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Its Constraints on Social Innovation

Introduction

This paper reviews some general pro-
blems associated with innovation in a
complex social environment. Specifi-
cally it is concerned with the vital im-
portance of innovation in the structures
and procedures used in support of
social innovation — on the basis that
there are characteristics of existing
organizations, meetings and informa-
tion systems which can be a major fac-
tor in hindering or even preventing the
changes they are themselves supposed
to be facilitating. These and related
points are explored in more detail in
the following papers :

— Presentation of information and its
educational role in response to com-
plexity (in this issue)

— Organizational forms in response
to complexity

— Organization of meetings for the
discussion of complex issues

— Institutional « games » and strate-
gies as a response to complexity.

Complexity : an overview

As the supporting papers make clear,
many authornities are concerned at the
increase in complexity of the social
environment and mankind’s apparent
lack of ability to respond adequately .
« What is significant of our present
era is the emergence of a degree of
social organizational complexity and
a rate of coalescence of previously
segregated populations that defy our
current efforts at symbolic reduc-
tionism. Larger and larger parts of
the lives of more and more people
are being lived in conditions of en-
vironmental turbulence ».
(F E Emery and E L Trist. Towards
a Social Ecology).

« While the difficulties and dangers
of problems tend to increase at a
geometric rate, the knowledge and
manpower qualified to deal with
those problems tend to increase at
an arithmetical rate ».

(Yehezkel Dror, Prolegomenon to
policy sciences, AAAS symposium,
Boston 1969).

« Many of the problems we expe-
rience today have been with us for
a long time and those of recent vin-
tage do not seem insurmountable,
of themselves. The feature that is
wholly newintheproblematic aspects
of our situation is rather a frighte-
ning growth in the size of the issues
and a tendency toward congealment
whose dynamics appears to be irre-
versible. The congruence of events
appears suddenly possessed of a
direction and a total meaning which
emphasizes the insufficiency of all
the proposed solutions increasingly
and reveals rigidities that are not
stable or set, that do not confine
the problems but enlarge them,
while also deepening them. This sug-
gests that our situation has an inner
momentum we are unable fully to
comprehend; or, rather, that we are
trying to cope with it by means of
concepts and languages that were
never meant to penetrate complexi-
ties of this kind; or, again, that we are
trying to contain it with institutions
which were never intended for such
use. » (Hasan Ozbekhan. Toward
a general theory of planning. In:
Eric Jantsch (Ed). Perspectives of
Planning. OECD, 1969, p. 144).
That these matters are of current inter-
national concern is illustrated by the
fact that the World Future Studies Fe-
deration recently sponsored a postgra-
duate summer school on « How to cope
with complexity; new trends and deve-
topments in humanities and social
sciences » (Romania, 1976) which was
the occasion for a Unesco symposium.

Complexity :
the simplistic response

Of necessity there is increasing aware-
ness that previously isolated matters
are now interlinked and that every issue
has to be examined in terms of its
potential relationship to other issues.

But in debate on any matter, there
is seldom consensus on how issues
should be distinguished and interrefated.
One common response is to consider
issues in isolation and assume there
are no relevant interconnections.

Where there is consensus on the impor-
tance of interconnections, the only
other response is to attempt to consi-

_der everything in every forum of de-

bate. (« Every issue in every context »).
The impossibility of doing so is then
used as an excuse for simplifying the
issues and picking out those which are
« most important ».

Consequently whatever the macro-issue
under discussion, debating points on
any related topics are considered rele-
vant. However, since the relative im-
portance accorded to such points is
based on changing political conside-
rations rather than substantive ones,
such debates are unable to converge
on any implementable programme of
significance which takes account of the
manner in which the probiems them-
selves are interlinked. Such debates
then become arenas in which the desire
to resolve-the issues is merely reaffir-
med and the participants bilame each
other or third parties for not coming
to grips with a situation they are unable
to focus upon.

An allied approach assumes that no
particular remedial project is of signi-
ficance unless the whole system is chan-
ged. (« Everything must be changed
before anything can be changed »).
This tends to focus resources on total
change at some future time and diverts
resources from the particular projects
which are feasible at the present time.
Perhaps this will prove to have been
the best approach.

Ironically, the proponents of a parti-
cular form of change tend to perceive
it as the only viable or significant form
(e.g. to a political activitist only politi-

(*) The first in a series of Introductory
reports prepared by A.J.N. Judge for a
session at the Journées d'études, 28-30
March 1977, Paris, of the International
Foundation for Social Innovation.
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cal change is of significance). They are
consequently unable to detect the man-
ner in which their action is counter-
balanced, checked, contained or even
undermined by other forms of change.
It 15 not yet possible to determine how
different kinds of change strategy can
be blended harmoniocusly together into
a mix which is appropriately innova-
tive. No body has a mandate to attempt
this, and no intergrative discipline
exists to legitimate such an approach.

Complexity : the operational
supporis for innovative action

{t is the argument of this paper that
whatever the societal problem or the
nature of the remedial project, such
activity is at some stage (if not for its
duration) dependent on the supportive
operation of
- - organizations
—— information systems
-— meetings.
The question is whether the prevailing
concepts underlying the use of such
devices in fact ensure that they are
structured so as to be able to function
effectively as support mechanisms in
the face of a certain degree of social
compiexity. The accompanying pa-
pers suggest that there is evidence that
they are not adequate to the demands
ptaced upon them.
What is the meaning of « adequate »
in this context ? Fortunately, this has
been clearly established through a gene-
ral taw (Ashby's Law of Requisite Va-
riety) which emerges from cybernetics
and the mathematics of control in all
systems :
« The abundance of alternative con-
trol actions (variety of control ac-
tions) which a control mechanism is
capable of executing must be at least
equal to the abundance of the spon-
taneous fluctuations {variety of fluc-
tuations) which have to be corrected
by the control mechanism, if the
control mechanism is to perform its
function effectively. In other words,
only a greater amount of variety in
a regulator can controi the variety
in a given system; only variety can
destroy variety ». (W R Ashiby. Self-
regulation and requisite variety.
in: Introduction to Cybernetics.
1956).

This means that uniess the organiza-
tions, meetings and information sys-
tems used to respond to a problem
complex embody in their structure a
degree of complexity equivalent to or
greater than that of the problem com-
plex in question, then their response
will not be « adequate » as remedial
action. in other words, for example, a
simple organization structure cannot
eliminate a complex problem.

This is intuitively obvious but its con-
sequences for the manner in which
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{(Box 1)

Interaction between social
change and personal change

The following quotations indicate the
importance of the relationship be-
tween innovation in society and the
prerequisite changes in the indivi-
dual for such innovation to ensue,
and to be considered significant :

The fact which confronts us is that
cultural change is limited by the res-
trictions imposed on change in indi-
vidual human nature by concealed
neurotic processes. At the same time
there is continuous cybernetic inter-
play between culture and the indivi-
dual, i.e. between the intrapsychic
processes which make for fluidity or
rigidity within the individual and the
external processes which make for
fluidity or rigidity in a culture. It
would be naive to expect political and
ideological liberty to give internal
liberty to the individual citizen unless
he had already won freedom from the
internal tyranny of his own neurotic
mechanisms... Therefore, insofar as
man himself is neurotogenically res-
tricted, he will restrict the freedom
to change of the society in which he
lives. This interplay is sometimes
clearly evident, sometimes subtly con-
cealed; but it is the heart of the solu-
tion of the problem of human pro-
gress.

(Lawrence S. Kubie. The nature of
psychological change and its rela-
tion to cultural change.

In: Ben Rothblatt (Ed) Changing
perspectives on Man, 1968).

We can either involve ourselves in the
recreative self and societal discovery
of an image of humankind appropriate
for our future, with attendant societal
and personal consequences, or we

can choose not to make any choice
and, instead, adapt to whatever fate,
and the choices of others, bring
along.

(Center for the Study of Social Policy
of the Stanford Research insti-
tute. Changing images of Man, 1974).

The relations between world culture
and the unified self are reciprocal.
The very poss'ibllity of achieving a
world order by other means than
totalitarian enslavement and automa-

tism rests on the plentiful creation of
unified personalities, at home with
every part of themselves, and so
equally at home with the whole family
of man, in all its magnificent diver-
sity... In brief, one cannot create a
unified world with partial, fragmen-
tary, arrested selves which by their
very nature must either produce ag-
gressive conflict or regressive isola-
tion. Nothing less than a concept of
the whole man — and of man achie-
ving a consciousness of the whole —
is capable of doing justice to every
type of personality, every mode of
culture, every human potential. At
this point a further transformation,
so far not approached by any historic
culture, may well take place.

(Lewis Mumford. The Transformations
of Man, 1956).

I faudrait que les mentalités évoluent
avec les transformations du monde,
mais 'esprit humain est naturellement
conservateur et farésistance au chan-
gement, si elle se manifeste de ma-
niére éclatante dans les structures,
existe d’abord dans les esprits... Le
décalage permanent entre les situa-
tions et les mentalités qui résultent
de cette résistance tend & augmenter
puisqu’il y a accélération du change-
ment... Cependant la résistance au
changement est telle qu'il arrive que
I'on se borne a greffer des structures
complémentaires sur fes structures
anciennes, sans §'interroger sur leur
compatibilité, ou méme que 'on ré-
produise fidélement les structures
anciennes... Le probléme central est
donc bien celui des « structures
mentales ». Certaines d'entre elles
ne correspondent plus aux réalités
et nous encombrent : elles suscitent
P'apparition d’un conflit de modéles,
c’est-a-dire un divorce entre les re-
présentations que nous a léguées le
passé et celles qui sont nécessaires
pour appréhender le monde d au-
fourd’hui... Nous sommes inadaptés
a la croissance et au mouvement.

(Centre  d’'Etudes  Prospectives.
L’Homme Encombré. Prospective,
15, Avril 1969, pp. 48-49).




support structures are conceived, de-
signed and used are not so clear.

An interdisciplinary conference was
heid in 1968 on the effects of con-
scious purpose on human adaptation,
under the sponsorship of the Wenner-
Gren Foundation for Anthropologi-
cal Research. The conference conside-
red the ability of man and his institu-
tions to recognize and respond to the
complex of social problems. In her
concluding remarks at the conference,
the editor of the proceedings notes one
conclusion on which there was some
consensus and which helps to clarify
the points above :

« Each person is his own central
metaphor... Any kind of represen-
tation within a person of something
outside depends on there being
sufficient diversity within him to
reflect the relationships in what he
perceives... The possibility of seeing
something, the possibility of talking
about it... depends in every case on
arriving in yourself at a comparable
complexity, which depends in turn
on the kind of diversity existing within
yourself. Another way to put that
would be to say that if human beings

were totally non-comparable in the
degree of their internal complexity
to what's outside, then there would
be no chance of any kind of valid
internal representation of what lies
outside them... We can't relate to
anything unless we can express its
complexity through the diversity
that is ourselves... Now, the ques-
tion of consciousness brings up the
fact that we have incomplete access
to the complexity that we are. We've
blocked out a great deal of it... by
rejecting it... we're just notorganized
to be aware of it. » (M.C. Bateson,
Our Own Metaphor, Knopf, 1972,
pp. 285-288).

Clearly this point is only made expli-
citly with regard to the individual, but it
also applies to the social structures
through which invididuals work collec-
tively. The chairman of the above con-
ference, using the phrase « We are our
own metaphor » (ibid, p. 304), implicitly
acknowledged one participant's reco-
gnition of this with respect to the dyna-
mics of that conference.

In a very real sense therefore a mee-

ting, for example, through the way in

which it is organized and functions.

{a) mirrors the participants’ collective
ability to represent the society
about which they are concerned, and

(b} mirrors any tack of integration be-
tween perspectives and priorities (in
the external worid) represented by
participants, and the consequent
ability of society to respond to that
complex situation.

The organization and dynamics of the

meeting itseif may therefore represent

very clearly, through its own defects,
the defects of the society or social group
whose condition it was convoked to
alleviate. Similarly, an institution or an
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Interrelationship between operation support structures

Complexity contained by operational support structures
ABC Organizations, meetings and information systems seffectively interiinked.
Complexity uncontained by operational support structures

Organizations unrelated to meetings or information system
Information system unrelated to organizations or meetings
Meetings unrelated to organizations or information systems
B Organizations effectively linked to information systems but unrelated to

BC Meetings effectively linked to information systems but unrelated to organi-

CA Meetings effectively linked to organizations but unrelated to information

NOTE : This illustration is clearly an oversimplification, but it does show that only
under « condition ABC » can the problem complex be in focus. Omitted from the dia-

1. Other operational supports (e.g. legisiation, technology, etc.).

2. The necessary integration between operational supports of the same kind (e.g. orga-
nizations), if several are required to contain the problem.

3. The effect of the lack of integration under certain conditions or during certain periods

Organizations

Meetings

information system constitutes, through

its structure and operations, a forma-

lization of a perception of society and

of any (in)ability to respond adequately

to its problems.

For this reason it is important to look

very carefully at the structure and

dynamics of these operational supports

for innovative action to determine

whether they are in fact capable of

(a) bringing into focus the problem
complex on which they were desi-
gned to act, without distortion or
oversimplification

(b) interlinking the intellectual and
other resources which can usefully
be brought to bear on the problem
complex.

An obvious corollary of Ashby's Law
(cited in the Yearbook of World Pro-
blems and Human Potential) might
read :

« That any attempt to control a psy-
cho-social system with a control sys-
tem of less complexity (i.e. of less
vaniety) than that of the psycho-
social system itself can only be made
tosucceedbysuppressingorignoring
the variety in the psycho-social sys-
tem so that it is less than the relative
simplicity of the control system. »
Such « suppression » tends to tead di-
rectly to violence and the multiplica-
tion of other problems.

Complexity and the
change agent

Although it is not the main concern of
this series of papers, it is nevertheless
important to link the perception that
« Every person is his own central me-
taphor » to a point made in Box 1.



It is a paradox of social innovation,
whose intent is in some way to develop
man and his condition, that the effecti-
veness and scope of the programmes
to do so are necessarily bound and
constrained by the degree of personal
development of those involved in their
conception  and  implementation. In
addition, t is through their develop-
ment and use of organizations, meet-
ings and information systems that in-
dividuals  provide themselves with
« learning environments » and the ne-
cessary experiences to support their
own personal development. It is for this
reason that it is also important to look
at the place of « games » played by
people and institutions (see the fourth
paper in this series) as a way of struc-
turing their experience in such envi-
ronments. Such games may actively
oppose of hinder innovation, or possi-
bly support it under conditions which
remain to be determined. They are
obviously also an important equili-
brium-maintaining device in a society
excessively sensitive to change.

The paradox, both with respect to the
individual and to his coperational sup-
ports, is that innovative responses have
to be engendered by outdated structures
and processes The question is, can the
key innovative concepts specially nee-
ded at this time only be generated and
delivered through innovative structures
or are the outdated structures adequate
to the task ?

Interlinking operational
supports for innovative action

The previous section discusses the abi-
lity of organizations, meetings or infor-

mation systems to contain separately
the complexity with which they were
designed to deal. In practice, however,
these operational supports are used in
a mutually dependent fashion. (Orga-
nizations depend on information sys-
tems, meetings are used by organiza-
tions, etc.). Now, whilst one of these
operation supports may contain the
complexity with which it has to deal in
an adequate manner, the other sup-
ports on which it depends may not, thus
negating the etfectiveness of the whole :
In effect, in order for a problem com-
plex, handled adequately in a meeting
(for example), to be «transferred »
to an organization or to an information
system, the latter must be of matching
complexity (both to the meeting struc-
ture, and obviously to the problem
compiex) for the problem to remain
« contained » during and after the
transfer. in fact, it may be necessary
to use the mutual reinforcement of
meeting, organization and information
system to keep track of an evolving
problem complex, or even to use a
number of carefully interlinked mee-
tings, organizations and information
systems to ensure containment. The
design of such linked support structu-
res has not been adequately considered
in relation to problem complexity.

The situation may best be summarized
by the diagram and commentary in
Box 2. This shows, for example,
the weakness in having an excelient
meeting without adequate organizatio-
nal follow-up. Although this is intuiti-
vely obvious, there is clearly a signi-
ficant danger in assuming that a pro-

blem complex is contained because
of the positive aura of highly success-
ful operational support — which is
usually all that is required as evidence
of activity to suppress possible criti-
cism in the political arena.

Clearly there are other forms of ope-
rational support which could have been
considered here (and included in
Box 2) Examples are legislation,
funds, human resources, etc. These are,
however, all a subject of much atten-

tion in organizations, meetings and in-

formation systems. The latter are
therefore in one sense « more funda-
mental » but, as the accompanying
papers show, nevertheless do not appear
to receive the attention they merit
(partly because of the embarrassing
questions this would raise about the
adequacy of the forum through which
this was done).

Attention of this kind would ensure
that an operational environment was
created which would promote and sup-
port a multiplicity of mutually rein-
forcing innovative projects and approa-
ches, rather than isolated, vulnerable
« one-off » projects, as at present. =




Presentation of Information and its Educational

Role in

it is obvious that with the increase in
compiexity of society and its problems,
there is a much greater dependence on
information. The point was recently
made by Helmut Arntz, President of
the International Federation of Docu-
mentation :

« Quiconque dans cette situation se
hasarde a faire des pronostics sur
l'avenir de I'humanité, ne peut pas
ignorer ['antithése entre le pouvoir
inoui que nous confére la technique
(y compris celui de nous détruire
nous-mémes), et la faiblesse de no-
tre volonté, la médiocrité des
moyens intellectuels dont nous dis-
posons pour son application intelli-
gente... Aujourd hui, nous I'avons
vu, l'information n’est plus en pre-
mier lieu ['étendard triomphal du
progres. Cest le seul moyen de
garder suffisamment le contrble de
révolution pour que 'humanité, forte
de ses connaissances et de ses expé-
riences, tirant habilement parti de
toutes les donnees de ['information,
conserve toujours une avance Sur
la menace qui peut mener a la cata-
strophe ».
A distinction must, however, be made
between (a) the increasing quantities
of information required, (b) the increa-
sing quality and accuracy demanded,
and (c) the improved structuring of the
information necessary to facilitate its
use.
In a social environment in which the
problems may be considered relatively
isolated and easy to place within the
mandate or field of concern of a sin-
gle organization or discipline, the me-
thods of structuring that information
can be simple (e.g. alphabetic order,
hierarchically structured classification,
etc.). Unfortunately, the social envi-
ronment is now highly turbulent and
information can no longer be adequa-
tely handled by such approaches, as
the following guotations make clear :
« The problem is that in most, if
not all spheres of inquiry and choice,
quantities of raw information over-
whelm in magnitude the few compre-
hensive and trusted bodies or sys-
tems of knowiedge that have been
perceived and elaborated by man. ..
Where, for example, does the novice
urban mayor turn to comprehend the

dynamic interrelationships between
transportation, employment, techno-
logy, poliution, private investment,
and the public budget; between hou-
sing, nutrition, health, and indivi-
dual motivation and drive ? Where
does the concerned citizen or Con-
gressman interested in educational
change go for the best available un-
derstanding of the relationship be-
tween communications, including
new technology, and learning ? »
(McGeorge Bundy. Managing know-
jedge to save the environment, US
House of Representatives, 1970).

