripheral region
F = most inner region

Figure 11

19 ° E
eripheral region and partly outer
A +C = outermost region
C entral region
E = jnmermost region

Figure 12

An interesting industrial situation about which
the writer was told serves to illustrate a possible
meaning of the kind of analysis of structures. shown
in Figures 9,10,11,12, A group of women employed
by a garment factory in a large city and working
alongside each other constituted an informal work
group, In addition to the fact that they were paid on
the basis of their combined production, another cir-
cumstance tended to make this group a close social
structure: all spoke Italianand only one of the wom-~
en could speak English at all, Relations between
this group and the management of the company re-
garding hours, wages, working conditions took place
through the single English speaking member (this in
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spite ofthe fact that the plant was uniontzed). Clear-
ly, this woman, with respect to communication with
management, was the "outermost" member of the
group. The inner structure of the group is not known,
but one may speculate as to the effect upon commu-
nication withinthe group of the position she occupied
within it.

If, as well as being the outermost member,
she were also the mosi central, the group might be
represented as in Figure 9. It is difficult to imagine
that the English speaking member would be other
than central with respeet to communication which
had of necessity to pass through her, although under
certain conditions such a pattern might well exist.
In Figure 12a the English speaking member (E) is
shown in a noncentral position,

B s
E A & °
Figure 122 ¢ L

Itisinteresting in passing to point out the im-
portance of the positionof the English speaking mem-
ber with respecttothe gfoup 'S perception of the "out-
side." Eventhoughthe outermost regionof a structure
may be barred from policy formulation, it may still
exercise agreateffect upon policy decisions. To the
extent that policy decisions are based upon informa-
tion, as to the state of affairs “outside,” withholding
information, coloring or distorting it in ‘transmission,
orinother ways misrepresentingthe state of the out-
side will fundamentally affect these decisions. Ina
senss, the "'perceptual adequacy," loyalty, and morale of
the. outermost region ofa group structures is erucial
in maintaining optimum relations with the "outside."

While it 1s true that the structures under gis=-
cussion are defined. under assumptions which make
their strict coordination with industrial or other hier-
archical organizations impossible, they do provide a
basis for the comparisonof structural properties per
se of certaintypesof organizations, There are some
questions that can be answered quite specifically.
For instance, inanorganization of a given type, what
is the maximum distance that there will be between
any two individuals in it? Will this distance depend
upon the number of people in the organization? the
number of subordinates under each superior? the
number of levels in the organization? the commu-
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nication possibilities between subordinates? One
might askadifferent type of question: in a given or-
ganization where will the region of greatest cen-
trality lie? Who will be in it? who will be most
peripheral?

Some of the answers to these questions can
be given. One may begin by specifying three types
of structures for comparison.

1) an organization in which a subordinate
communicates only with his superior and with his
subordinates (Figure 13)

A
VAN
/7 EM
R T 3 %R’L MW o

Figure 13

2) an organization in which a subordinate
communicates with his superior, the other subor-
dinates of his superior, and his own subordinates

(Figure 14) 1

" LU M N o
Figure 14

3) an organization in which a subordinate
communicates with his supertior, all subordinates
on his own level, and with his own subordinates
(Figure 15)

Figure 15

T
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In these structures, as they are defined, the
significant variable with respect to the values d and ¢
is the number of levels rather than the number of
cells. In Figure 13, for example, it is apparent on
inspection that it doesntt matter how many subordi-
nates each superior has conneeted to him; the d and
¢ values wiil remain constant as long as the aumber
of levels remains constant. The same thing is true
of the structures shown in Figure 14 and Figure 15,

It would seem desirable, therefore, to express
the d and ¢ values in terms of the number of levels
(L).” The numerical values for d and ¢ are shown in
the tables that follow (Figure 16 and 16a)

Structure type  No. of cells  No, of levels d ¢

1 (Figure 13) 15 4 6 3

2 (Figure 14) 15 4 5 3

3 (Figure 15) 15 4 3 2
Figure 16

Structure Type d in terms of L

T (Figure 13) 2(L-1)

2 (Figure 14) 2(L-3/2)

3 (Figure 15) L-1
Figure 16a

Looking at the structure shown in Figure 13,
it is plain that the longest chain is that containing
the cells HD B A C G O. it is also evident that the
longest chain in any structure of this type will be
the one going from the cells occupying the positions
that cells H and O, or ] and N, or Jand M, etc., oc-
cupy relative to the entire structure. The length of
the tongest chain will always equal 2(L-1).