« Many of the most serious conflicts
facing mankind result from the inter-
action of social, economic, technolo-
gical, political and psychological for-
ces and can no longer be solved by
fractional approaches from indivi-
dual disciplines... Complexity and
the large scale of problems are for-
cing decisions to be made at levels
where individual participation of
those affected is increasingly re-
mote, producing a crisis in political
and social development which threa-
tens our whole future ». (OECD.
Bellagio Declaration on Planning
1968).
« The most probable assumption is
that every single one of the old de-
marcations, disciplines, and facul-
ties is going to become obsolete and
a barrier to learning as well as to
understanding. The fact that we are
shifting from a Cartesian view of the
universe, in which the accent has
been on parts and elements, to a
configuration view, with the empha-
sis on wholes and patterns, chal-
lenges every single dividing line
between areas of study and know-
ledge ». (P.F. Drucker, The Age of
Discontinuity; guidelines to our
changing society. 1968).
In such a complex context a key issue
is therefore how to select, structure and
represent information in order to faci-
litate, rather than hinder, social inno-
vation. And in a very real sense the
ability to engender appropriate social
innovation is directly dependent upon
the innovative character of informa-
tion delivery to the user. If the user is
obliged to devote a considerable pro-
portion of his available time, energy

Response to Complexity

and resources to compensating for in-
adequacies in the nature of the infor-
mation delivered, it is much less likely
that the available information will pro-
vide a constant stimulus to innovation.
It will also be much easier for some
to adopt a strategy which denies the
possibility of innovation.

The above problems of information
delivery and the possibilities for their
solution, can be usefully discussed in
terms of the following interrelated
areas :

Kinds of information

Information is mainly collected about

a. « subjects » as distinguished in a
variety of document classification
schemes. A « subject » is a very
general concept covering a hodge-
podge of topics ranging from fields
of knowledge and skill, through areas
of experience and belief, to con-
cern with a particular region, place
or person. Classification schemes
have not attempted to distinguish
and interrelate the different kinds
of « subject » important to social
innovation. Documents on subjects
are often only classified by author.

b. « subjects » as identified in a popu-
lation census, registers of compa-
nies, employment categories, econo-
mic sectors, etc. Because of its na-
ture, such information tends to be
mainly quantitative and of necessity
mainly processed into an aggregated
form in which the individual sub-
jects cannot be either distinguished,
interrelated amongst themselves or
with subjects of a different kind.

Consider the following kinds of subject

which are not generally distinguished as

such and yet which would each appear

to be important and distinct compo-

nents of any information facility in

support of social innovation.

— problems for which innovative so-
tutions are required

— organizational units acting in some
way in response to problems

— intellectual disciplines relevant as
a body of conceptual tools to the
innovative resolution of a problem

— information sources on problems
or their solution

— legal instruments relating to parti-
cutar problems
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— human values in terms of which pro-
blems are perceived and remedial
action is undertaken

— innovative projects applicable, as
proven « blueprints » to the solu-
tion of similar problems in other
locations.

Such different kinds of information

need to be distinguished and interrela-

ted in order to clarify the options for
social innovation and resource alloca-
tion. So far this has only been systema-
tically attempted at the international le-
vel through the experimental project
resulting in the Yearbook of World

Problems and Human Potential. Simi-

lar work remains to be done nationally.

An international data bank on proven

social innovation technigues and pro-

posals does not yet exist.

Multi-purpose information system

Information relevant to social innova-
tion is used in different ways by bodies
having very different priorities and
mandates. Generally these very diffe-
rences are considered adequate justifi-
cation for the establishment of distinct
and unrelated information systems for
purposes such as:
— research on problem/programme
relationship
— education about programme
— policy-making to determine pro-
gramme
— programme management
-— public information on programme
— public participation and programme
monitoring
The separation of these systems leads
necessarily to lack of correspondence
between the information they contain
about the same problem area and
consequently aggravates dangerously
the discontinuities and delays in social
change processes and their comprehen-
sion. As Sir Robert Jackson notes in the
Capacity Study of the United Nations
Development Systems, for example:
« in short, there are now simply too
many separate, inconsistent, incom-
plete information systems relating to
some facet of development cooperation
activities. » (p. 223, vol I} and « The
mere description of the present struc-
ture for development cooperation
identifies its major shortcomings : it
is far too fragmented, and has large
areas of overlap which create major
probtems of coordination and an un-
necessary degree of bureaucratic com-
plexity » (p. 288, vol I).
The challenge is to design multi-pur-
pose systems which can filter out in-
formation of excessive complexity (or
simplicity) according to the require-
ments of the user. Such systems pro-
vide a guarantee that policy is based
. on the same information as research,
for example. They also constitute a
needed challenge to develop means of
educating people to handle complexity
rather than to deny or ignore it.

Flexible data structuring
Information on a complex dynamic

4

envircnment is of limited value if it is
collected and structured in terms of
one organization’s understanding of a
particular problem domain in relation
to a particular {short-term) programme
obligation. Much information is hand-
led in this way and cannot be adapted
to new perceptions and later program-
me requirements. Typically the con-
ceptual assumptions and simplifica-
tions about the way in which the pro-
blem complex is organized and hand-
led by particular programmes are built
into the structuring of the data (e.g. in
computer files and software). The data
is not structured to permit later inclu-
sion of alternative relationships be-
tween data elements. Typically aiso the
analysis tends to focus primarily on
the data elements in isolation rather
than on the nature of the (changing)
relationship between the elements —
which is a prime characteristics of com-
plexity. (This is one advantage of the
network-orientation on which the Year-
book of World Problems and Human
Potential has been based.) Much work
has been conducted on the theory and
design of flexible general data structu-
res for computers. Unfortunately, this
has not yet been applied to information
relevant to social innovation.

Information representation

It is one thing'to have physical access
to information on all the component
elements of a complex situation. It is
quite another to be able to represent
and display this information in a va-
riety of forms according to the pre-
ferences and abilities of the user and
his degree of tolerance of displays of
different degrees of complexity. The
conventional approach is either to deny
the complexity and to produce a sim-
plified diagram or metaphorical re-
presentation, or to accept the comple-
xity and produce a matrix-type repre-
sentation or equivalent data plot’ com-
prehensible to specialists only. The pro-
blems of representing complexity have
only been systematically studied in
relation to the layout of (airspace vehi-
cle) instrument panels. The myth per-
sists that a complex societal situation
can still be adequately portrayed to
a « cultivated generalist » on a single
sheet of paper, and anything omitted
by this degree of data reduction is of
necessity irrelevant.

A number of techniques have been
developed for representing complex
situations but these have not been ap-
plied to information directly relevant
to social innovation. Examples are
network maps, and computer inter-
active display devices capable of hand-
ling ordered structures (as opposed to
pictures or lines of text).

it is probable that without such techni-
ques, it will be unlikely that we can
penetrate the complexity of social si-
tuations and communicate whatever
insights are obtained. The consequence
is poor policy and inability to form
a consensus about key issues.

Inter-organization information systems

information systems are generally des-
igned for one organization to serve its
predefined purposes. Occasionally,
such purposes may include granting
access to other organizations whose
purpose it approves. This is a very res-
trictive and inhibiting approach to the
facilitation and catalyzation of inter-
organizational activity. This point may
best be illustrated by contrast with the
telephone network which is employed
by each user for his own purposes which
change constantly over time. Access
is not regulated in terms of the use to
which the the facility is put. As a result
the facility makes possible many dif-
ferent and unexpected contacts. No
equivalent facility to stimutate contact
between bodies relevant to social inno-
vation exists. As a result coalitions form
and break up slowly and there is con-
siderable lag in response to any emer-
ging problem situation, or alternatively
a very poor follow-up to any sponta-
neous activity. Information systems
should be designed to support inter-
organizational activity to facilitate
rapid response to new conditions.

images of Man

Social innovation is stimulated and gui-
ded by changing concepts of the nature
of man. A recent study by the Center
tor the Study of Social Policy (Stan-

" ford Research Institute) makes the

point that « Images of humankind
which are dominant in a culture are of
fundamental importance because they
underlie the ways in which the society
shapes its institutions, educates its
young, and goes about whatever it per-
ceives its business to be. Changes in
these images are of particular concern
at the present time because our indus-
trial society may be on the threshold
of a transformation as profound as that
which came to Europe when the Medie-
val Age gave-way to the rise of scien-
ce and the Industrial Revolution... ».
The concepts of man are however
themselves developed by the innova-
tions which are impiemented as René
Dubos has pointed out : « The environ-
ment men create through their wants
becomes a mirror that reflects their
civilization; more importantly it also
constitues a book in which is written the
formula of life that they communicate
to others and transmit to succeeding
generations ». More succinctly Winston
Churchill’'s peoint about buildings, that
« We shape our buildings and then our
buildings shape us » could as well be
applied to the information systems we
choose to create.

The question is what effect does the
selection of a particular information
strategy have on our changing image
of ourselves and how does this relate
to the kinds of social innovation we
consequently prefer ? Conversely, what
resistance to social innovation arises
from our reluctance to adapt to an
alternative image of man ? -]
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GATEGORIGAL STRAITJACKETS

PO : A suggestion for a de-patterning device
for international organization descriptions

The principal concern of this symposium
is to examine how well a limited number
of key terms currently employed in
international  organization discourse
convey, in different sectors and lan-
guage systems, the concepts and
meanings they supposedly represent.

A related concern, however, is whether
particular labelled categories used in
describing organizations, match in
subtiety and complexity the social
reality which they are used to order. It
is this second concern which is dis-
cussed here.

Current discussion of, and by, interna-
tional organizations makes use of
category systems like the following :

— governmental; nongovernmental

— profit; nonprofit

-— recognized; unrecognized

-— formal; informal

- national; international

-— permanent; temporary

-— supportive; unsupportive

— autonomous; dependent.

This approach polarizes attempts to
discuss and describe international
organizations so that any concepts
representing intermediate  conditions
between the extremes of each concept
pair are automatically excluded, or at
best can only be handled inadequately
with the use of neologisms which are
themselves suspect. it is the purpose of
this paper to suggest that such two-
term conceptual straight-jackets are a
direct impediment to creative thinking
about the new forms of international
social organization needed to respond
“to the increasing number and compiex-
ity of world problems. Just as it has
been said that many organizations in
existence today are memorials to old
social problems, so it could be said
that many categories in use today are
memorials to old insights into the
complexity of society.

How has this come about and what can
be done to remedy the situation ?

in answering these questions and
suggesting a solution, we shall make
extensive use of the arguments made
by Edward de Bono in a series of
books (1).

Nature of the difficulty

In dealing with our environment we
have developed to perfection, aided by
traditional logic, a method of thinking
which depends upon a thing or quality
belonging or not-belonging to some
category. Intermediate conditions are
not permissable. An organization is
either governmental or it is not. A nation
is an aggressor or it is not. A society
is democratic or it is not. Language
needs such rigid definitions. Otherwise
communication would be impossibie.
But creative thinking does not need
them, for rigid-box definitions make the
slow evolution of ideas impossible,
since an idea cannot drift in or out of a
definition but must at all times be either
inside or outside. Similarly new types of
social organization corresponding to
intermediate definitions are also incon-
ceivable. The logical YES /NO thinking
system s excellent for manipulating
information held in fixed categories; it
is not much use in the perception of
new ideas and new ways of organizing
society. The result of our YES/NO
system is that the category systems
become self-perpetuating, since they
contro! attention. Category patterns
persist even though they are no longer
the best possible arrangement of
information. The effect is cumulative.
Patterns are created, become establis-
hed and grow even more rigid. Concep-
tual patterns become reflected in
institutional organizations, legal or
administrative procedure and in educa-
tional programs which then help to
perpetuate the original patterns.

A de-patterning device

It would not be worth making the above
points unless an interesting solution
had been put forward. Edward de Bono
has done just that. He suggests that
we make use of a new word, not as a
descriptor (2) but as a means of « legi-
timately » placing a « creative » question
mark against the categories and

category-systems which have to be used
in the grammatically correct sentences
required for effective communication.
The new word is not a neologism in the
conventional sense since all neologisms
tend to be descriptors. The proposed
word would have a status similar to the
logical operators AND, NOT, OR, etc
“which are each the basis for an impor-
tant conceptual operation between
categories.

The particular world chosen by de Bono
is « PO » (3).

Use of PO

Returning to the list of term-pairs given
in an earlier section we can now illu-
strate one use of PO by placing it as
follows, between our usual organization
descriptors, for example :

— governmental po nongovernmental
—— national po international
— permanent po temporary

PO attacks the distinctions temporarily
in order to tet the information be used
in a different way. It may also be used
to indicate the arbitrariness of the
division. Sometimes it may be the whole
division that is arbitrary, at other times
the division is useful on one level but
arbitrary if carried to other levels. In
the latter case PO may seem to be
pleading for attention to what unites the
fragmenis rather than what divides
them. If so, this is a by-product. The
function of PO is only to challenge the
rigidity of the division.

These points are illustrated by de Bono
as follows. If one were to say « men PO
women », this would be the same as
saying « people » or «humanity ». |t
would, however, be very different from
saying « men and women » {(or in the
case which interests us « governmental
and nongovernmental organizations »),
since this deliberately keeps them
distinct in order to add them together,
whereas with PO the distinction itself
is questioned. Using PO suggests that
differences might not be very basic,
whereas the use of AND highlights the
separate classes as in the case of
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Seuls ne sont pas touchés les rapports
politiques, les affaires militaires, le
pétrole et les questions culturelles.

A t'examen, le détail de ces rubriques
révéle trois caractéristiques du pro-
gramme d'action qu’elles proposent.
La premiére est que partout, sauf pour
la participation de la jeunesse a lei-
fort nationai et pour la défense du mi-
lieu humain, il s’agit spécifiquement
et principalement de tdches et de char-
ges a assumer par les nations dévelop-
pées. C'est vrai méme pour des rubri-
ques qui paraitraient ne regarder que
les pays concerngs ou leurs voisins,
comme celles qui ont trait aux pro-
blemes des pays sans littoral, a I’habi-
tat, a la poussée démographique. La
deuxiéme caractéristique est que les
mesures suggérées aux pays en déve-
loppement sont par contraste expri-
mées en termes fort généraux. Enfin,
troisiéme particularité, il n'est nulle
part question de contreparties que les
pays en développement pourraient
oflrir aux nations développées.

Antagonisme des pays
en développement
ot des nations développées

Cn pourrait juger étonnant qu'un do-
cument aussi déséquilibré ait été adop-
té a Vunanimité des Nations Unies.
En fait cela ne signifie nullement qu'il
y ait eu un accord complet sur tout.
Une annexe qui a été peu diffusée par
I'ONU, mais gui fait partie intégrante
de la déclaration, contient les remar-
gues, interprétations et réserves de
pays ou de groupes de pays sur divers
points. En outre, la guestion de la
valeur juridique du texie a opposé Ven-
semble des nations développées & piu-
sieurs pays en développement. Ceux-ci
auraient voulu faire admettre que la
déclaration formait un engagement
et avait force obligatoire.
Les nations développées ont soutenu
au coniraire que P'adoption d'une ré-
solution par tes Nations Unies ne
créait pas d’obligation pour les Etats-
membres, pas méme lorsqu'ils avaient
voté affirmativement. Cette position,
qui esi traditionnelle, a été ferme-
ment réaffirmée dans ce cas parce que
seuies les puissances développées se-
raient effectivernent engageées si la
déclaration venait a étre tenue pour
contraignante, ceci en raison de la
maniére dont le texte est rédige.
Une telfle situation ne serait pas ac-
ceptable pour ces puissances, car elie
serait en contradiction avec les vues
gu'elles ont sur leurs relations avec
ies pays en développement. Les na-
~tions dévéloppées ne considerent pas,
" & I'heure actuelle, que P'ensemble de
ces rapports reléve de la « coopération
au développement ». Elles séparent
I'aide au développement du commer-
ce, des opérations financiéres et de ia
fourniture de services. La distinction
n'est cependant pas absolue et la ligne
de partage tend 2 se déplacer de temps
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a autre. Par exemple, la CEE a voulu
aider les pays en développement en
favorisant leur exportation par ‘oc-
troi des préférences tarifaires généra-
lisées. Néanmoins, ce désir de préter
scn concours ne commande pas toute
sa politigue douaniére a rPégard de
ces pays. Les préférences restent limi-
tées par des contingents et nombre de
produits, dont ceux de Fagriculture,
sont exclus afin de protéger les pro-
ducteurs de la Communauté.

Il'y a de nombreux autres cas d'em-
ploi, par les nations développées, de
moyens de politique commerciale ou
financiére comme instruments d'une
aide aux pays en développement, mais
la poursuite de cet objectif n'est jamais
dominante dans ces politiques. En
gffet, les nations développées accep-
tent qu’il est recommandable et néces-
saire d'aider les pays moins avancés,
mais elles refusent d’admetire qu’elles
devraient en conséquence renoncer
completement & vouloir des avantages
pour elies-mémes.

En fait, I'aide au déveioppement n'a
pas été congue comme un objectif en
soi. Elle est née et agrandi au hasard
des circonstances, la pratique ayant
le plus souvent precédé la théorie. Les
notions mémes de sous-développement
et de développement sont loin d’étre
claires. Quant a l'aide, on constate que
pour les puissances communistes elle
est essentiellement donnée a des fins
politiques, alors que les choses sont
moins claires chez les occidentaux.

A T'ouest, les motifs gui poussent {'opi-
nion publique et les autorités sont trés
divers. Le désir humanitaire d’amélio-
rer e sort des populations moins avan-
cées et le sentiment de culpabilité en-
vers les anciennes colonies sont des
mobiles désintéressés. D’autres objec-
tifs ne le sont guere: combatire le
communisme et les tendances révolu-
tionnaires, amadouer le nationalisme
ombrageux des pays neufs, promou-
voir les échanges commerciaux, con-
server des liens affectifs ou une com-
munauté de langue, préserver une in-
fluence et des intéréts acquis, partici-
per a Vexploitation de richesses natu-
relles, imiter d'autres pays pour ne
pas &tre distancé par eux. Le jeu de
ces motivations disparates fait que,
si on accepte que I'abondance de leurs
moyens doit conduire les nations déve-
loppées a donner plus largement, on
n‘admet pas qu’elles ne doivent rien
demander en échange. Ceci d'autant
plus qu’en fin de compte lintérét na-
tional prime toutes les autres préoccu-
pations.

Dans la pratique donc, les forces et
les aspirations en présence font que
les relations entre les nations dévelop-
pées et les pays en développement se
reglent de maniére plus complexe que
ne le voudrait la « stratégie de déve-
loppement ». Il &n résulte que les
principes  proclamés aux Nations
Unies restent en grande partie théori-
ques, tandis que les échanges et la
coopération se réglent principalement

par des accords bilatéraux soit entre
Etats, soit entre groupes de pays, com-
me c'est le cas pour les arrangements
entre la CEE et les pays africains.

Néanmoins, I'idée de ia « non-récipro-
cité » gagne du terrain. Que ce soit
dans les négociations, ou par des actes
unilatéraux en vertu de leur souve-
raineté, les pays en déveioppement
cherchent a réduire progressivement
les avantages concédés aux nations
développées. Hs veulent aussi de plus
en plus avoir fa haute-main dans la
détermination de la nature et du volu-
me des apports de lewrs partenaires
développés. Leurs objectifs sont « I'in-
dépendance économique » et «la
souveraineté permanente sur les res-
sources naturelles », c'est-a-dire quils
aspirent a déterminer leur avenir en
raison de leurs seules ambitions natio-
nales, sans beaucoup se préoccuper des
régles établies, ni méme des engage-
ments qu'ils pourraient avoir pris.

L’avenir ?

La crise suscitée par les politigues nou-
vetles des producteurs de pétrole va
provoquer des transformations pro-
fondes, non seulement des rapports
entre Etats. mais encore des écono-
mies et peut-étre des structures socia-
les. A P'heure actuelle tout est incer-
tain et on ne peut guere faire de pré-
visions fondées. On peul toutefois
craindre que pendant un certain temps
le nationalisme économigue ne s'exa-
cerbe, surtout parmi les pays en dé-
veloppement.

Doit-on espérer qu'un revirement se
produira par la suite ?

Peut-étre, a condition que les puissan-
ces développées, la CEE en particu-
lier, parviennent a refaire feurs con-
ceptions du progrés économique st
social, afin de pouvoir offrir au tiers
monde des termes d’échange et des
modes de collaboration nouveaux. Ces
propositions devraient montrer claire-
ment le désir de donner aux relations
avec les pays en développement une
importance égale & celle qui est atta-
chée aux rapports enire les nations
industrialisées. |l faudrait aussi qu’ap-
paraisse, sans que le doute soit possi-
ble, la volonté des nations développées
d’ajuster leurs objectifs économiques
et sociaux, de maniére a mettre au ser-
vice du tiers monde une part plus
grande de leurs forces de production
et de leur capacité d’invention et d’in-
novation.

Les pays en déveioppement pourraient
alors étre amenés a reconnaitre gu’ils
ont intérét au maintien de la vitalité
et de la production des puissances dé-
veloppées. lls verraient que ce nest
pas gaspiller leur substance que de pro-
duire et de livrer les matieres de base
indispensables a cette fin. L'interdépen-
dance leur paraitrait enfin une véri-
table solidarité entre les peuples et
non un assujettissement qui permet
aux plus foris de dépouilier les plus
faibles.



- whites and non-whites ». « Govern-
ment PO poople » would focus attention
on whether there was any common
interest between the two. PO is never a
judgement, it is a device for legitimately
challenging divisions within a frame of
discourse to see whether any more
complex or more useful notions emerge.
PO is especially useful in bringing
together those opposite  extremes
which are created by one another. In
the search for more adequate concepts
and forms of social organization, this is
exactly what is required. It could be
argued that the open society towards
which we would like to move would be
made up of organizations and organiza-
tion networks with the fotlowing cha-
racteristics :

— governmental po nongovernmental
— permanent po temporary

-— formal po informat

— recognized po unrecognized

-— autonomous po dependent.

One does not want to lose the distinct-
ness of each extreme, but to keep it
and still show that an organizational
system can be bolh of these things at
once. |t is the division and separateness
{« the apartheid ») that is attacked by
PO, and not the nature of the two
qualities.

Interrelationship of diverse
forms of organization

PO could also be used to question
creatively the conceptual barriers which
are imposed between a wide variety of
forms of social organization. In each
society many forms of organization
flourish. In a given society, however,
some may be more prevalent than
others. It is most important to note that
different forms of organization can
substitute for one another. So that in
one society a particular function may
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be mainly performed by A-type forms of
organization, whereas in another the
same functions may be mainly perfor-
med by B-type and C-type torms.

In the diagram (below), the centrai
core represents the conventional, « per-
manent », highly-visible organizations
with which everyone is familiar. The
sectors around it represent a selection
of different forms of organization
which may substitute for some conven-
tional organizations under certain cir-
cumstances. in each sector an attempt
has been made to indicate some speci-
fic types of substitute organization,
many of which have well-established
names (neologisms are shown in paren-
theses) (*}.

One example of how a need satisfied
by a conventional organization may be
satisfied by a functional equivalent in
the table is the case of a « subscrip-
tionship ». In one setting it may be
necessary to have interaction between
members via an « organization », while

organizations

Conventonai

permanent  organizations

Diagram illustrating the various additional categories of organization which are important to the functioning of the

social system and which may substitute for one another or for conventional organizations.

L 4
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in another the need for such interaction
may be satisfied by a journal to which
individuals can subscribe. Another
example is the case of an « agreement »
which may be considered an hyper-
formal organization. In one setting a
written or even verbal agreement may
satisfactorily regulate relations between
members, in another an equivalent
agreement may have to be administered
by a secretariat via an organization.
Where formal agreement is not possible,
an « organization » may even perform
the necessary mediating or negotiating
functions between its members. A final
example is the case of a meeting, and
particularly farge regular meetings, in a
series. In terms of activity, this may be
more significant than a small normally
censtituted organization. ,

One consequence of focusing on con-
ventional organizations only is that
functional equivalents, particularly in
non-Western cultures, are excluded
from the analysis, thus introducing
cultural bias and jeopardizing compara-
tive studies. Another consequence is
that even within a certain culture an
« organizational analysis » will exclude
many styles of organization performing

functions which mesh with those of
the organizations we are trying to
isolate for closer scrutiny, thus render-
ing the analysis incomplete. A compli-
cating feature is that a conventional
organization may, for example, perform
functions for a « membership », but at
the same time produce a periodical
which serves as a focal point for a
« subscribership » which is not identicat
nor coterminous with the membership.
A further complicating feature derives
from the dynamics of a social system
in that the growth or decay of a parti-
cular organization form may be accom-
panied by transference of functions to
another organization form, for instance
due to change in technology. The
ability to accomplish this transference
may be hindered by inertial features,
such as vested interests identified
with particular patterns of organization.
Because we are trapped within our
categorical straightjackets we are
unable to appreciate fully the complex
and subtle ways in which the various
forms of organization share and switch
the burden of particular social functions
between them. Proposals for social
change therefore tend to be based on a

rather myopic vision of the functions
currently performed by a limited number
of conventional organizations, rather
than on a panoramic view of the rich
and complex organizational ecosystem
in which many species flourish and
interact. Perhaps discussion of the
need for PO-can help us to ¢ »mpiexify
our conceptual systems. 1

(1) Edward de Bono. The Use of Lateral Think-
ing, London, 1967. The Mechanism of Mind;
London, 1969; Lateral Thinking; & textbook of
creativity, London, 1970; Po, beyond YES and
NO, London, 1972.

{2) Except to describe the suggested de-patler-
ning device tself, -when it may be used as
noun, adjective or adverb.

(3) This could be considered as an abbreviation
of Possible, but de Bono does not mention
this, probably because he wants PO to be free
from associations.

(*} This section and in particutar the foliowing

paragraphs have been adapted from: A.JN.
Judge and Kjell Skjelsbaek. Transnational
associations and their functions. In: AJ.R.

Groom and Paul Taylor (Ed). Functicnalism;
theory and practice in internalional relations.
London, University of London Press, 1874
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THE FUTURE OF COMPREHENSION

-- conceptual birdcages and functional basket-weaving (*)

Abstract : The existing range of conceptual,
organizational, information and other struc-
tures have demonstrated their inability to
generate effective remedies to the current
deteriorating condition of sociely. Risks can
therefore be usefully taken in directing at-
tention, beyond the simplistic modes of com-
prehension which facilitate such failure, tow-
ards the range of comprehensible patterns
which offer new modes of conceptual and
group organization to harness the vast re-
sources of unutilized human potential. The
nature and operational design of the asso-
ciated «conceptual gearboxes» is con-
sidered in the light of R Buckminster Fuller's
work on synergetics and concept «pack-
ing ». The necessarily spherical nested patt-
erns between which flexible transformations
are required (« changing gear ») act as the
attention focusing containers (« birdcages »)
basic to appropriate synthesis and synergy.
An equivalent « woven » pattern of counter-
balancing functional elements is required for
the « tensegrity organizations » then possi-
ble.

The patterns discussed are direct chal-
lenges to individual and collective compre-
hension. For them to be communicable and
collectively memorable as stable patterns, it
seems necessary to employ symbol sets at
least partly energized by the unconscious.
Using traditional sets could bypass valid lo-
cal resistance to the alienating artificial
category schemes of global thinking.

introduction

This paper is a direct response to the con-
ference theme : « Thinking globally : act-
ing locally », it takes for granted the mul-
tiplicity and complex interrelatedness of
the current problems of society, whether
global or local (1). The inability of the in-
creasingly large number of organiza-
tions (2) to contain their problems will
also not be examined. This is confirmed by
the track record of organizations, whether
governmental or otherwise, acting singly,
in groups, or as networks — and their dec-
reasing credibility, despite occasional ap-
parent successes (3). Aside from the in-
ability to initiate effective collective ac-
tion, the associated failure in providing an

{*) Paper written on the occasion of the First Global
Conference on the Future, Toronto, 1980. (Theme :
Thinking Globally/Acting Locally}

information systern matching the com-
plexity of the problem and organization
networks will also be considered as con-
textual to this paper (4}, as will the lack of
consensus on values (5).

As Margaret Mead is reported to have
declared on a memorable occasion « We
know all we need to know », The problem
is that « we » do not know how to fit it to-
gether into a meaningfully communicable
pattern which could catalyze appropriate
action. In fact there is no «we » with a
shared awareness permitting coherent
action (3). But as is noted on the cover of
« The (Updated) Last Whole Earth Cata-
log » {(1974) : « We can't put it together; it
is together ».

So therefore we could usefuily focus at-
tention on our difficulty in seeing things as
parts of a whole. Or, maybe at one level of
our awareness we do see the whole, but

we are unable to re-member or communi-

cate this experience {as will be explored
below). Or, maybe we each see it individ-
ually, but are unable to match our percep-
tions. In any case the consequence is that
the more society increases in complexity
(whether « really » or only « apparently »),
the more we can only act by focusing on
simpler issues for a shorter time span.

Beyond the 1st order, reactive responses,
there have been a variety of « higher or-
der » responses to this situation which
can be grouped as follows (6) :

- 2nd order : interdisciplinarity, world mo-
delling, situation rooms, information
systems, etc.

— 3rd order: think-tank networks, ne-
tworks of the wise, information ne-
tworks, action networks, etc.

None of these can be said to be offering
any possibility of breakthrough as the
reality of the arms race would seem to
confirm. At best they enable us to just
scrape through the existing crises. At
worst they create the illusion that they
would be adequate to any (provided of
course that the appropriate funds were
forthcoming and everyone could be mar-
shalled into desired patterns of behav-
iour).

Is it not time we explored beyond such
self-perpetuating myths and lusions ?

Our act is falling apart and the diversity of
views on how it can be got together is

symptomatic of our condition. It is no long-
er a case of « You either have to be part of
the solution, or you’re going to be part of
the problem » (Eldridge Cleaver), but ra-
ther « If you do not understand how you
are part of the problem, you cannot under-
stand the nature of the solution re-
quired ».

Uni-modal traps

What might be a « point of entry » into this
complex situation :

- more research/analysis ?

— more surveys/data ?

destruction of existing structures ?

- more communication {technology) ?

— more public sensitization campaigns ?
— allocation of more resources ?

— more appropriate education ?

— more consciousness raising ?

~ « basics first » ?

These, and others, are favoured modes
whose track records merely show suc-
cess bought at the cost of insensitivity to
probiems in domains which they are hap-
py to ignore. Enthusiasts of one mode
cannot legitimate within it the allocation of
attention to other modes. At best they can
tolerate it.

Why are we trapped by this limitation ?
How can we move beyond our uni-modal
approach ? Why has « interdisciplinarity »
never got off the ground ? Bearing in mind
the dangers of a uni-modal approach. 1 be-
lieve that it is time that we switched some
attention :

— from our (vain) efforts to patch things
together with various conceptual, or-
ganizational, legal, communication, or
other devices, each conceived by its re-
source-hungry advocates to be the pri-
ority.

- to the implications of the process we in-
dividually or collectively engage in
when we effectively «cut-up » a con-
ceptual or functional « cake » by distin-
guishing priorities in the creative deci-
sion which then determine subsequent
actions, their organization, and how
they are conceived as being interrelat-
ed.

Beyond the uni-modal

As an indication, consider briefly the fol-
lowing range of decision processes (7,8) :



- Uni-modal : focus on the problem, the
value, the method, the objective - vital
as a process which both establishes the
viability and coherence of concern and
encompasses whatever is relevant to it.

- Bi-modal: polarized perspective:
we/they, right/wrong, superior/inferior
- vital as a process which delimits prob-
lems or perspectives, and in so doing
energizes the relationship and engen-
ders the motivation and force to act (ty-
pical of pro/con arguments in legal,
scholarly or parliamentary debate).

Tri-modal : mediated perspective (e.g.
workers/management/arbitrators)

which balances the relationship be-
tween two foci of concern ~ vital as a
means of channelling the energies re-
leased at the bi-modal level, and benef-
itting from their complementarity.

- 4-mode : counteracting activities con-
structively stabilized into a minimal sys-
tem by cross-balancing polarities - vital
as providing a stable action pattern
which can be built with, or upon. (This
is typical of the conceptual balance in
the minimal 2 x 2 matrix, which can also
be represented by a tetrahedron (5) ).

- etc.

Philosophers and others have repeatedly

remarked that we have problems in mov-

ing beyond three (7). Yet from the limited
amount of investigation of these and high-
er modes {reviewed in 7, and partly docu-
mented in 8), it was for example tentative-~
ly indicated that current concerns such
as resource renewal, organizational sys-
tems, worker individuality and personal
development, environmental processes,
and social innovation and creativity, call
for 8, 7, 8, 9, and 10-mode thinking re-
spectively (7, note 71).

Conceptual gearboxes

Future investigation will clarify the above
possibilities, but it would seem to be
worthwhile considering the nature of the
« conceptual gearbox » which we seem to
have at our disposal. We can see that cer-
tain « gears » would be necessary under
certain conditions ~ whether acting indi-
vidually or collectively. (For example, the
« first » gear would seem to be necessary
to start any process). And maybe many of
our troubles come because our individual
or coliective engines are being « revved »
above the r.p.m. which the favoured first
and second gears can handle. Maybe we
are going too fast and do not know how to
get into the appropriate conceptual gear.

1t is of course true that it is possible to
drive anywhere in first or second gear, but
this would so slow the traffic that we
would have jams everywhere and waste
energy — which, metaphorically speaking,
is exactly what we have in society. So how
can we « shift » into higher gears — espe-
cially since the transmission is far from
being as automatic as we would like to as-
sume ? And, having shifted « up », can we
be sure we can shift « down » whenever
appropriate ?

But the « gearbox » as a metaphor is one-
thing, designing something of operational
significance is quite another — and it is
highly probable that one modelled on the
principle of revolving circular gear wheels
would be inadequate.

Suppose however that we switch from the
2-dimenstional circle as the traditional
model of a whole (Venn diagrams, manda-
la, etc.) to a 3-dimensional sphere - an in-
tuitively acceptable step (« One Earth »,
« Whole Earth », etc.), whatever the com-
plications it makes evident. So instead of
talking about cutting up a 2-D circular
« cake » into sub-category portions, we
now want to explore the parts into which
a sphere can be meaningfully fragmented,
or through which it can be reconstituted,
or through which it can be seen as a pre-
existent whole.

Now the « omnidirectional spheric experi-
ence » has been R. Buckminster Fuller's
area of creative inspiration in Synerget-
ics (9), a work whose significance re-
mains to be fully appreciated. | am inter-
ested in how one can adapt his insights to
the context outlined above. It is basic to
Fuller's argument that :

a) all systems are (modelled by) polyhed-
ra of which the more significant are re-
gular, symmetric, and approximations
to a sphere.

b) polyhedra cannot be constructed in 3
dimensions unless all faces are trian-
gulated - since the alternative of rigid
jointing has inherent material limita-
tions.

c) richer structural patterns of greater
economy and elegance are achieved
by rendering explicit the patterns of
compression and tension and ensuring
that they are self-balancing.

d) threshold values of the number of
structural elements must be reached
before new structural patterns can
emerge.

It is my belief that despite the apparent
« material design » orientation, Fuller's
explorations indicate a fruitful path with
fairly immediate payoffs for organization
and concept structure design which, as
such, are therefore of only borderline in-
terest to those primarily associated with
his school of thinking. (But if « domes blow
peoples minds », what might « tensegrity
organizations » do ?)

The point is that :

- on the one hand, he offers a range of
non-hierachical patterns melding togeth-
er « system» and « network » with ex-
tremely valuable indications as to how the
patterns are related one to the other,
namely the transformation pathways be-
tween them; and

- on the other hand, we are faced within
ourselves individually, or as distinct
groups, with a jumble of partially struc-
tured preoccupations which we have
vainly tried to energize as « systems » (for
the establishment-oriented) or «ne-
tworks » (in the case of the alternatively-

oriented), and with only the possibility of
portraying them as alienating flat system
charts or operationally useless « networ-
ky symbols ».