Inthe structure shownin Figure 14, the situa-
tion i{s the same except that inthe chainHDBAC
GO cell A may be omitted, due to the connection
between cells B and C. Therefore, In structures of
this type the longest chain will be equal to 2L-3.

In the structure shown in Figure 15, by the
same process of reasoning, the longest chain will be
L-1.

1t appears, therefore, that the difference in
d between the first two structures becomes insig-
nificant as the number of levels increases, but that
the difference between the d of the third type and the
othertwol incr great, For 1
in a structure of tenlevels the structures would show
these d distances (Figure 17).

1. 15 reading the value of L1/2 read fractions to the
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Structure Type No. of levels d

1 (Figure 13) 10 18

2 (Figure 14) 10 17

3 (Figure 15) 10 9
Figure 17

If we compare these structures with respect
to the distance c, it is helpful again to express ¢ in
terms of the number of levels (Figure 18}.

Structure Type ¢ in Terms of L

1 (Figure 13) L-1

2 (Figure 14) L-1 11)

3 (Figure 15) 1./2¢
Figure 18

In a structure of ten levels the ¢ values would be as
follows (Figure 19).

Stracture Type No. of Levelg c

1 {Figure 13) 9

2 (Figure 14} 10 9

3 (Figure 15) 10 5
Figure 19

Another way to compare these structures is
that of the location of the central region. In the
structure of the first type (Figure 18), the central
region consists of the cell A. Inthe structure of the
second type {Figure 14), the central region consists
of the top two levels ~cells A, B, and C. In a struc-
ture of the third type (Figure 15) the central region
is the second level up from the bottom - cells D, E,
F,G. Asthe number of levels increases, the central
regions of the first two types of structures will re-
main located at the first and the first and second
levels. The central region of the third type of struc-~
ture behaves somewhat differently. If the number
of levels is an even number, the central region is
the L/2+11levelirom the top. I the number of levels
in the structure is an odd number, the central re-
gion consists of two adjacent levels -the one L+1/241
from the top.

Therefore, in a structure of ten levels the
central regions would be located in the following
levels (Figure 20).

next integer.




No. of Loeation of Central Region
Structure Type Levels in Levels from the Top

1 (Figure 13) 10 1st level

2 (Figure 14) 10 Ist +2nd levels

3 (Figure 15 10 6th level
Figure 20

Another comparison of these structures might
be made interms of the total pattern characteristics
8iy and Y seyy. 1twas shown above that for a struc-
ture of n cellsboth of these values have definite lim~-
its. The structures under discussion consist of 15
cells. The ranges of siy and Zsexy (see pages 23
and 25) for n=15 are shown below (Figure 21).

When n = 15
Lower Limit Upper Limit
28 sty 210
210 ¥ sexy 1120
Figure 21

The relative positionsof the three structures
in these ranges are shown helow (Figure 22).

Structure Type six SE:

1 (Figure 13 28 T36

2 (Figure 14) 42 594

3 {Figure 15) 98 374
Figure 22

In interpreting these figures it may be helptul
to think in averages, In such terms 8ig/15 would be
the average number of neighbors per cell, and Sexy /1'5
would be the average distance between cells (Fig-
ure 28},

Average No.
of neighbors

Average Distance

Structure Type between cells

1 {Figure 13) 1.9 49.1

2 {Figure 14) 2.8 39.6

3 (Figure 15) 8.6 24.9
Figure 23

Up to this point the distance r has not en-
tered the discussion because the structures under
consideration have consisted of closed cells only. ¥
a structure has no open cells, r has no value. What
would happen if 2n open cell were added? For.in-
stance, assuming that some personis to be given the
function of introducing from the "outside” changes

L
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which should spread as quickly as possible through-
out the organization, in the structure shown in Fig-
ure 13 it is evident that he should be attached to the
organizational head - cell A, the most central re~
gion. In the structure shown in Figure 15suchan at~
tachment would be one of the poorest to be made,
since in that structure the organizational head is in
the peripheral rather than in the central region,

The three types of structures discussed
above are simple modeis which one would hardly ex-

pect to find duplicated in anexisting social organiza-

tion. Nevertheless, the kind of analysgis that has been
attempted is useful. It suggests, for instance, expe-
riznental group structuresiorthe study of communi-
cation, and affords concepts for their structural
evaluation and comparison. Recently, several trial
runs of suech an experimental setting were made by
the writer. A group was given a task o perform
which necessitated a relatively high order of com-~
munication between individuals. The patternof com-~
munication was experimentally controlled by limit-

ing it to a previously structured telephone system. ;

The results of the few trials that were made sug-
gested rather strongly that a) perception of a co-
worker's ability and personality, b) degree of con-
fidence inthe successful accomplishment of the task,
and c¢) the pace at which work couid be done com~
fortably were all greatly affected by the structural
properties of the communications patternander which
the group operated.