But what is the link between Fuller's « ab-
stract » patterns and such «real, down-
to-earth » preoccupational jumbles ? For
without the link we are still far from a prac-
tical design for the « gearbox ». A clue fies
in the famous small-group communication
net experiments on which sociologists
(starting with Bavelas in 1948) and their
students have spent thousands of hours
of research time. Conventional organiza-
tion theory is based on the mind-set azso-
ciated with these investigations, and
yet (10) :

- they have only focused on groups of 3 to
5 persons, whereas Fuller shows that
the threshold for 3-dimensional patt-
erns is 6 elements, or preferably 12 or
30 for more significant patterns.

- they have only worked in terms of 2-di-
mensional structures (triangle, square,
star, etc.) whereas Fuiler shows that it
is only when several of these are com-
bined that 3-dimensional structures
emerge {of which the minimum system
is the tetrahedron, i.e. 4 triangles).

- they have rarely considered distinctions
between elements (e.g. role differentia-
tion) when it is precisely the « compres-
sion » or « tension » between distinct
functions which ensures the integrity of
3-dimensional structures.

Functional basketweaving

it would seem that these experiments
have concealed the possibility of a break-
through into a new kind of organization -
whether of individuatls, groups, or of con-
cepts (11). The (bi-modal) fashionable re-
jection of «systems » in favour of «ne-
tworks » has not led to the hoped for
breakthroughs - but, by interrelating the
two (i.e. a tri-modal approach) on the ba-
sis of selfbalancing, de-centralized, non-
hierarchical patterns, a whole new field
opens up. We cannot develop further
through networks, currently characterized
by « flabbiness » - we need « tensed ne-
tworks » (12) to counter the many «ne-
tworking diseases » (13). Fuller shows us
the possibilities for viable patterns.

So now we have an indication of the de-
sign possibilities for a particular spherical
« gear ». What we need to know more
about is the degree of functional (or role)
differentiation associated with a particular
pattern. How many distinct functions or
roles of what kind are required, or are like-
ly to emerge ? A viable pattern of func-
tions bears a strong resemblance to a vi-
able basketweave pattern with its coun-
ter-balancing properties integral to the
structure ~ hence the notion of « function-
al basket-weaving » (14)

But despite the possible attractiveness of
any particular pattern, we would lose all
the advantages of the « gearbox » flexib-
ility if we allowed ourselves to be mesmer-
ized by its properties. it would seem that



the < gearbox » consists of spherical bas-
ket patterns nested one within the other
and capable of « moving » independently
of each other An elegant model of this is
the traditional Chinese set of ivory spher-
ical shells nested within one ancther (de-
coratively carved from a single ivory ball).
Fuller has explored some transformation
pathways which are what is required to
« change gear » between spherical shells
or patterns. Another helpful analogy is the
ability of an American football team to
switch between plays, each play being
denoted by a number. What we need are
non-hierarchical organizations capable of
changing their fundamental operational
pattern according to circumstances, ra-
ther than organizations stuck in a, usually
hierarchical, pattern which can only be
modified superficially, if at ali.

Conceptual birdcages

We have plungad into the futute of com-
prehension in terms of the new functional
patterns for which there seems to be a
desperate need. But this action-oriented
approach must necessarily be comple-
mented and sustained by a matching con-
ceptual (or consciousness) development.
And this in turn should be reflected in the
organization of information systems (or
personal thought patterns, for that mat-
ter).




1.

In both cases what must be borne in mind
15 the significance of the transition beyond
the 2-dimensional representation of or-
ganizations (charts) or intormation sys-
tems (thesaurt and list structures). It is
this vital de-centralizing step into the third
dimension which provides an « energy re-
ceptacle » appropriate to the complexity
with which we are faced. Only by achiev-
ing this transition is the much needed syn-
ergy to be forthcoming.

Hence the term « conceptual birdcages »
- only by interweaving concepts in a spe-
cial kind of non-linear way can we con-
struct an environment which is habitable.
fit is not habitable the « bird » will escape
or die (remember the canary used by coal
miners), and any dependence on a taxid-
ermist to portray a semblance of life mere-
ly becomes one symptom of the underiy-
ing problem. The essential living quality,
symbolized here by the bird, cannot be
- captured alive » by the gross concepts
50 widely employed to devitalize the activ-
ititis of others - although, typically, in us-
ing them we are seldom able to apply
them consistently to ourselves.

This living quality is alienated (crushed, or
torn apart) by the flat matrix structures by
which we attempt to organize our percep-
tions of the world and our actions ther-
ein (5). They do not provide the funda-
mentally significant «curvature » to
bound the necessary emptiness of an ap-
propriate « container » (7, 11) — even one
to contain the flutterings of our directed
attention for any length of time. And the
mystics would suggest that we misunder-
stand the problem by inverting it (15). For
them, it is not a question of providing a
framework to keep the « bird » where we
want it. Rather it is a question of designing
a conceptual « cage » which will enable
us to relate to the integritty of the living
quality it enables us to perceive wherever
we then direct our attention. The « cage »
should then function as a kind of « aerial »
for a perception of life grounded in the
world of practical operational considera-
tions. Any such grounding should not be
disdained, since it is presumably the « life
force » (whatever that may mean) which is
the ultimate driving force of our society
and life on this planet.

Further clarification of the complementar-
ity between the « bloodless categories »
and the livingness they endeavour to em-
compass, could prove fruitful. But even
without it, it would appear that from inves-
tigating the design of such « birdcages »
could emerge the kind of conceptual syn-
ergy which has been vainly soughtin « in-
terdisciplinarity », and which is essential
10 the file designs of the information sys-
tems we now need for a complex living so-
ciety (10).

To return to.the gearbox metaphor, it is
not a single cage-weave pattern which is
adequate to maintain our relationship to
the flow and immediacy of the livingness
to which we could respond. We need to be
able to transfer between patterns, as ap-
propriate, without destroying the connec-
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tedness and continuity of awareness
which is the vital under-pinning of synergy
and synthesis. Again it is Fuller’s indica-
tions which are valuable, and these may
be adapted to the three kinds of transfor-
mation we meet :

- in response to cyclic or accidental
changes in the environment (operation-
al changes)

- through growth according to a particu-
lar pattern (or set of patterns)

- through evolution into a new pattern (or
set of patterns).

The « Comprehension barrier »

It is strange that the problem of compre-
hension is seldom considered as basic to
whatever quantum change is required to
move society into a more successful
mode. What we have is various slites
maintaining their beliefs in the priority va-
lue of their respective mind-sets and the
conviction that « others » need to be edu-
cated, propagandized, or even brain-
washed, into that viewpoint — and then
« all willbe well » in their brave new world.
This uses bi-modal thinking to ensure, by
eliminating variety, a world characterized
by uni-modal thinking. And yet is it not the
generation of variety which exemplifies
humanity and constitutes the ultimate
challenge to comprehension ? But the
more different things and processes are,
the more difficult it is to comprehend both
their interrelatedness and the need to en-
sure the viability of niches within which
« gpecies » can evolve without becoming
victims of their particular weakness or
strength.

Part of the optimism associated with the
ongoing evolution of mass communication
technology is due to the belief in the in-
creasing power of choice which will be
offered to the individual — especiatly in the
case of sophisticated devices such as
computer conferencing. This avoids the
problem of the exponential increase in
available information and the fact that
man remains a slave to the linearity of in-
formation input and output (even as a
speed reader). Given such constraints, it
would be more beneficial to see the fore-
seeable future as effectively engendering
increasing ignorance — daily each of us is
effectively ignorant of more and more (to
the extent that it is now appropriate to in-
vestigate creatively whether «ignor-
ance » has any characteristics to enable it
to de used as a social resource - one of
the very few which is increasing). Com-
prehending what to request is the more
fundamental problem, not the process of
retrieval from any information system, nor
comprenhending the response (4). The
systems envisaged do not penetrate my
comprehension barrier to the « better »
questions | «should » be asking. They
merely respond to the questions | can now
formulate, thus reinforcing my contextual
ignorance and the fragmentation of my
awareness.

Current optimism also happily ignores the
memorability of knowledge in the expec-
tation that anything forgotten can be re-
trieved ~ but what if the pattern which
made the item significant is itself forgot-
ten ? Where and how are such patterns to
be stored and how are they to be ordered
for comprehension ?

Ultimately this is a question of « concept
packing » which presumably is closely re-
lated to Fuller’s concern with closest-
packing and the symmetry effects to
which it can give rise under the most ec-
onomic packing configurations (7).

It is these symmetry effects, emerging
from the patterned juxtaposition of ele-
ments, which ensure memory reinforce-
ment and ultimately the synergistic pro-
perties of the pattern. This relates back to
the considerations of the «conceptual
birdcages » of the previous section, which
must necessarily be of optimum memora-
bility. The comprehension barrier is then
associated with the (in)ability to transfer
between nested patterns, particularly into
the more complex.

It is ironic, in the light of the « knowledge
explosion », that a central force of the
mass communications industry, namely
advertising, has as an axiom that only one
message at a time about a product should
be fired at the target audience. Consider-
able ingenuity is devoted to compacting
the essence of a concept into a simple
communicable form. Such is the « com-
pacting pressure » and the need to ener-
gize the concepts in the eyes of the target
receiver, that it is this industry of the « su-
perficial » which relies most on the esoter-
ic fundamentals of symbolism.

The challenge for the individual is not to
depend upon being « hit » by appropriate
uni-modal messages, but rather to find a
means of grasping semi-permanently,
within memory, multi-element configura-
tions characterized by high variety and
complex relationship patterns. Abstract
coding schemes are inadequate because,
as those skilled in mnemotechnigues
have shown, they leave little with which
the necessary imaginative power can
work (16). Hence the importance of sym-
bols whose energy is constantly renewed
by the unconscious. The challenge is then
to find sets of such symbols which can be
used to encode complex relationship patt-
erns (7,8). Even more desirable are sym-
bol patterns in nested layers, or with lay-
ers of significance, between which the
possible transformation pathways are
themselves encoded.

Pathology of collective memory

Whilst individual memory skills may be
considered unimportant, there is the
strong possibility that we are witnessing
the rapid erosion of collective memory
skilts through dependence on information
systems which reinforce uni-modal think-
ing. In these terms, it is possible that the
« learning capacity of nations » is effec-



tively decreasing (17). The more compiex
the pattern we need to comprehend in re-
sponse to social conditions, the more dif-
ficult it is to make it communicable. if the
pattern cannot be collectively compre-
hended, then we cannot use it as a basis
for new patterns of collective organization
and, in terms of Ashby’s Law, we must
then necessarily fail. What memorable
sets of symbols do cultures share, if any ?

Is their encoding power being eroded, and
with what other diseases of collective
memory is this associated ? (Is it perhaps
not a form of dysiexia which prevents us
from collectively comprehending the
« writing on the wall » ?) Can new symbol
sets be generated with the required char-
acteristics ?

Conclusion

Things are not going well. There are few-
signs of cumulative improvement, and
there are few signs of widespread aware-
ness of the gravity of the situation. And
there are even fewer indications as to how
we might usefully act in future, given the
track records of conventional approaches.
Collectively we accept childish risks
(arms race, etc.) and fall to consider the
nature and necessity of the risks of matu-
rity. We hope naively for rejuvenation in a
unconstrained « eternal sumpmer time»,
and fail to recognize the ecological signi-
ficance of death and « winter » as pro-
cesses (5). Our collective comprehension
is in total disarray as a guide to local ac-
tion. There is a « flat earth » quality to our
thinking aboul specialized functions in
« giobal » society — we have yet to render
communicable its «functional round-
ness » and all that follows from that in
terms of communication and map-mak-
ing (1,3). Conceptually, we should be
moving out of the Age of the wheel, into
the Age of the Sphere, (*)

« Global thinking » today resulis in a line-
ar list of action priorities (e.g. a develop-
ment strategy) with little collective com-
prehension as to how such projects ought
to be interrelated or the consequences for
organization and information systems de-
sign. {lronically, « global thinking » could
be interpreted in French as meaning
« wholistic thinking »). We do not know
how to represent and comprehend the
complex patterns we need to communi-
cate. Consequently « local action » stimu-
lated by « global thinking » suffers from
the simplistic defects of the latter and is
hindered, rather than assisted, in the se-
arch for viable new patterns of action, Glo-
bal thinking blocks local action by the de-
vitalizing ersatz category patterns which

{*) Beyonda non-contectual focus on projects (projec-
tiles, objects, subjects, rejects etc.) into an aware-
ness that for every « plus-ject » a counterbalancing
« minus-ject » necessarily emerges to maintain the
integrity of the non-dualistic whole within which we
are embedded

are employed — to which the vitality of in-
itiative and risk taking are most vulner-
able.

This paper suggests that breakthroughs
to new modes are possible if we recognize
that the barriers are those to the compre-
hension of increasingly compiex patterns.
Families of inter-transformable patterns,
useful as conceptual « containers », can
be indicated. The succession of compre-
hension barriers that stand as an individ-
ual and collective challenge to us can be-
gin to be indicated.

And, by using appropriate symbol sets,
they and the possible transformation
pathways could be encoded in a memor-
able, communicable form. Such sets could
stimulate « local action » initiatives, espe-
cially if traditional local symbois can be
harnessed as vehicles for memory. They
could provide a sense of how to shift into
an appropriately « higher » or «lower »
conceptuai gear to mesh with wider con-
texts. And, above all, they could catalyze
the local emergence of organization patt-
erns appropriate to the vast unutilized hu-
man potential at the grass-roots level. A
major possibility is that such patterns
could facilitate risk-taking initiatives by
unemployed individuals —~ especially the
young - to form themselves into new kinds
of organization and thus create empioy-
ment for themseives,

Man, in his expressions and behaviour,
uses a partially ordered lattice of comple-
mentary descriptive languages (18). This
was first pointed out in connection with
the context-sensitive logic of quantum
mechanics (19). It may prove to be the
case that the nested patterns discussed
here are each isomorphic representations
of a particular lattice of sub-linguistic sys-
tems which could characterize a particu-
lar pattern of functionaily differentiated or-
ganization. Perhaps it is no coincidence
that these perceptions have proved rele-
vant to studies of the most successful
communication vehicle (at least time-
wise), namely the 4000-year-old Hindu
songs of the Rg Veda, whose organization
and symbolism seem to model the com-
prehension problem we face (8) : « When
language is grounded on a tone system,
as in the Rg Veda, then the immediate re-
sult is a plurality of systems; that is a lan-
guage which we can oniy speak through
sub-linguistic systems... Language, in the
above sense, is only {0 be reached as a
viewpoint gained through the activity of
contrasting perspectives... Rg Vedic
man... cherished the multitude of possibil-
ities open to him too much to freeze him-
self into one dogmatic posture... Any per-
spective (tone) must be « sacrificed » fora
new one to come into being; the song is a
radicat activity which requires innovation
while maintaining continuity, and the
« world » is the creation of the singer, who
shares its dimensions with the song...
Man is at the centre of his own activity,
creating and recreating himself in relation
to how efficiently he climbs or descends
the contextual multiplicity within which he

T,

constantly operates... In a language ruted
by the criteria of sound, perspectives, the
change of perspectives and vision, stand
for what musicologists cail « modula-
tion ». (18, p 31, 57, 182, 187, 192).

Maybe «we » should be thinking less

‘about how an action button (including the

button) gets pushed, and more in terms of
the kinds of patterns which can guide the
use of modulating buttons on a musical
synthesizer. Such patterns are readily ac-
cessible to comprenhension, unlike patt-
erns developed linearly in papers of this
kind.
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THE TERRITORY CONSTRUED AS A MAP

Introduction

This paper explores the possibility of a
new approach to the representation of
any complete ranges of human activity or
concern. The justification for doing so has
been discussed elsewhere (1, 2, 3). The
intention is to provide a much improved
overview of their degree of relationship
and a feel for the dynamics between them.
A -particular concern is to reflect ade-
quately the degree of lack of relationship,
indifference, mutual irrelevance, or distor-
tion of perspective characteristic between
those active in such different fields.
The tentative nature of these investiga-
tions must be stressed. At this time it ap-
pears that three distinct approaches must
be clarified. Then, by interrelating them
and allowing each to modify the interpre-
tations to which the others give rise, a ba-
sis for the new representation sought
emerges.

The prime concern here is not one of logic
or rigour since, to the extent that these
have been called for, they have been uti-
lized in more conventional responses to
the problem (e.g. classification schemes,
general system theories, world models,
etc.). Rather the concern is o provide a
convenient, comprehensible representa-
fion — capable of embodying all the detail
and precision required — which will pro-
voke reflexion, discussion at many levels,
and feedback on the perceived relation-
ships between the fields represented. The
concern is to create a communication tool
to fulfil a need not met by conventional ex-
planations, information frameworks and
systems. Given that the conventional ap-
proaches are unable to provoke their us-
ers into formulating better (as opposed to
more precise) questions, the tool sought
should enable users to formulate those
qguestions for which they did not know that
they needed the answers.

The three approaches are examined se-
parately in Parts 1 to 3 below. In Part 4
their interrelationship is explored.

Part 1 : Ordering distinctions

In this approach the point of departure is
the concept of a complete range of human
activity or concern, namely a totality which
is divided up by making distinctions,
whether in a series or nested. Aspects of
this question have been expiored else-

1"y Prepared in connection with the Forms of
Presentation Sub-project of the Goals,
Processes and indicators of Development
Project of the United Nations University.

— in search of radical design innovations
in the representation of human activi-
ties and their relationships (*).

where (1), especially the relationship of
the act of distinguishing to cognition.
Two much used representations of such
breakdowns are the list and the matrix.
(a) List: Alist does notorder the relation-
ships between its elements except in
relation to nested sub-lists or in the
case of a list in series form. This does
not imply that such relationships are
lacking, merely that they cannot be
reflected in the list form. Note that a
list is in fact a series of « points », but
it is not necessary to conceive of it as
such. The points could be represent-
ed as areas on a surface. lt is only in
the matrix that the manner in which
the total area is cut up becomes expli-
cit.

Matrix : The cells of a matrix may be
thought of as sub-areas of the area
representing the totality which the
matrix attempts to reflect. The sub-ar-
eas are of course positioned with re-
spect to column and row communali-
ties. It is now interesting to ask why
the area is bounded in such a limiting
manner. For the rectangular/square
form is one of the simplest. It provides
a (paned) «window » through which
the totality may be perceived. But it
raises questions about the « wall » in
which the window is set and the posi-
tion of the observer in relation to the
observed on the other side of the win-
dow.

Now to the extent that the matrix is
complete in its coverage, there really
should not be any « wall ». The matrix
should in such cases in effect « wrap
around » the observer; all is window
and nothing is implict, unexplicated or
excluded. If this is not so then the wall
should be conceived as wrapping
around the observer, possibly with
other windows corresponding to other
partial views of the external totality to
which the observer may turn his at-
tention.

From this point of view the conven-
tional two dimensional matrix raises
the question of the conceptual signifi-
cance of crossing the encompassing
boundary. It is irrational and unmea-
ningful because the « wall » is unre-
cognized. There is aimost a flavour of
danger of « failing over the edge » as
sailors feared with the early «flat
earth » models (quaintly conceived in
the East as supported on the back of
a primordial elephant or tortoise).

If it is assumed that the matrix is com-
plete, then it should be possible to re-
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present it without such an arbitrary
external boundary. If the external
boundary is eliminated then the ma-
trix takes the form of a closed surface
(wrapped around the observer). By
what procedure can a two-dimension-
al matrix be so modified and to what
does it give rise ?
Consider a 2-by-2 matrix. The sim-
plest symmetrical figure which retains
the same number of areas is the te-
trahedron. It provides four «win-
dows » on the external universe for
any observer positioned within.
The continuity of surface area of the three
dimensional figure emphasizes any func-
tional continuity between the aspects as-
sociated with the individual sub-areas or
facets (the «panes »). But at the same
time it drawn attention to the discontinu-
ities between the areas associated with
the edges. They are not smooth trans-
itions but are marked by sharp angles. It
may then be asked (if reality is continuous
in contrast to our conceptions thereof)
whether such a representation suggests
others which would reflect a lesser degree
of discontinuity between aspects. And in-
deed there are, for the greater the number
of symmetrically disposed surface areas
(« panes »), the larger the angle between
adjacent areas and the closer the approx-
imation to a continuous surface, namely a
spheroid.
However, the greater the number of dis-
tinct areas (whatever they signify), the
more difficult it is to comprehend the total-
ity with any precision. The patterning of
the surface area may be readily scanned
but it is only through the « distorted dis-
continuities » of the most unspherical
figures that it may be grasped to any de-
gree.
A compromise may be considered how-
ever. Even a tetrahedron may be projected
onto a circumscribed sphere. This cuts up
the surface of the sphere into four (spher-
ically) triangular areas. More complex fi-
gures would of course resuit in more com-
plex patterns on the surface of the sphere.
The chalienge is of course to maintain
continuity but the realities of the discon-
tinuities between extant conceptual
frameworks may suggest that any such
goal is idealistic. Disturbing factors are :
(a) Unequal development : Clearly a par-
ticular cell of a matrix may itself be
broken down into more sub-celis than
is yet possible with its neighbours.
Such differences would be reflected
in the surface patterning of the asso-
ciated sphere. (The intermediate



three-dimensional figure would of

course be asymmetrical to a corre-

sponding degree).
(b) Gaps - Assuming that the original ma-
trix was incomplete to the extent of
missing one row, for example, then its
« presence - could be indicated by an
appropriate number of (shaded) areas
on the surface of the sphere - if their
« ahsence » from the total pattern had
been remarked of course.
Zones Assuming that originally there
were two or more unrelated matrices
which each encompassed aspects of
the reality to which an observer could
be sensitive, then their representation
on the sphere surface would give rise
to patterned non-contiguous zones
separated by unmarked (shaded) ar-
eas reflecting the discontinuity be-
tween them. (The rules for projecting
the plurality of intermediate three-di-
mensional figures onto the surface
would be more complex than before).
The manner in which these disturbing fac-
tors are handled indicates the freedom
associated with this representational ap-
proach. Clearly distinct matrices could ei-
ther give rise to distinct spheres or could
be incorporated onto a single sphere as
non-contiguous zones (case c¢). On the
other hand, the possible articulation into
many nested levels of a particular cell in a
matrix (case a), could be handled by re-
presenting the latter on a separate sphere
it the totality of its special perspective
needed to be stressed. List elements, re-
presented by areas (see above), could be
disposed around the surface of a sphere
on the basis of a projection of a three-di-
mensional figure with the appropriate
number of sides. If the list was not « com-
plete » then gaps in the spherical surface
would be required (case b).

(e

Pattern of contiguity

in a matrix it is clear how the cells relate
to one another, Once the boundary is el-
iminated, however, the question of what is
contiguous to what is raised. Also in a
two-dimensional matrix there are two
types of contiguity {row and column) be-
tween cells. But, considering the simple
example of a 2-by-2 matrix transformed
into a tetrahedral surface, the validity of
juxtaposing particular areas may be ques-
tioned.

(a) Enantiodromia: A strong objection
that may be made to juxtaposing celis
at opposite boundaries of a matrix is
that they obviously reflect extreme
poles of distinction. And yet there is
much to suggest the intimate relation-
ship of extremes (4). Whether it is the
French phrase « les extrémes se tou-
chent », traditional Chinese concepts
of the continuous transformation from
yin into yang and vice versa, or the
classical Greek dramatic notion of en-
antiodromia (*), in all cases there is a
functional continuity which the matrix

(*} T.8. Eliot, The Four Quartets . « We shall not cease
from expioration. And the end of all our exploring, will be
to arrive where we started, And know the piace for the
first fime ».

form conceals. On the other hand the
matrix itself may be missing rows
and/or columns, in which case juxtap-
osition would be inappropriate.
(b) Valency : n a two-dimensional matrix,
all cells have a valency of 4 (neglect-
ing the boundary question discussed
above). The better known three-di-
mensional closed figures may have
surface elements of valency 3, 4, 5, 6,
8 and 10, although not all combina-
tions are possible this implies a grea-
ter richness than can be adequately
captured by a matrix, and a richness
whose continuity is maintained in its
projection onto a spherical surface.
Linkage lines: In a two-dimensional
matrix, the links between cells of the
same row or column are clear. Such
strings of areas may also be present
on the three-dimensional closed fi-
gures, although partial strings are
then also feasible.
Matrix projection: Although it is ac~
ceptable to portray a map of the globe
as a « matrix » of latitude/tongitude
cells, despite the distortion, a less
distorted representation is achieved
by using other projections which de-
part from the rectilinear mode. These
clarify to different degrees the time re-
lationship between the areas as pro-
jected from the position of the obser-
ver. It is possible that representation
of matrices could benefit from being
seen in this light.
Complementarity : In some matrices,
complementary pairs of cells are evi-
dent. Such complementarity may be
even more evident in the symmetry of
three-dimensional closed figures, in
relation to the points raised in Part 2.
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Part 2: Complementary

The three-dimensional closed figures dis-
cussed in Part 1 are ideal abstractions in
an important sense distinct from that al-
ready mentioned. It is a fact that all but the
simplest structures (not excluding the
cube, for example) are not of themselves
stable. If the vertices play no structurally
stabilizing role they collapse. intuitively
this suggests the importance of attention
to design techniques which could ensure
the inherent stability of structures con-
forming to such patterns.

These problems have been extensively in-
vestigated by Buckminster Fuller and
others. Their relevance to the concerns of
this paper have been discussed else-
where (5, 6, 7).

Of special relevance is the concept of
counterbalancing counteracting forces as
a basis for maintaining the pattern in
question. This is achieved through ten-
segrity structures. It suggests that com-
plementary opposed factors should be
specially positioned in relation to one an-
other. This pattern of contraints may be
used to design a spherically symmetrical
representation (5).

Part 3 : Comprehensible code

In this approach the concern is to make
use of some surface which can be suitably
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« coded » to provide « hooks » oato which
concepts can be « hung » in such away as
to facilitate comprehension of the patt-
erns as a whole. The emphasis is there-
fore on providing a trigger for memory and
comprehension. This preoccupation has a
long history going back to the Greeks, and
possibly the Egyptians, as reported by
Francis Yates (8). It is only comparatively
recently in the 17th century that it went
out of favour with the western scientific
revolution and the widespread use of pa-
per as a crutch for memory. There is little
current concern with memory (particularly
with the increasing number of information
services and references tools) other than
in the form of gimmicks to meet the chal-
lenge of examination, or in relation to
speed reading etc. On the other hand
these gimmicks, current investigations of
memory prodigies, and the reports of the
ancient art, all emphasize the importance
of suitable « hooks ». The relation to com-
prehension, as exemplified by the Eastern
practice of the mandala (9), is discussed
elsewhere (1).

A recent paper proposes the use of a
sperical surface to mode! the body of
knowledge and its development (10). The
concern did not extend to problems of
comprehension. As Yates reports, this de-
mands the use of « hooks » which usefully
trigger the imagination through non-intel-
lectual processes, however irrational and
unsystematic they may appear. Thus fa-
voured «surfaces» included building
complexes which enabled some to use
over 120,000 memory locations in a struc-
tured comprehensible relationship to one
another. The production of a suitable re-
presentation can be seen as a problem of
design, namely a series of decisions
about the relationship between form and
content (11). This involves a struggle for a
« best fit ». As the design is « firmed up »
to completion, its value as a tool for im-
proved comprehension becomes increa-
singly apparent.

As a design problem, any initial attempts
are bound to contain many weaknesses.
These couid however be progessively re-
duced following experience with the re-
presentation, discussion and feed-back.
Part of the merit of this approach (for
some at least) lies in reflecting on the de-
sign problem itself and the disciplined
pattern of decisions which need to be
made. it is likely that there are severa! alt-
ernative patterns which could lead to
equally useful and thought provoking re-
sults.

Design decisions
1. Decision 1

The surface used for the representation
shall be a spherical one. This has the mer-
it of built-in continuity which, through the
absence of a boundary, does not give un-
due privilege to any position on the sur-
face. Being finite and rounded it has a cer-
tain « graspable » quality; the form of the
whole is intuitively comprehensibie as a
gestalt. This quality is absent from con-
ventional tabular (or matrix) presenta-
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tions which provide an abstract frame-
work iacking any focus for comprehen-
sion. The same is true of more complex
surfaces (although there are merits to the
use of a torus, for example).

Decision 2

The surface shall be broken up into a patt-
ern of two interweaving forms: «land »
and « water », Clearly a uniform surface
would not provide any « grip » for the im-
agination. Simply inscribing a regular lat-
itude/longitude grid pattern would also
stress the abstract and alienate the imag-
ination. The land-and-water coding ap-
peals to the imagination because of the
widespread familiarity with the terrestrial
globe, its various surface features, and
their relationship to the observers own lo-
cation and those of others of whom he is
aware. It has an organic guality which is
encountered in fictional fantasy worlds (cf
Tolkien), science fiction, or humour (see
Fig. 1 and 2; are they conceived as conti-
nents on a « flat earth », and if so, why ?;
how distant are they from each other ?).

Decision 3

The two-fold distinction on the surface
shall be used to carry the basic two-fold
distinction in human activity and con-
cerns. Here ‘care is required because of

the problems of label words at this level of
abstraction (1). It is not a question of ade-
quate definition, because this simply in-
troduces the vicious circle of the definition
of the words used in any definition, etc, ig-
noring the question of comprehension.
The words used here are therefore to be
considered as pointers only. The basic
distinction is between what can be com-
prehended (by the reader/observer) as
common to what is denocted by the labels
in each of the following lists :

« land » « water »
rational irrational
intellectual emotional
conscious unconscious
order disorder
recognized unrecognized
« loft brain » « right brain »
yang yin

« practical » « impractical »
expressed repressed
etc. etc

This is not in any way meant to suggest
that one is « better » than the other, just
as it would be ridiculous to suggest that
land is better than water.

Decision 4

The land masses shall represent activity
performance rather than the activity as a
subject e.g. performing chemical opera-
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Fig. 4 Geodesic sub-division of a sphere.

Fig. 5 Erosion of ideal geodesic sub-division.
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tions and aasociated symbol manipula-
tion, ratherthan « chemistry » as a body of
knowledge; praying rather than prayer;
etc. This removes the need to consider
subjects which are not associated with a
pattern of activity, and renders other sub-
jects subordinate to the pattern of activity
with which they are associated. It is a
move from a noun-focus to a verb-focus
(and is thus more process oriented). Sub-
sequent investigation may suggest that
this decision should focus more on the no-
tion of the « body of knowledge » rather
than « activity performance ». Revision of
the design sequence would then be re-
quired or the advantages of an alternative
design considered. It is possible that
some mixed notion ({«disciplined or-
der » ?) would be preferable whose spec-
ification might itself raise problems of la-
belting, definition and comprehension.
The «fields of human activity » denoted
by the land masses could be interpreted
to include : walking, hating, philosophy,
economics, welding, chemistry, drams,
meditation, etc. They could have been
restricted to intellectual disciplines (12),
or more broadly to occupations (13). They
could have been extend to types of role.
Only by further investigation will the impli-
cations of this design decision become
apparent.

There is an obvious design problem of de-
termining which level of « human activity »
is to be mapped by the surface areas
themselves and which levels could be
more appropriately indicated by (a) fea-
tures on those areas, whether « natural »
or « artificial », or (b) by «natural» or
other activities occuring on or over such
surfaces, or (c) by making use of one or
more other spherical surfaces (a point
raised in Part 1). This question will be con-
sidered in Part 4.

Decision 5

It follows from Decisions 3 and 4, that the
water masses shall be used to represent
human activity which is not « conscious-
ly » and « rationally » ordered in the man-
ner associated with land masses. A land
mass split by a body of water, would thus
be used to represent an « irrational » dis-
continuity in an ordered approach. The
distinctions implied by the size and nature
of the body of water (ocean, inland sea,
lake, river, marsh, stream, etc) will need to
be clarified by subseguent design deci-
sions even if their possibilities can be in-
tuited at this point.

Two basic design problems must be faced
at this point namely :

(a) the determination of the relative size
of any land mass or body of water,
even if attention is restricted to sur-
face area.

{b) the disposition of the land or water ar-
eas in relation to one another; the
pattern they constitute on the surface
of the sphere.

At this point it is necessary to draw to-
gether the threads emerging from the
three approaches and to return to insights
from Parts 1 and 2.

Part 4 : Integration

The conceptual procedure whereby a ma-
trix is formulated gives rise to cells of
« gqual importance » or « weight ». By this
is meant that each category (cell) is
equally distinct from the other categories
(cells). Of course, if some quantitative
measure is attached to the celis than
there will be inequalities. But these may
be considered secondary {(at least for the
moment).

Using the argument of Part 1, the matrix
categories may be given equal « land » ar-
eas (in Part 3) on the surface of a sphere,
at least as a first approximation. If the ma-
trix attempted to reflect all fields of human
activity (see Fig. 3, for example), then this
could be considered an indication of the
desired subdivision of the spherical sur-
face. The relationship of the matrix cells
might also be considered an adequate in-
dication of the disposition of the areas on
the surface.

This procedure of course presupposes
that:

(a) the matrix is complete,

{b) all activity is rationally ordered

(¢) the relationships between such activ-
ities are rationally ordered.

The current lack of relationships between
the natural sciences, or with the social
sciences, the humanities, or other modes
of activity shows the weakness of this
presupposition and the difficulty which
would be encountered in formulating such
a matrix. Even classification science, by
definition neutral to the variety of fields of
activity, generates a variety of competing
matrices (although they are usually lists).
In fact Fig. 3 constitutes the most recent
effort to cover the complete range with a
minimum of distortion. But of course it is
not designed to highlight the hiatus, in the
minds of the practitioners, between the
different fields. One may also ask what
aspects of human activity are omitted
from a « subject field » matrix with its built
in emphasis on the study mode.

In the light of Part 3 therefore, « water »
areas are likely to be evident along the

discontinuities between the areas on the
spherical surface. However this does not
imply a regular pattern of « canals », for
the degree of hiatus will vary between dif-
ferent «land » areas, giving rise to any-
thing in width between a river and an
ocean. On the other hand, some possible
lines of hiatus will be eliminated as a re-
sult of the rational binding together of two
areas (e.g. where a suitable paradigm en-
sures the appropriate meshing). Further-
more, a large category (e.g. a particular
science) may be fragmented by a «ne-
twork of waterways » into sub-areas due
to the mutual hostility between its consti-
tuent schools of thought.

The question is then does the Part 1
procedure suggest a means of decom-
posing the surface further to delineate
where discontinuities may arise between
sub-categories. There is in fact a well-de-
veloped technique for doing so. This is the
geodesic subdivision of the surface of a
sphere (Fig. 4). it may be used to decom-
pose the surface as finely as is required
by the (ability to « resolve conceptualily »
the) presence of nested sub-categories in
a given zone (and not necessarily in ano-
ther). it may be based on many of the
three-dimensional figures to which the
Part 1 procedure gives rise.

These steps indicate that it is possible to
depart from the « simplistic » ideal subdi-
vision of the spherical surface and to re-
spond to local variations. But the areas so
delineated, however small, are stili
bounded by « straight » lines (i.e. on the
curved surface). It is a valuable indication
(preserving the classificatory precision of
Part 1) but lacks the organic quality
sought in Part 3.

However, consider the ideal boundaries of
the areas decomposed as in Fig. 5. If a giv-
en boundary is «eroded » by the en-
croachment of some irrational element,
this may be indicated by selective removal
of the smallest sub-areas, thus resulting
in a ragged, «realistic coastline ». This
raises the question of how to determine
with precision which such areas to switch
from land to water.

The world was spinning like the most delicately tinted of bubbles, ail light It was the mind of
humanity that | saw, but this was not at all to be separated from the animal mind which married
and fused with it everywhere. Nor was it a question of higher or lower... | watched a pulsing swirl
of all being, continually changing, moving, dancing, a controlled impelled dance, held within its
limits by its nature, and part of this necessity was the locking together of the inner pattern in light
with the other world of stone, leaf, flesh and ordinary light...

And on this map or plan that showed how myriads of ridiculously self-important identities were
reduced to a few, was another, different, but, in some places, matching pattern, of a stronger,
rarer light (or sound) that varied and pulsed and changed like the rest but connected direct, made
a link and a bridge, a feeding channel, between the outer (or inner, according to how one looked
at it) web of thought or feeling, the pulsating bubble of subtle surrounding colour, and the solid
earthy watery globe of Man. Not only a link or a bridge merely, since this strand of humanity was
open like so many vessels open to the rain, but part of the shimmering web of fluid joyful being,
which was why the scurrying, hurrying, scrabbling, flighting, restless, hating, wanting little
patches of humanity, the crusts of lichen or fungi growing here and there on the globe, the sea’s
children, were, in spite of their distance from the outer shimmering web, nevertheless linked with
it always, since at every moment the glittering tension of singing light flooded into them, into the
earthy globe, beating on its own delicious pulse of joy and creation.

Doris Lessing, Briefing for a Descent into Hell

(New York, Alfred A Knopf)

« Motto » of the volume by : Erich Jantsch and CH Waddington (Ed). Evolution and Consciousness; hurman systems in transition

(Reference 15).