Another value of the kind of analysis attempted
above is that it raises clearly the problems of coor-
dination. Forinstance,in 2 typical industrial organ-
ization what may be defined as the outermost region?
Would the sales force be in the outermost region?
The advertising department? The employment of~
fice? The receiving room? The receptionist? Oh-
viously, answering these questions will depend part-
ly on what kind of communicative material is being
considered. The communication pattern in a group
structure will be different for & funny story than for
news of 2 new stock issue. In the same way, the na-
ture of "outside" will be different if one thinks of
communication from the outside to the structure of
baseball news as againsi stock market trends,

It is helpful, also, io consider the definition
of ‘outer region". The outermost region of & struc-
ture is composed of all the cells which are "open"
relative to the struecture (Definition 11). An open
cell of a structure is any cell whose "boundary” is
not contained in the structure {Definition 3). The
boundary of a cell consists of all other cells touch-
ing that cell (Definition 1). In the case of the re-
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ceiving-shipping department of a company, if mate-
rizls were yeceivedirom and shipped to branches of
the parent company only, one might conclude from
the definitions given above that the department was
not part of the outer region. The psychological mean-
ing of "shipping and receiving" would probably chaAnge
i this department were ta become an outer region.
This difference might express itself in terms of de-
partment discipline, standards of performance, Ys\vcn‘k
organization, and attitude toward the “customer”.

DIRECTION WITHIN STRUCTURES

Just as in the case of distance, psychologifxal
direction is tmpossible to define interms of Euclid-
san concepts except invery special circumstances;
when paychological and physical movement toward &
goal coineide. In many instances where the gsychol—
ogical goal is the reaching of a physical object, the
direction of observable bodily movement may be
quite different from the psychological direction to
the goal. A person traversing a familiar maze may
be moving directly away, physically, irom the goal,
although moving psychologically closes. Qther types
of changes of position which have a clear psychologi-
cal direction - such as becoming a member of a so-
cial group - may have no physical eorrelate whatso~
ever. )
{n his hodological geometry, Lewin ap-
proached the problem of direction from the same
is ag that of distance.

baSl‘fl‘he distance a,b refers to the length of (the)
distinguished path from 2 to B ..vre. The concept
of direction inhodological space follows the same
pattern. It also refers to a path between two re-
gions A and B. Generally there are many suc}x
paths possible between two such regiuns‘and it
is necessary to select one path which wx}lz de~
termine the direction (of the path A to B).! ’

The problem of selecting the disting\{xshed
{shortest) path has been discussed above, AS inthe
{reatment of distance, this thesis attempts tf\e de-
velopment of a concept of direction on the basis of &
minimal reglons" definition of shortest path, The
following ideas are developed below:

a) Steps toward or away, Or neither toward
or away from specified ceil Ay

b) A straight line path toward Ag.

¢) A-straight line path from one cell A, to
another cell By,

12- gp, city, pe 6
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d) Direction of movement along a straight
line path from Ag to Bg. -

e) A general statement of the definition of
“igtraight line path”,

Steps Toward or Away from a Specified Cell

A cell A is selected as a point of reference,
and all other cells in the structure are x‘efe.rted Fo
in terms of their distance from A. This relationship
may be conveniently indicated by the use of suP;
scripts. Let the cell which ig selected as the pO}n
of reference be designated as Ag and ail ct?lls which
are a distance of 1 away from A, be des:ggated ai
Ay, etc. Thus a structure is stratified into "ayers
in terms of distance from Ay. A step {irom anyAcell
in the structure to an adjoining ¢ell may be said to
be toward A, if the step is from a h%gher toa lowe‘ri
subseript. Thus, the step Ap, Ap -1 18 2 step towar
Ag. The step Apy Apsy is a step away from Ag. The
step Any Aq js a step neither toward nor away from
Ag (see Figure 24).