On the other hand, the encroachment may
be that of a neighbouring field of activity
which « incorporates » a sub-area across
the original boundary into its own domain.
This opens the possibility to the indication
of a (« political ») switch of allegiance or
empire building, neither of which is foreign
to the dynamics between disciplines, for
example.

Despite these possibilities however some
nagging questions remain. They may be il-
lustrated by imagining that in the absence
of the conventional global map informa-
tion was nevetheless available on all the
land masses. This could be presented in
list or matrix form. Despite the lack of any
global perspective, inhabitants of the land
masses could be consulted on their reia-
tionships with neighbouring territories
and the barrier constituted by any inter-
vening body of water. The problem is how
to solve the question of scale, distance
and direction on the basis of such inter-
views. How can any group associated with
a particular pattern of activity be objective
about the relative size of the land surface
by which the activity is denoted ? There
would be an obvious tendency to inflate
the importance of that with which one was
familiar and, uniess menaced by it, to di-
minish that of which one disapproved or
was misinformed (even to the point of
declaring its existence to be a « pure fan-
tasy of fevered minds »). In this light, any
map in likely to be the subject of consid-
erable controversy (if in fact the proce-
dure is held to be of any merit).

It may in future be possible to respond to
this difficulty and provide a rational basis
for positioning the boundaries between
fields of activity and this is considered in
Part 5. At this point some available indica-
tors may be considered as a guide to re-
fining a map in terms of size of surface ar-
eas as a measure of relative importance.

A nurnber of possibly indicators are avail-

able :

- occupational statistics

- educational statistics by discipline or
occupation

- funds associated with sectors of econ-
omic activity

- documents associated with particular
« subjects » or disciplines.

But, however these might be used to ob-
tain some first approximation to relative
importance, they fail to detect the more
prevalent types of activity e.g. walking,
cafe activity, love-making, etc. These are
better recorded by time-budget data
where available. However time-budget
categories would prove inadequate to the
task of distinguishing the variety of hu-
man activities which emerge from the data
above.

Both types of data would fail to distinguish
between the various patterns of activity
often associated with different kinds of
social grouping {e.g. organizations) or cui-
tural group {(e.g. communities). Clearly a
variety of sources would have to be used
to obtain a rough indication of surface ar-
eas as a stimulus to feedback.

A second question concerns overlapping
patterns of activity (e.g. an occupation

which involves walking, which is itself also
a leisure activity). Here the overriding or
determining pattern must be considered
to take precedence.

This however brings up a further question.
If the relative land surface approximations
are based on some indicator like world
man-hours per year per activity, some
very basic activities might acquire unde-
sirable prominence on the total surface
(e.g. sleeping, food consumption, etc.).
One approach, if desired, is to use a logar-
ithmic relationship between man-hours
and surface area. But would this destroy
the desirable iconic value of such a map ?
With regard to the degree of relationship
between land areas, it should be possible
to make some use of citation analysis.
Ciearly the frequency of citation of papers
in neighbouring fields would be high. A
frequency analysis could then lead to a
suitable pattern of juxtaposition of fields.
Of course citation information is only
available for certain fields of activity and
covers only a few publications, but it could
nevertheless provide some valuable
(« quantifiable ») guidance particularly for
the natural and social sciences. Possibly
an analogous « citation » approach could
be developed on the basis of a rigorous in-
terview technique in order to cover other
fields.

The preceding paragraphs are an indica-
tion of design problems to be confronted
in the light of different kinds of information
available. It is appropriate to view this
problem in terms of the probable confu-
sion in the minds of the early cartogra-
phers confronted on the one hand with re-
ligious and philosophic (ideal) models of
the structure of the world, and on the other
with a jumble of facts, opinions and ru-
mours based on travellers and investiga-~
tors with different kinds of axe to grind.

Part 5 : Transformations

This investigation has so far clarified a
number of aspects of the design problem.
Attempts at producing crude maps could
be made. But it is possible that, by plung-~
ing further into the implications of the
spherical framework, some useful insights
and clues may be obtained to improve
map design. That is the aim of this Part,
which raises questions without necessar-
ily supplying adequate answers.

Given the distinct land masses of Part 4,
one may ask what «spreads» or
« stretches » any such field of activity over
the spherical surface to its boundary. Why
is « mathematics » in one part and « art »
in another ?

Suppose that each such field could be
defined in terms of different combinations
of a limited number of distinct «ele-
ments » of perception or cognition. Then
how many elements are required at a min-
imum to enable the complete range of ac-
tivity fields to be specified ? What kinds of
elements and combinations are we talking
about ? And how does this relate to the
geometry of the sphere ?

It is important to note that in denoting a
field of activity by an area, this opens up
possibilities which are absent when it is
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defined as a point - as in a list, a classi-
fication scheme, or even a matrix (where a
«cell » is in effect a point in an array).
Such a field may be conceived as com-
posed of points with a common character-
istic. But towards any boundary of the field
the « strain » increases on the specifica-
tions of the point in terms of the common
characteristic (exemplified by the more
central points of that field). The boundary
is the location where the points shift alie-
giance to minimize the strain.

This suggests that the land mass denota-
tion of field of activity reflects very ade-
quately the crudity and rigidity of conven-
tional conception of such activities. it
corresponds to the Aristotelian either/or
approach. The possibility that there might
be some functional continuity across such
boundaries is excluded. Attempis can
made to extend the boundary of a field to
encompass a neighbouring fieid, but the
possibility that the nature of the field
changes as one moves over it is excluded.
Although in fact, as with border cultures
anywhere, the activities on each side of
the border may have more in common
than with their respective central posi-
tions. This of course makes a matrix re-
presentation crude and unsubtle Also in-
formation must be placed in either one cell
or another, but not between.

Expressed in term of the sphere, it would
be much better to be able to indicate the
type of activity by some function of the po-
sition of a point on the sphere. Transition
from point to point would then give func-
tional continuity emphasizing continuous
« transformation » from one activity to an-
other. The «artificial » regrouping of
points into areas to which a conventional
label is attached, and the emergence of
discontinuities between areas, would
then be understood as arising from an in-
ability to handle such functional continuity
- an inability with which we are obliged to
live. (There is a temptation to think of such
artificial areal rigidifications as conceptu-
al «tectonic plates» floating slowly
around on an underlying semi-fluid con-
tinuous magma which wells up at the dis-
continuities... or as « macrons » (14)).

If this line is followed further, it may be
asked how points might be defined in
these terms. What function or coordinate
scheme could be used to « spread » the
complete range of activity «elements »
over the spherical surface ? Is it, for exam-
ple, possible to use any 4-fold scheme
(e.g. Jung, Parsons, etc) such that from a
given point moving « north », «south »,
« east » or « west » moves one to activi-
ties with a greater amount of « quality A »,
«B», «Cror«D» respectively ?
Cleariy it would be important to avoid be-
ing trapped by any particular 4-fold
scheme which effectively stresses the qu-
alities characteristic of the field of activity
within which it was formulated. Rather the
principle of a 4-fold scheme would be ac-
cepted and the challenge of determining
what content emerges from a 4-fold cut
could be faced. This problem is discussed
elsewhere (1). Basically the difficulty is
one of avoiding the labelling tendency, the
assumptions associated with labelling,
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the tendency to premature conceptual
closure, and the problem of comprehen-
sion. From this emerges the possibility of
taking whatever can be comprehended
(without labelling) by the reader/observer
as common to a wide range of 4-fold cuts.
This is unconfortable because of the elu-
sive quality such as is found in the signi-
ficance attached by Chinese philosophi-
cal texts to «north », « south », «east »
and «west » (16) (*). On the other hand
labels may be attached for convenience,
although the challenge to comprehension
should be stressed whenever possible.
The geometry of a sphere also suggests a
more elegant scheme namely in terms of
radial coordinates. This effectivily trans-
forms « north/south » and « east/west »
into two angular measures. The challenge
to comprehension of enantiodromia (see
above) has of course to be faced, The re-
lationship between angle and meaning
has been expilored by several au-
thors (17, 18, 19) but the conclusions are
at best tentative; much remains to be
done.

It should not however be forgotten that the
purpose of this exercise is to obtain an
adequate «conceptual surface ». The
sphere has comprehensible characteris-
tics but by choosing it, it is immediately
necessary to allow more complex phen-
omena {(which are distorted by a spheric
representation) to be projected onto it.
The consequence is a necessary loss of
(simplistic) neatness, emphasizing the
value of the «realistic organic » map of
Part 3. But the line of investigation can be
extended further (without losing the link
back to Part 3 and 4) by confronting the
problem of different levels of abstraction
and comprehension. It remains a design
decision as to the level of abstraction at
which the «fields of activity » are con-
ceived and allowed to « impact » on the
surface of the sphere. But what happens
to the levels which are less abstract or
more abstract, once such a decision is
made ? Where do they get « put » ? Those
which are less abstract may perhaps be
allowed to « affect » the topography and
geography of the sphere, and such design
possibilities are briefly discussed in
Part 6. Those which are more abstract and
less comprehensible may possibly be pro-
jected into the socio-cuitural life which
could be designed onto the sphere. This
approach is not considered further in this
paper. Although it could be very meaning-
ful as a communication tool and provides
a rationale for the tendency to use car-
toon, fictional and legendary characters to
illustrate psycho-social dynamics. An ait-
ermative is to nest a number of other
spheres concentrically within that already
discussed, according to the number of le-
vels of abstraction it is desired to repres-

(*} Note that, even more than in the West, the Chinese
emphasize the areal as well as the directional charac-
ter. This suggests a transformation from the «com-
pass » circle representation to the spherical arcal which
would create zones such as « north west », « south
south east » to whatever level of detail was required.
How they would be located as areas on the sphere re-
mains to be explored.

ent. With this approach, the most abstract
(i.e. most central) sphere would reflect a
minimum number of distinctions whose
relationships would be relatively clear and
simple, but whose content would consti-
tute a challenge to comprehension and
would be impossible to define or label sa-
tisfactorily (1). At other levels, compre-
hension and labelling would be less of a
challenge but the relationship pattern
would be increasingly complex and diffi-
cult to define or to comprehend as a total-
ity. Consider the successive shells of the
| Ching elements with 2, 4, 8, 16, 32 and
64 components (16). The patterning of
the latter is very complex, in fact one is re-
minded of the Chladni standing wave in-
terference patterns (20).

If any more abstract spherical shelis were
omitted, their content and its relationships
would have to be projected onto whatever
less abstract shells were retained in the
representation, or be left as «uncap-
tured » by it. Such projections would of
course tend to complexify the patterning.
Note that some clues to comprehending
the nature of such a representation may
be obtained by reflexion on the succes-
sive electron shells of atoms and the patt-
erning of « orbital clouds ». This is an im-
pressive conceptual model of the relation-
ships between successive levels of dis-
tinction. it is possible to see how many le-
vels are required before N distinctions
have been effectively made, namely how
many levels are required before N distinct
concepts can be effectively represent-
ed (1). The representation/comprehen-
sion problem of this shell approach has,
interestingly enough, been confronted in
the problem of representing the complete
range of colours. Not only does Johannes
Itten (21) suggest that the complete
range can be represented by points
throughout a sphere (defined by latitude
and longitude}, but he chooses to consid-
er the basic colours as regrouped into 62
zones on the surface of the sphere (5x 12,
plus 2 Polar zones of black and white). He
also chooses to consider the remaining
colours as grouped in 3 inner shells. The
whole scheme is structured so that com-
plementary and contrasting colours are
immediately evident. He also indicates the
complexity and richness arising from co-
lour « chords » of 2, 3, 4 or 6 tones based
on the apexes of (three-dimensional) fi-
gures inscribed within the colour sphere
(cf. Part 1). It is interesting that the repres-
entation of the range of colours is not yet
understood or accepted, and that the an-
alogous problem for sounds, odours,
tastes and textures in far from being
solved.

Whilst the shell approach was, ironically,
much favoured by traditional religious phi-
losophers (whether concerned with the
structure of the cosmos or of man) and
does have iconic merit due to its spheric
symmetry, it nevertheless poses serious
problems to comprehension. The same in-
formation can be represented by «de-
concentricating » the shells and treating
each as a planet in orbit around a central
sun (presumably not a binary star I). The
approach of Part 3 and 4 can then be ap-

plied to each independently in terms of the
content of the level of abstraction dec-
ided. The structural richness of the solar
system model, with which there is increa-
singly widespread familiarity, provides
conceptual « hooks » on which to hang
even more of the dynamics it is desired to
capture in a representation. Clearly the
planets must move in orbit, they must
spin, etc. These stabilizing characteris-
tics, which have traditionally constituted
severe obstacles to comprehension, are
even more difficult to comprehend in the
shell mode! (electron « spin », etc.). They
also raise interesting questions about the
adequacy of a simple spherical represen-
tation without « spin » (implying « poles »,
« diurnality » etc.) or « revolution » (imply-
ing « seasons ») around a central pre-
dominating « function ». Clearly it is not
adequate simply to use separata and un-
related spherical models to represent dif-
ferent sets of functions at different levels
of abstraction (as is the conventional ap-
proach of disciplines concerned with dif-
ferent levels of abstraction). There is a re-
sponsibility (whose ?) to show their rela-
tionship by some means. The solar sys-
tem modei is structurally rich (*) and, iron-
ically again, has been used traditionally to
relate different functions (e.g. gods, qual-
itjies and planets) to facilitate comprehen-
sion by the populace.

Hopefully it is now clearer how the design
problems might be compartmentaiized
and structured. The design objective is to
provide a representation within which one
could structure one’s thinking according
to the level of abstraction at which one
wished to function. This would not pre-
vent, but rather encourage, considerauon
of the perspective at other levels of ab-
straction as appropriate.

Part 6 : Mapping kit

It is to be hoped that Parts 3, 4 and 5 have
given a better understanding of how
« conceptual markers » might be used
within some « terrestrial » or « solar » re-
presentation. It should be apparent that a
step by step design approach is possible
with many options. Many of the options
can be designed into the representation
without necessarily asserting themselves
aggressively on the attention of the ob-
server/user — who may be as sensitive or
insensitive to the variety and complexity
as are people with regard to their ordinary
environment.

The stage is therefore set for the design
team to create a world in which the famii-
iar elements used in the representation
are interrelated in a manner which ref-
lects, as much as possible, what is under-
stood of the relationships and character-
istics of the psycho-social phenomena
they denote. The design team may put into
the design « kit », for use as « conceptual
markers », as many features of the « real
world » as are considered useful in carry-

(*) Even greater richness can of course be obtained by
using a « galaxy » structure as a basis for a represen-
tation, as discussed eisewhere (22).



ing an understanding of what needs to be
represented. The design challenge is to
« feel out » the iconicity of different design
options. A major difficulty is to resolve
problems of level of abstraction and to de-
termine where to «put» certain phen-
omena (e.g. as a geological, climatic, or
social feature, or on a separate planet). A
« poor » design would have the doubtful
value of a literary metaphor. A « good »
design would be highly isomorphic and
would raise interesting questions. How
isomorphic and how iconic it is possible to
be remains to be discovered. The design
problem is as much art as it is science,
and that is how it should be to resuitin a
significant representation (for the ab-
sence of either leaves us where we now
stand).

it is interesting to refiect on how many dis-
tinctions and relationships are built into
any conventional concept of the world and
our labelling of its elements and pro-
cesses (on the basis of education or ex-
perience). Of course part of the design
problem here is matched in the different
concepts of the world heid in nonwestern
cultures and languages. This does not
prevent communication, however much it
is distorted, but it disguises heavily the
subtle differences in understanding {1).
In Fig. 6 some indication is given of the
variety of features which could be con-
sidered in the design. It is worth bearing in
mind the procedures used to interrelate
objectively such features in the «real
world » (e.g. topography and triangulation
surveying). The stages and processes by
which such techniques were discovered,
and to consider the extent to which anal-
ogous problems are not to be faced in de-
signing or understanding the representa-
tion.

Fig. 6 Metapnhoric mapping features

continent wind
mountain (chain) storm
peninsula flood (plain)
island desert
watershed swamp
valley jungle
plateau grassland
ocean forest
strait

sea

estaury

river

Part 7 : Practical possibilities

Their have been a number of experiments
which can be considered in the direction
of producing « conceptual maps ». A basic
distinction must be drawn between those
which are point-oriented and those which
are area-oriented. In the point-oriented
case, one may cite arrow-diagram exper-
iments in classification (23). A similar
technique has been used to produce met-
abolic/biochemical pathway charts (24).
More generatly there is the production of
systems (flow) diagrams of varicus
kinds (25). The limitations of this ap-
proach are apparent from the visual drab-
ness of the basic flow chart of the Club of

Rome sponsored, highly, significant Limits
to Growth project (26). Equally « academ-
ic » are social network diagrams, aithough
these usually show people linkages. Re-
lated to these, but focused on concepts
are belief networks (27) and « mental
models » (28).

A very crude and partial move towards an
area-oriented presentation has been
made in the UNESCO science policy infor-
mation thesaurus, SPINES (29). THis is
really a compromise between the point
and area forms as are the Venn diagram
type figures used innovatively for interna-
tional organization memberships by UNC-
TAD. Of a very different kind are so-called
«mental maps » (31) of peoples per-
ceived distortion of geographical areas
with which they are (un)familiar. Other ex-
amples may be found (25).

Much more ambitious possibilities are
foreseen (and are technically feasible
with available hard ware) using computer-
ized graphic devices and colour display
screens. Douglas Engelbart envisages
people using such devices to «drive
around » each others conceptual
spaces (32). It has been suggested that
the multitude of data elements describing
the condition of a highly compiex industri-
al process might be represented to the
controller in the form of a flower or a land-
scape, such that any change in a process
condition would be immediately recogniz-
able as alterations in the colour or shape
of the elerments depicted. Displays are al-
ready used to provide realistic visual re-
presentations of complex 3-D movements
of 3-D objects (e.g. plane manceuvers)
generated by computer, and this is far
beyond the cruder 2-D versions already
widely available as inexpensive home-TV
games.

Clearly there is little to prevent the « de-
sign » (in the sense of this paper) of ani-
mated representations based on geogra-
phical or even socio-cultural systems. In-
itially it would only be necessary to use
the computer power to « explore » the to-
pography in detail. Later « climate », « er-
osion », « plant species », « animal spe-
cies », can be added in together with their
interrelationships. The possibility of
growth, or geological or species evolution
(from a « primeval » condition) could be
explored. It is clear that, in contrast with
conventional simulations, the dynamics of
the representation impose a powerful and
necessary design constraint which facili-
tates «right brain » comprehension by
non-specialists. The computerized dis-
play in fact constitutes a powerful design
tool beyond its current uses for « compu-
ter aided design » of physical systems.