Figure 24

Step Ay Ag is away {rom A,
Step Ag A1 is toward Ag
Step Ag Ag is neither toward nor away from A,

i ine Path Toward Ag.
. Strmg:;yl‘:::ain of cells sa arr?mged that successive
steps along it show a decreasing subscript is con-
sidered tobe a straightline path toward Ag. All such
chains may be expressed in the form
Apy Ap-1nBpegs o Ag, Ay, Ao

In a given structure there willbe at least one Stmiiht
line path from every cellnot Ay to Ag(see Figure 25).
This follows simply from the method used to .asﬁgn
subeeripts. If a cell not Ag pears the subseript Ax,
it must by definition be touching at least one ce.ll
with a subscript of Ag_j. The cell Axy must, in
turn, be touching a cell with the subscript Ay o,
etc.




A A Ay A,

Figure 25

From A4 there are three different straight
line paths to A,.

A Straight Line Path from Ay to By,

Ifa structure is stratified with respect to hoth
a cell A and a cell B, each cell in the structure will
have an "A" subscript and a "B" subscript written in
the form AxBy. In a simple chain structure of five
cells the subseript would be shown in Figure 26.

AZ, AR, AB, AB, AP,

Figure 26

A straight line path from-cell Ag to cell B is de-
fined as a chain that may be written AgByp, A1Bp_1,
AgBn-2; -y Ag_gBy, Ay 4By, AgBg.

Direction of Movement Along A Straight Line Path
irom A to B,

The direction of movement along a straight
line path from A to B may be indicated by assuming
all A subscripts to be positive and all B subscripts
to be negative. Analgebraic summation of subscripts
for each cell may then be made. A summation of
each stepOfthesequencerBn,Aan_l,Aan_z rerey
Ap-3B3, An-1By, AnBo yields the following result:
-n, -n+2, -n#4, ... ; n~4, n-2, n, Interms of the
above sequence, it may be said that in a straight line
path from A to B the absolute difference between
algebraieally summated subscripts is equal to 2. A
step along this path toward B gives a subscript dif-
ferenttal of +2 or {-n+4)-(n+2); a step along this path
toward A gives a subseript differential of -2 or
(~n+2)~(-n+d),

It was stated above that there is at least one
straight line path from any cell not A, to Aq. Since
the cell By is one cell of the class of cells not Ag,

13.
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it follows that there is at least one straight line path
from Bg to A,. By similar reasoning there is at
least one straight line pathfrom A, to By, It may be
shown, also, that there is a2 path which is both a
straight line path from A, to By, and a straight line
path from B, to Ay The demonstration is as fol-
lows: takeany straight line pathfrom A, to By. The
cell B, willhave an A subscript of some value x. By
definition, there must be some cell touching this cell
AxBo which has the subscript of Ax—l- ‘The B sub-
seript of the ceIle_l will necessarily beBl. There
must be some cell touching the cell Ay-1By which
has the A subscript of Ay.9. The B subscript of
such a cell cannot be B, since Bg is a unique cell in
the structure, It camnot be By because:

2} Any cell By touches cell B .

b) Cell By has an A subscript of x,

¢} But the subscxipt of adjoining cells may

vary only by 1,

d) Therefore, the celf AxBo may not touch
the cell Ax-2B; since the A subscripts
differ by more than one,

Therefore, the eell Ay.-g must bear the
subscript Bg.13

&

In the same way, it may be shown that in a chain
from B to Aj in whichthe A subscripts decreass at
each step (a straight line path from Bg to Ay), the
B subscripts will increase at each step from By to
Agp {3 straight line path from Ag to Bo).

Constant Differential Paths Other than Dath Ay By,

If a straight line path between Ag and Bo 1s
defined in terms of a constant subscript differéntial
at 2, what about paths with constant differentials at
some other value, if any such paths exist?14 The
Problem may be stated in this way: in a structure
in which no restrictions are placed upon the number
of cells or their pattern of connection, how many, if
any, paths with different constant subscript differ-
entials may there be? The following analysis ap-
bears to answer this question.

In a structure that has been stratified with
respect to some cell A and some cell B let the cell
AxBy (contained in the chain AgBo) be selected,
Since the A and B subscripts in any adjoining cell
may vary only by one (or remain constant), the sub-
scripts for all cells touching AyBy may be written
(Figure 27).

It is possible, of course, for the cell A, By to exist in the strusture, but 1t may not touch the cell

1%+ Bxoept where stated otherwise, in the discussion that follows it is assuned that the structures dealt
with are stratified with respect to only two points of reference — A‘) &and Bov
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AgBy AxBy4l AxBy .1

Ax1By |4x+1 Bya | Axa By
Ax-1By [Ax-1 Byyy | Ax-1 By-1

Subscripts of ali cells touching cell AyBy
Figure 27
Assuming that the A subscripts are positive

and the B subscripts are negative, the summation of
the subscripts is shown in Figure 28,

Summatfon of subscripts shown in Figure 27.
Figure 28
The difference between the subscripts of

each of these cells and AXBy may now be calculated
(Figure 29).

0 -1 | +1
+1 0| +2
-k | -2 ]

Subscript differential for every possible step irom
ABy
Figure 29

It may be said, therefore, that in a structure
stratified with respect to two cells and with no re-
striction placed upon the numberof celis or the pat-
tern of connection, paths may be distinguished with
constant subseript differentials of o,-1,+1,-2,+2, It
is helpful at this point to draw a structure showing
the subscript differentiaks derived above (Figure 30a,
30D).

153

)

Figure 30a

29

AaBs AB,

Figure 300*

*The structures shown in figures 30a and 30b are
jdentical, Two figures are used for convenience in
indieating path differentials. Forinstance, the step
C,D is translatable into A1B3, AZBS which is equal
to sumimated subseripts -2, -1. Transposing these
quantities in order to get the subscript differential
of the step: -1(~2) = -142 = +1.

The table below {Figure 31) gives some of the steps
and their subscript differentials.

Step Subseript Differential
GE a
GH )
GD -1
GF +1
GC -2
G I +2

Figure 31

A General Definition of Straight Line Path.

Any chain is considered to be a straight line
path if ithasa constant subscript differential at ea.ch
step. In a given structure the subscript differential
of agiven step may change if the location of Ay and/or
B, is changed. It should be understood, therefore,
that a chain is a straight line path relaiive to the
AoBo matrix that is being used.

CONCLUSION

The mathematical model presented here is
admittedly in an early state of development, and the
problem of coordinating the mathematical concepts
to psychological data is still to be met. ’Fhe main
objective of this paper is to define a possible geo-
metry for dealing with psychological space, and to
explore in a limited way the consequences of 4 par-
ticular set of assumptions and definitions.




‘The fruitfulness of a model such as the one
presented above may be judged not only by the gques-
tions it answers, butalso by the questions it prompts
one to ask. In a logical system as undeveloped as
this one, the choice of "next steps" is sure to be
greatly colored by personal interest however “logical*
the choices are claimed to be, But the setting downr
of the questions that would, to the writer, be next
steps is one way of indicating possible continuations,

The questions divide themselves naturally in-
to two main groups: questions with respect to the
mathematical development of the model, and ques~
tions with respect to the problem of coordination.

1) Mathematical development problems,

a) Although the distances ¢ and rhave the
same limits intermsof d, it has been shown that they
do not vary withinthose limits in the same way. Why?
What is the precise relationshipbetweenc, r, and d?

b) A structure of n cells and with 2 con-
stant six may take more than one form. Some of
these froms have different Xsexy values. Likewise,
a structure of n cells and with a constant  seyy may
take more than one form, and some of these forms
have different siy values. What precisely is the re-
lationship between siy and seyy?

c) There appear to he many evidences
that the length of the straight line path A, to By in
a structure limits the length of straight line paths
other than paths with a zero differential. Is this true,
and, if so; how does the limitation operate?
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2} Coordination problems.

aj it has been shown that a path within a
structure may have a direction. A psychologicalforce
is also assumed to have a directional value, Can the
direction of a psychological force on a person at a
cell By toward the ¢cell Ay be coordinated to the di-
rection of the straight line path from By to Ay?

b) To what psychological entity should a
cell be coordinated? If cells are coordinated to ac-
tivities, goals, social position, etc., to what should
regions be coordinated?

c) In order to assign directional values
to paths, certain cells (Ag and By) were designated
as reference points. To what should these reference
points be coordinated in a life space? It would ap-
pear that the coordination should be made {o some
part in the life space sufficiently outstanding so that
all other parts are seen in relation to it. Goal re-
gions seem an obvious choice, but many other use-
ful coordinations seem possible.

-Obviously, these are only a few of the ques~
tions that could be set down, and it is impossible to
predict what course further work will actually take,
For the psychologist there isan understandable urge
to proceed with the business of coordination. It may
be, however, that the possibility and fruitfulness of
coordinationare very different at different stages of
development of a model, and that further mathematical
development of the model is the quickest waytoa
useful coordination with psychological fact.