.The problem is not so much the hardware

but rather the information on the fields of
human activity. This currently has built in
blindspots or distortions due to the focus
and interest of the investigating disci-
plines. Currently an attempt is being made
to remedy this with a view to such a map-
ping exercise. This is being done with data
on 8,000 «international » organizations
covering the complete spectrum of human
activities which have achieved interna-
tional significance. This is obtained from
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the Yearbook of International Organiza-
tions {34), itself derived from a data basa
in common with the Yearbook of World
Problems and Human Potential which was
conceived with such a mapping exercise
in mind (3).

Much can of course be learnt from the
conventional discipline of map de-
sign (35) and from structures in na-
ture (36).

Part 8 : Evolving design

This unconventional approach to classifi-
cation should be compared with the long
series of approaches in the
past (37, 38, 39). The record of how so-
cieties have chosen to see the uni-
verse/environment decomposed into
categories is extremely instructive. E |
Samurin examines over 200 such at-
tempts (37).

As is to be expected no classification ex-
ercise bears a very happy relationship to
any of its predecessors or contempora-
ries,. The new rejects the old and views its
inadequacies with considerable disdain.
This attitude, tempered with defensive-
ness, also tends to characterize the rela-
tionship between advocates of the differ-
ent schemes today — which are the basis
of the computerized information systems
of international agencies competing for fi-
nancial resources.

What is missing is a sense of continuity -
not as a form of historicai lip-service - but
of the evolution of classification patterns.
Now the design approach advocated in
this paper provides such a linkage. For, if
the exercise were to be conducted in
terms of the framework of any given period
of the past, it would be seen how the
« land masses » would be differently lo-
cated with respect to one ancther. The
geological evolution of the earth may
therefore be used to suggest the basis for
a series of maps which record successive
conceptual decompositions from « primi-
tive » to complex. Continuity is respected.

Conclusiops

Hopefully this paper demonstrates that
there is a practical approach to this very
difficult problem and that much could be
learned from such an exercise.

This sort of approach opens up for discus-
sion the whole question of the value of the
conventional western scientific approach
of distinguishing sets of factors or condi-
tions, and displaying them in a matrix or
classifying them in some way. This wides-
pread tendency detaches the observer
from the phenomena in a manner which
can conceal inability to relate to them, to
fully comprehend them or to understand
their relationship to other such sets. How
can the « scientific » act of classification
be related to the non-scientific need for
representation and comprehension of
complexity — given the variety of perspec-
tives, information preferences, and toler-
ances for complexity ?

Clearly there is a paradox associated with
such mapping in that the map is inade-
quate if the mapping activity does not fi-
gure on it. Whilst amusing (see «para-
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doxes »}, the paradox embodies problems
which we resolve simplistically at present
and thus suffer the consequences of the
inappropriateness of our collective action.
Alastair Taylor in concluding an article on
« Process and structure in sociocultural
systems » {40) makes the point that :

« What we have to recognize is our shared
involvement in a fundamental conceptual
shift ~ a muitirelational transformation
from a nation-state paradigm progres-
sively to a global construct comparable to
the shift of perspective from the Mercator
projection ~ rectilinear and emphasizing
two-dimensional « flat » space - to, say,
an orthographic projection, at once curvil-
inear and recognizing new spatial rela-
tionships. Perhaps the traditional concept
of space itself requires to be assessed
anew. The nation-state paradigm tended
to view space as a void, an empty recept-
acle to contain pieces of « property », so
that space was largely a matter of
« place » and « location », and what lay
beyond the property lines was either no-
man’s land or, alternatively, open to entre-
preneurial « grabs » and exploitation. But
a very different way of perceiving space is
to regard it as a plenum - an ordering con-
stituent of a macrocosmic system in which
field forces are omnipresent and omnio-

Mapping Paradoxes

The map gives rise to two important par-
adoxes, the Paradox of the Complete
Map, and the Paradox of the Inclusive
Map.

First, the Paradox of the Complete Map in
this passage from Lewis Carroll's Sylvie
and Brumo Concluded, 1893 :

‘That's another thing we've learned from
your Nation,’ said Mein Herr, ‘map-making.

But we've carried it much further than you.

What do you consider the /argest map that
would be really useful 7’

‘About six inches to the mile.’

‘Only six inches! exclaimed Mein Herr.
‘We very soon got to six yards to the mile.
Then we tried a hundred yards to the mile.
And then came the grandest idea of all !

We actually made a map of the country, on
the scale of a mile to the mile I’

‘Have you used it much ?' | enquired.

Mein Herr: ‘the farmers objected: they
said it would cover the whole country, and

country itself, as its own map, and | assure
you it does nearly as well’

The Paradox of the Inclusive Map was
posed by Josiah Royce, in The World and
the Individual, 1899 :

England has been levelled off perfactiy
and that on it a cartographer traces a map
of England. The job is perfect; there is no
detail of the soil of England, no matter how
minute, that is not registered on the map;
everything has there its correspondence.

This map, in such a case, should contain
a map of the map, which should contain a

thology of paradoxes. London, Penguin,

‘it has never been spread out, yet.’ said

shut out the sunlight | So we now use the

‘L.et us imagine that a portion of the soil of

map of the map of the map, and so on to
infinity.’

(Reproduced from: P. Hughes and G.
Brecht. Vicious Circles and Infinity; an an-

1978).

Developmental landscapes

C H Waddington. Extract from « Conclud-
ing remarks » to Evolution and Human
Consciousness (15).

The first and most obvious type of change
in an embryo is that it develops into an
adult form; this is relatively long-lasting,
but is in fact always undergoing slow pro-
cesses of change, which lead eventually
to senescence and death. This implies
that the phase space in which the system
is modeled contains a surface with a gen-
eral slope which will guide any trajectory
toward the adult state, and final death.
However, we have also to take account of
the fact that different parts of an embryo
develop into different organs - liver, kid-
ney, brains, muscles, and so forth. This si-
tuation can be described by supposing
that superimposed on the general slope is
a radiating system of valleys, which direct
some trajectories to move along toward
the kidney, another set to move along
toward liver, and so on. An attractor sur-
face modeled in such a manner is called
an epigenetic landscape.

A description in these terms suggests
many questions which it might be profi-
table to study. At what point do various
valleys brarich off from one another ? Do
two valleys which have once become sep-
arate from one another ever later come to-
gether and fuse again ? But perhaps the
most important questions for most practi-
cal purposes relate to the shapes of the
valleys in cross section and the height of
the mountain watersheds between them.

There is no reason why a valley should not
have the shape of a very narrow canyon
with precipitous and possibly high walls;
or alternatively be characterized by the
gentler contours, leading down to broad
water meadows through which the river
meanders, which are characteristic of
what geologists would regard as an old,
mature earth form.

To avoid having to use the only metaphor-
ical name of a « valley », for what is really
a characteristic of an attractor surface in
a multidimensional space, | have coined
the word « chreod ». The cross-sectional
shape of the chreod describes the reac-
tion of the system to fluctuations affecting
it. In a chreod with a canyon-like shape. It
will be very difficult to divert the develop-
ing system from the very bottom of the val-
ley. If this is done by a strong enough in-
fluence, the system will immediately find
its way back to the bottom as soon as the
influence ceases. Such a system is very
stable in Holling’s terms. On the other
hand, if the chreod has the shape of a
broad river floodplain, it will be very easy to
divert the system from the very lowest
point and it will return there only after
meandering at random for quite some dis-
tance. This is a system with little stability
in Holling’s terms.

On the other hand, the resilience of the
system depends not on the shape of the
river valley or chreod, but on the height of
the watersheds on each side of it. These
indicate the maximum fluctuation which

the system can absorb while remaining
within the same chreod. Anything greater
than this will push the system out of this
chreod over the watershed. Now Holling
suggests that it is very unstable systems
(i.e., those corresponding to broad val-
leys), which are most resilient (i.e., have
the highest watersheds). In a very general
way, in epigenetic landscapes compar-
able to old matured earth forms, this may
be true; but the connection is not neces-
sary. In fact, in newly formed landscapes,
developed for instance in regions of the
earth recently subject to considerable up-
lift, one may find deep valleys which are
very narrow in a cross section, such as the
Grand Canyon. If one is trying to design
and produce in a relatively short time a
system in which it is of the first importance
that it remain in its own chreod and not be
pushed over a watershed into something
quite different, then the simplest plan
would be to make a very deep valley and
a narrow one. The objection to this is not
that its stability necessarity robs it of resil-
ience, but that it allows very little variation
among the individuals in a population
passing along it. One could say that it pro-
duces a great deal of turbulence in the
stream at the bottom. The social ideal
would seem to be to allow a great deal of
individual variation, in a maze of meander-
ing streams in a flat valley bottom, but at
the same time to have high watersheds on
each side to prevent the system’s being
flipped out of that chreod into some un-
known country.




perative, acting upon all material phen-
omena and maintaining a dynamic, ener-
gizing, as well as balancing, field. it is in
the context of a plenum or field we need to
approach the ordering of our planetary
and extraterrestrial spaces alike ».

And, strangely enough, C.H. Waddington
in his concluding remarks to the same
book is forced into the geographical met-
aphor which is the theme of this paper in
ordet to convey the complex notion of an
epigenetic landscape in relation to evolu-
tion.

The question of the underlying kinds of
metaphor through which the geographical
ordering of the world is understood has
recently been explored by Anne Buttimer
stresses the need for new metaphors at
this time {33).

There is a tantalizingly elusive relation-
ship between the metaphor and current
techniques for investigating and repres-
enting macrodynamics. This is itself inter-
preted in terms of catastrophe theory,
namely the theory of the transitions of at-
tractors (macrons) in a phase space,
which is the basis of the geometry of mac-

rons as it has developed so far (14). The
interesting question is what macron patt-
ems the mind chooses to recognize under
different circumstances. The ramifications
of this question are discussed else-
where (1), and it is interesting that the
same authors are cited by Erich Jantsch in
considering the archetypal implications of
the decomposition of a whole in relation,
to modes of learning, evoiution of con-
sciousness, and methods of inquiry (41).
For example von Franz, a Jungian scholar,
states of the time-bound qualities of the
first four numbers: «One comprises
wholeness, two divides, repeats, and en-
genders symmetries, three centers the
symmetries and initiates linear succes-
sion, four acts as a stabilizer by turning
back to the one as well as bringing forth
observables by creating boundaries, and
soon » (42, p. 74). Jantsch notes that it is
the transitions between these four basic
qualities that symbolise how a gestalt
system maintains its nature (to compre-
hension ?) in the presence of many temp-
tations to become formalized. And it is the
first step from one to two which consti-
tutes the « original sin » of formal division
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which, according to Pankow (43, p. 35),
« separates the two sides of complemen-
tarities and treats them as identities ».
He relates this to the work of Spencer
Brown (44) and concludes that « Therein
lies a formal justification for the uitimate
complementarity of the search without (in
the physicai world) and the search within
(in our own experience), for what we ap-
proach, in either case, from one side or the
other, is the common boundary between
them (Spencer Brown, p. XIX) » (41).
Such investigations suggest an intriguing
link between the ecosystem design ele-
ments of this paper and the traditional no-
tion of both Eastern and Western religious
disciplines concerning the importance for
the individual to cultivate an « inner spir-
itual garden ». Venturing further, one can
see the challenge to society of the collec-
tive re-creation of a « Garden of Eden », in
the sense of this paper, which goes bey-
ond that of simple metaphor, as a design
challenge to science and art intertwined.
Although, as A. Korzybski stressed, « the
map is not the territory », the territory we
know may certainly be construed as a very
powerful map.
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... Boaz-Jachin doubted that his father's
map would be of any use to him. He had
remembered it as large and beautiful.

Now he thought of it as small and
cramped, too neat, too calculated, toco
little cognizant of unknown places, of
the night places waiting beyond the day
places, of the somewheres dropping
from the open wombs of nowheres. He

... Against other people’s maps

felt lost as he had not done since being
with the lion.

‘Maps,’ he said softly. ‘A map is the dead
body of where you've been. A map is the
unborn baby of where you're going.

There are no maps. Maps are pictures of
what isn’t. | don’t want it

‘That's beautiful,’ said the girl. * “There
are no maps.” What don’t you want 2’

‘My father’s map,’ said Boaz-Jachin.
‘That’s good,’ said the girl. ‘Is it yours ?
Do you write ? It sounds like the begin-
ning of a poem : My father’'s map is...”
What is it ?’

‘His,” said Boaz-Jachin. ‘And he can
keep it

(Reproduced from : Russell Hoban. The
Lion of Boaz-Jachin and Jachin-Boaz.
London, Picador, 1974, p.121).
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Knowledge-Representation in a
Computer-Supported
Environment*

Judge, A. J. N.: Knowledge-representation in a
computer-supported environment,
In: Intern. Classificat. 4 (1977) No.2, p. 7681

Discussion of problems in knowledge handling
policy and indication of new software and hard-
ware possibilities especially those making use of
graphic representational devices. The necessity for
a more adequate knowledge representation is de-
montrated in 19 statements contrasting present
documentation and information analysis proce-
dures (as inadequate for current needs) with possi-
bilities of future methods and measures. Reference
is made to the consequent redefinition of relation-
ships between conventional knowledge handling
processes, if only in the special institutional settings
where this approach will most probably be adopt-
ed. (Author)

1. Pressing problems in knowledge handling policy

At a time when we are exposed to: a) a multitude of
documents in every specialized field of knowledge, b) a
multiplicity of often-unsuspected interconnections be-
tween the concerns of different specialities, and c) an
increasing need to interrelate the knowledge of seeming-
ly unrelated fields, we are having difficulty in: (i) pro-
ducing documents cheaply, (ii) distributing them widely,
rapidly and in sufficient languages, and (iii) organizing
the documentation centres, libraries and information
systems to handle them. The complexity of the knowl-
edge handling system is such that conceptual ambiguity
is the rule rather than the exception. At the same time
we are running short of the paper which permits us the
fuxury of our incredibly ineffective, document-oriented
system.

Furthermore, and more serious, the cumbersome
nature of the knowledge handling system effectively pre-
vents the maintenance of “thinking momentum” (2) on
any issue, whether for an individual or in group interac-
tion between researchers. Such disruption of innovation
is increasingly intolerable as well as dangerous because of
our dependence upon collective innovative and rapid re-
sponses to the many problem of society. The scholar’s
relaxed acceptance of extended delays (deriving from
the monastic tradition and the priorities of the gentle-
men-of-leisure who fathered many of the sciences) can
no longer set the standard for knowledge handling’.

The US National Science Foundation has invested
heavily over the past decade in abstracting and indexing

* Completely revised version of a paper which appeared in (1),
p. 229-233,

services for a range of disciplines. It recently summarized

the current state of affairs as follows:

“The world’s store of scientific and technical literature con-
tinues its exponential growth, with a corresponding diversifica-
tion of the uses to which it can be put. We may be nearing the
limits of what can be accomplished by printing, mailing, storing,
and retrieving pieces of paper.” (3)

This is not the place to detail the evidence in support
of this view. A significant practical example, however, is
the case of the United Nations. A former President of
the General Assembly remarked that “‘the United Na-
tions is drowning in its own words and suffocating in its
own documentation” (4). The UN Joint Inspection Unit
notes that “the point of saturation has now been reached
and indeed overstepped and that the law of diminishing
returns is taking over” (5). Their solution implemented,
however, is “to set once and for all, and strictly enforce,
a reasonable but drastically reduced ceiling to the vol-
ume of documentation its various bodies call for and its
services produce” (5). It can be urgued that such a re-
sponse to the problem is incredibly short-sighted in view
of mankind’s need for new knowledge and the right of
all to participate in the generation of that knowledge
and to receive the associated information. To reduce
severely the means of storing and disseminating such
knowledge within the world’s key organizational system,
without seeking a more appropriate complementary
medium, can only be counter-productive and unsatis-
factory. .

If some limit is being reached then the National Sci-
ence Foundation, continuing the above quotation, con-
siders that:

“effective communication will necessarily come fo depend
upon electronic means of handling information. In any case, for
significant improvements in the accessibility and usefulness of
the information handled we must look beyond paper-based
communications to a computer-sensible literature, stored in cen-
tral facilities for instantaneous presentation at remote terminals
anywhere. To create such a literature through the conversion of
printed literature would be slow, inefficient, and formidably ex-
pensive. For this reason, a goal for publication is to capture new
literature in computer-sensible form at its source.” (3)

The same document identifies other interrelated
goals:

— As in the case of publication, therefore, a goal for da-
ta banking is to capture new data compilations at
their source. .

— A goal for computer-sensible information resources is
to share them through a network of their holders.

— A goal for information searching is to provide the
needed capability through remote terminals which
individuals can use at their places of work.

— The process of electronic publication . . . would thus
be completed through the electronic analog of a
journal subscription. . . The same facilities could also
be employed for less formal exchanges of information
in computer-managed conferences, which have recent-
ly been found to have great value for group problem-
solving and for the coordination of activities.

— A goal for information use is to provide computer
assistance through the same terminal as is employed
to acquire the information.

As is noted below, the NSF is currently funding field
experiments amongst groups of scientists. As has been
noted elsewhere (6), it is difficult to convey the nature
of the communication process in this new computer-sup-



ported, paper-less environment. “Most of our intuitions
about face-to-face interaction simply do not apply to
this new and unusual form of communication. . . it is
not surprising that computer conferencing might actual-
1y establish an altered state of communication in which
the realities of fact-to-face communication are distorted
and entirely new patterns of interaction emerge” (6).
Some impression of the significance of existing applica-
tions may be gained from the following section. A major
investment in creating and experimenting with such en-
vironments has been made over the past decade through
the ARPANET at the Center for Augmenting Human
Intellect, Stanford Research Institute (7, 8, 9).

2. Sofiware and Hardware

It is much to be regretted that those who have an undes-
standing of the existing, and increasingly available, com-
puter hardware and peripheral equipment are rarely able
to envisage innovative uses for that equipment outside
certain specialized sectors of engineering and fundamen-
tal defence research.

Consequently, when such equipment is used else-
where, the applications do not constitute breakthroughs
in the ability to respond flexibly to relationship com-
plexity and inter-sectoral contact, but only a greater
ability to handle the increasing quantities of data within
a predefined sector. This lack is matched for those in
those sectors, which could benefit immediately from a
wide variety of innovative though relatively simple appli-
cations, but who are unaware of the possibilities.

It is impossible to explore adequately in this context
the significance of these devices and applications for
classification-related questions. Some possibilities can
however be indicated (7).

1. Computer graphics devices (CRT displays). These
are now familiar to many, if only at airline reservation
desks. What is much less well-known is the form of this
device which can handle not only lines of text but can
also display highly complex relationship networks (such
as arrow diagrams) whether in two or three dimensions
with many possibilities for assisting the user in the ex-
ploration, comprehension and re-representation of such
(concept) networks for comprehension by others inter-
ested in alternative or simplified displays. Very complex
domains may be represented on displays of several hun-
dred colours®.

2. Graph plotters. Complex relationship charts of up
to several square meters in size may be drawn, with
several colours, under computer control on the basis of
data selected by the user (possibly after viewing a dis-
play of successive parts of it with the previous device).
The significance of a knowledge user or institution being
able to obtain and represent the structure of a knowl-
edge domain in this way remains to be appreciated (7).

3. Computer-assisted structure elucidation. Programs
are now in use for the interactive exploration by chem-
ists of possible molecular structures in the light of in-
ferred structural fragments and various constraints {12,
13). The approach bears many similarities to an applica-
tion which should be available to users wishing to ex-
plore concept structures (e.g. in association with the pro-
posal of the Committee on Conceptual and Terminologi-
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cal Analysis, and Unesco’s current Interconcept program
(10, 14).

4. Computer-conferencing. The US National Science
Foundation is now investigating the consequences of
providing computer terminals to individuals who are
members of geographically dispersed “invisible colleges”
(3). The scholars so linked, whether in one or more
countries, can exchange, store and comment on informa-
tion according to an evolving agenda. Such applications
may include those mentioned above. To date however
the structures of the ‘“‘agendas” governing the relation-
ship between the items chosen for a particular computer-
conference are of the simple hierarchical variety. How-
ever, the computer does facilitate linking and sequencing
keywords in the series of interventions constituting the
transcript of a conference so that such associative net-
works may be explored in a manner somewhat similar to
citation analysis. The significance of being able to use
such an environment to facilitate interaction in relation
to a complex evolving network of concepts, and to use
the environment to explore and experimentally re-struc-
ture collectively such a network, remains to be appre-
ciated — particularly with regard to interdisciplinary and
intersectoral communication”.

3. Knowledge representation

The previous section indicates a breakthrough in terms
of hardware in support of a new knowledge-handling en-
vironment and the NSF initiative indicates that this is
being very seriously explored. What is still not appreciat-
ed apparently, is the significance in such an environment
of the decomposition of the “texts” of a particular auth-
or into sentences or even words. The computer permits
this (by the very nature of its operation) and facilitates
any recombination of his statements into new configura-
tions (perhaps blended with those of his colleagues).
This is important for concept analysis (14, 15, 17).

A stage is therefore reached in which a given text is
treated by the computer as a network of key words em-
bedded in a field of explanatory comments. The struc-
ture of the network bears an iconic relationship to the
knowledge it represents. Knowledge innovation is more
and more closely represented by the changes to the
structure and content of that network. The explanatory
and introductory comment, which constitutes the great
bulk of any text is only of secondary significance and
can be stripped away, given a much lower handling pri-
ority,or reprocessed into a more compact and compre-
hensible form by communication and education special-
ists. Soergel, in discussing the possibility of an automat-
ed encyclopedia, discusses this point (18) with a quota-
tion from Bohnert et al (19):

*“An increase in accessibility without a corresponding increase
in human assimilation rate will be self-defeating. . . Often one
needs to know only a central idea, result, theorem, or the meth-
ods employed, with bibliographical information for later refer-

ence, but finds that a short course in unneeded detail is required
to get to it.”

Little attention has been given to this problem of
assimilation, other than a heightened emphasis on
“speed reading”. It would seem that much is to be
gained by looking at the ability of the graphics devices
discussed above to provide structured diagrams and dis-
plays in which a deliberate attempt is made to use inter-
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face programs (possibly selected according to the presen-
tation preference of the user) to provide a high degree of
iconicity. Relationship structures as displayed should
bear a strong relationship to the relationship between
the knowledge structure which has to be absorbed as a
gestalt for learning to take place (20).

In parallel columns below, an attempt is made to
clarify the distinction between a hypothetical knowl-
edge-oriented system, now technically feasible, and the
current approach. The intention is not to imply that the
former should replace the latter but rather to show that
the former offers various means of avoiding some of the
key problems faced by the latter — the two are however
complementary. The distinction is basically between
integration or fragmentation in the handling of informa-

tion.

{-a) PRESENT : Document/Information System

fa) Index tends to be based on simple hierarchy or al-
phabetic listing of subject, author and title, which can be
handled on catalogue cards. Budgetary constraints usual-
ly prevent widespread introduction of sophisticated clas-
sification and cross-referencing techniques.

2a) Users want rapid access to documents; the index is a
temporary inconvenience to gain access to a document.

3a) Access to knowledge via documents means multiple
reproduction and transfer of documents to a variety of
libraries where they may or may not be used.

4a) Out-of-date, rejected, low quality, false, old docu-
ments are retained in the system and indexed with no
index indication of their status.

5a) Only the knowledge held in the documents physical-
ly available at that location is accessible. The index fre-
quently only indicates the documents held in the docu-
mentation centre in question.

6a) Research is conducted primarily using documents,
notes and file cards as a stimulus to creativity.

(-b) FUTURE : Knowledge-representation System

1b) “Index” constitutes a complex network giving a re-
presentation of entities and relationships and the dynam-
ics of any points under debate. This complexity can only
be handled by multidimensional computer techniques.
Cross-references are necessarily inserted by the author to
define the location of his innovation. Others may be in-
serted automatically, optionally, or experimentally by
computer.

2b) Users want rapid access to the “network index”
which represents the needed items of knowledge and
their relationships; documents are a temporary incon-
venience only used if it is necessary to re-examine data
and detailed arguments justifying the entities and rela-
tionships incorporated, (Document access is a secondary
pro(l;l)em for which a documentation system may be
used.

3b} Access to knowledge is direct and does not require
reproduction and transfer of documents. (Only one copy
of the document justifying the amendment need exist on
microfiche so that copies need only be prepared when
the data and arguments must be re-examined in detail.)

4b) Out-of-date, rejected, false, etc. entities or relation-
ships may be eliminated from the system by listing them
on paper, microfilm, or other ‘“documents’ with the
bibliographical source from which they were obtained
(ie they are available if required but do not clog the
system).

5b) All knowledge is on-line, although the supporting

Zolzuments may not be physically accessible without
elay.

6b) Research is conducted primarily using the knowk
edge-representation structure (i.e. the graphical represen-
tation) as a stimulus to creativity. Private and tentative
amendments can be made experimentally, shared elec-
tronically with selected colleagues, and then destroyed,
stored or released electronically to a wider audience, The
authors “notes and file cards” can be effectively integra-
ted into the system to facilitate his thinking processes.



7a) Different styles of documents are produced on the
same topic for research, education, public information
and propaganda, program management, policy making,
etc., purposes. The same material is repeated, with some
extensions and some omissions, for each audience. This
leads to a *‘spastic” or “aphasic™ response to new situa-
tions, by different portions of society due to delays in
production of the documents for different audiences and
to significant variations in the importance given by the
authors to different items of information.

8a) Each new document must carry a lot of verbal
packaging to explain and define the context within
which innovative elements are introduced. Such con-
textual material is repeated by each author concerned
with that domain of knowledge. There is no guarantee
that the rephrasing of earlier arguments (necessary for
status and copyright reasons) will constitute an improve-
ment facilitating greater comprehension (rather than in-
hibiting it).

9a) Articles retain permanently their total length and
degree of encumbrance to the document system.

10a) Alternative concepts or contradictory evidence
published elsewhere can be conveniently ignored in a
document or textbook — particularly where the counter
argument comes from another discipline (or a school of
thought publishing in a different language). The risk of
explicit published criticism is low in many fields, there-
fore the degree of support for (or criticism of) any par-
ticular element in a document remains unclear.

11a) Interdisciplinary links are ignored if the author
has no interest in them. As a result there is no built-in
process within the documentation system which encour-
ages integrative studies to counter-balance the further
fragmentation of knowledge. Integrative studies have
low status, being equated with educational texts, general
reviews and journalism.
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7b) The entities and relationships entered on the basis
of research insights are also used for other purposes, In-
stead of producing different documents and reprocessing
the insights, different identified ‘filters” are used in pre-
senting or displaying the entities and relationships to
different audiences. In this way, each new research in-
sight is immediately incorporated into each other form
of knowledge-representation; each portion of society
works from the same data base. (Problems registered by
non-research bodies are immediately evident as a chal-
lenge to research.) In this way if an element of knowl-
edge represented cannot be understood, the user merely
calls for a new method of representation (of the same
knowledge) possibly using isomorphs (or even analogies)
from a domain with which he is familiar. (At any point
he can move into a programmed learning mode and be
instructed with simpler representations or work from an
area of knowledge with which he is familiar. )

8b) The author need only enter the specific entities or
relationships which constitute his innovation. {Since the
academic’s status is bound up with his specific modifice-
tions to the knowledge structure and not the verbaliza-
tions held in a documerit, the problem of adequate ver
balization may be handled separately. Hopefully a limit-
ed number of skilled verbal presentations, from a mini-
mum number of different perspectives and literary
styles, could be constantly updated by professiongl writ-
ers using the best verbal arguments by any appropriate
academic or communicator.)
9b) Articles may retain their full length only for a
period of days before being shortened or stripped (by
computer) of explanatory matter and represented as a

netw‘oirk of concepts — or simply stored on microfilm or
erased.

10b) Alternative concepts, relationships or contradict-
ing evidence are imnediately forced on one’s attention —
even in the case of relationships linking to other disci-
plines. The degree of support for {or criticism of) any
particular element is clearly evident. Members of quali-
fied professions may ‘vote” on particular amendments
to the knowledge structure which is their concern.

11b) Interdisciplinary links are already held in position
whether the author wants to ignore them or not. Inte-
gration of isolated items of knowledge into higher orders
of synthesis is facilitated and may be undertaken expert-
mentally, selectively and largely by computer program
(searches may be made for various degrees of isomorph-
ism between concept structures in different domains).
Integrative innovations acquire a high status as a means
of comprehending wide domains of knowledge and con-
trolling the associated information.



12a) The documentation system does not permit pano-
ramic summary of any permanent representation of
knowledge in a particular domain.

Each verbal summary extant at a particular moment
is under criticism and subject to reserves from different
schools of thought within the discipline or in other disci-
plines. In this important respect a document arising from
a single group of authors can never contain the totality of
views in 3 domain of knowledge. Only the non-concre-
tized interaction between a succession of documents
approximates to it. These invisible qualifiers on any
document are a feature of the “collective mentality” of
the members of the discipline. The knowledge of the
discipline at any moment is very much in (and between)
the minds of its members rather than on paper or in a
row of books.

The forum of academic debate is concretized in a
scattering of journal articles and other documents. There
is little interaction between the journals but the debate
is somewhat summarized in the various collections of ab-
stracts in which the contents index gives some indication
of the interventions on related topics.

13a) Thinking momentum is constantly interrupted
when access to new documents is required. (Long delays,
2-3 months, are normal; 50 months or more from initia-
tion of research to appearance in abstracts.)

14a) Author has “published” when document is in circu-
lation and “available”; index entries are of little signifi-
cance to the author. Texts must be at least several pages
in length before they are considered ‘‘documents”
worthy of registration in an information system. The
documentation system is embarrassed when faced with
obtaining “‘ephemeral” or “phantom” material which
has not been made commercially available through the
normal publishing channels.

15a) Author’s status, credibility, pride and interest are
primarily associated with visible documents on library
shelves and only secondarily with the research commu-
nity’s collective judgment on their value. The documen-
tation problem is aggravated by the “publish or perish”
code which governs much of academic life. Unless an
academic produces a document he is “invisible” and

loses status.

16a) The key figures in a discipline and the relation-
ships between their spheres of influence are unclear.

12b) Each entity link and qualification is indicated in
the knowledge-representation system. In effect one
“layer” of the “collective mentality” of a discipline is
rendered visible. Each modification to knowledge in the
domain can be entered on an hour-by-hour basis.

The knowledge-representation system constitutes a
“thinking forum” in which the juxtaposition of relevant
ideas from all sources is maximized. The researcher can
expose himself to a pattern of theoretical formulations
in the process of being continually improved, and to
which he can contribute. Concepts and relationships can
be ‘‘registered” by postcard, but more dynamic possibili-
ties are increasingly available. A dozen or more special-
ists in a particular field (the “invisible college’’ for that
topic) can contribute simultaneously to work on ideas
being written on one “mental note pad” via electronic
dialogue support systems which help them to respond to
each other’s ideas (even if they are a continent apart)
with a rapidity that allows each of them to maintain
thinking momentum.

13b) Thinking momentum is maintained since the es-
sence of any new domain of knowledge is always acces-
sible — all the links and entities are there {delays are
measured in seconds for data links).

(This mode of operation should be compared with
some discussions between academics interested in the
same topic in which progress is frustrated because if
someone thinks of a good idea he wants to “publish” it
(to gain credit) before contributing to the thinking mo-
mentum of his colleagues — this may mean a delay of
months.)

14b) Author has “published” when the appropriate
knowledge structure in the “index” has been modified,
incorporation in ‘‘index” {through a terminal) is of high-
est priority for the author. Acceptable amendments to
the knowledge structure can be as little as a single line of
text in length, or simply the indication of a relationship
between existing, but hitherto unrelated, items of
knowledge. Even in the course of rapid change to the
knowledge structure the paternity of each emerging for-
mulation is identified and registered (if the author so
desires).

15b) Author’s status, credibility, pride and interest are
associated with the visible entities and links in the graph-
ic representation accessible to all. By switching emphasis
to the specific entities and relationships which the aca-
demic has formulated, successfully confirmed or criti-
cized — his status is determined by the bonds and enti-
ties with which he is associated. Each of his contribu-
tions is “visible” until it is superseded. They are not

subject to the vagaries of document distribution patterns
and the journal referee system.

16b) The “luminaries” in a particular discipline are all
visible together with the relationships between their
spheres of influence.
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17a) The direction of research is governed in part by
shifting fashions of credibility, status and politically-
determined funding (e.g. “environment”, “resources’’,
“population™) which obscure the basic knowledge struc-
ture. This is only partly evident in print but is con-
trolled by an ongoing informal dialogue centred upon
the elders of the discipline who legitimate consideration
of particular entities and relationships.

18a) The world’s publishing and purchasing capacity,
and the consequent necessity for the journal referee
system and increasing costs, limits arbitrarily (and in
many cases inequitably) the number and variety of view-
points which can be expressed on any subject. The
nature of the referee system leads to an inhibition of
innovation.

19a) Considerable intellectual, administrative and tech-
nical investments are made in achieving a unified stand-
ard of classification and description which determine the
structural specifications of information systems. Rela-
tionships between different standardized schemes of
this type are not facilitated nor are experiments with
amendments or alternatives to any particular scheme.

17b) It is quite evident which issues are currently under
debate and the manner in which the demise of a set of
entities and relationships will weaken the status of a
whole set of dependent elements. Current fashions
would not obscure the basic knowledge structure. Ideal-
ly the system would also act as a continually updated
voting board for each element, providing an opportunity
for members of the profession to indicate their approval,
whilst at the same time providing an appropriate focus
for counter-arguments and alternatives.

18b) The reduction of the volume of text required to
“carry’ any conceptual innovation, and the integration
of the referee and editorial system at the computer level
permits a greater number and variety of viewpoints and
more subtle and equitable mechanisms for the expres-
sion of peer-group support or criticism.

19b) The information is handled in a very flexible for-
mat. A choice may be made at any time between a
variety of classification schemes. Some of these may be
universal schemes, others may be specialized, and others
may be experimentally employed by the user. Consider-
able use is made of computer power to switch between
classification schemes and to restructure them (tenta-
tively) in the light of new insights and relationship
coding schemes.

4. Conclusion

The above section attemps to give an understanding of
the special characteristics of the knowledge-handling
environment which will be increasingly accessible, if
only to those in privileged institutions. For whilst there
are few technical and economic constraints to prevent
such an environment becoming widely accessible, it is
probable that this will be obstructed by socio-political

factors, including recognition of vulnerability to abuse
and government control. On the other hand, there is
some probability that government agencies will come to
favour and promote the widespread existence of such a
system as permitting a sophisticated improvement over
telephone surveillance of intellectuals and social change
agents.

Whatever the general outcome, it is highly probable
that such environments will be developed for creative
thinkers in key research disciplines and policy environ-
ments and for the conferences and institutions in which
they interact. The key to the attractiveness for them of
such (micro)environments is the manner in which the
processes of thinking and communication are blended
with those of storage, retrieval, classification and reclas-
sification. In fact it is the intimate relationship between
shared creative thinking and exploratory integrative
reclassification in the light of new insights which is the
chief feature of such environments. Of special interest is
the manner in which the processes of analysis, conceptu-
al innovation (and its verbal representation), explanatory
comment, linkage to related initiatives, abstracting, clas-
sification, dissemination, and peer-group assessment ef-
fectively blur together into a new and more dynamic
process whose nature remains to be explored and for
which the current division of labour is inadequate.

It is unlikely that any encyclopedic system based on
large amounts of textual information will be as practi-
cal or significant as the dynamic, multi-perspective,
participative system outlined here — although there may
be points of contact between the two approaches.

It is interesting that the right note was sounded by
the US National Academy of Sciences Committee on
Scientific and Technical Communication (SATCOM) in
1969 when it was stated that: “More exciting than re-
trieval of information from a static store is evolutionary
indexing, in which user’s modifications, restructuring
and critical commentaries steadily improve the initial
indexing. . .” ’

The challenge for those active in the field of classifi-
cation will be to provide their proposed schemes or
amendments as computer program packages or optional
modules which can be easily employed in such environ-
ments in order for the user to be able to restructure
(possibly only temporarily) the data base with which he
is working to perceive it in an alternative light. Hopeful-
ly this would lead to improvements in the ability to clas-
sify and enhance comprehension of inter- and trans-disci-
plinary concepts (21, 22,23).

Notes

1 The author had the experience in 1970 of having to wait
seven months for an in-print publication ordered from Bel-
gium by telephone and telex (and a personal visit to the dis-
tributor in the USA). Its title: Foundations of Access to
Knowledge.

2 Further comments on the use of graphics devices are made in
the appendices to the publication listed under (11), itself an
experiment to set up a large data base on which the use of
such devices could be tested. See also the book review of this
work in this issue, p. 114,

3 For further details on computer conferencing and a biblio-
graphy see (16).
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