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16. change the speed at which the magnification from the viewport is modified
as a particular structure is rotated.

17. simulate the consequences of various changes int;oduced by the user in terms
of his conditions. This is particularly useful for cybernetic displays.

18. perform various topological analyses on particular parts of the network and
display the results in a secondary viewport (e.g., the user might point a
light-pen at an entity and request its centrality or request an indication
of the interconnectedness of a particular domain delimited with the light
pen.) 0

In every current use of interactive graphics there is some notion of geometry
and space, but the geometry is always the three-dimensional conventional space.
There is no reason why "non-physical spaces" should not be displayed instead ­
and this is the domain of topology. The argument has been developed by Dean
Brown and Joan Lewis(1).

"Both geometry and topology deal with the notion of space, but geometry's
preoccupation with shapes and measure is replaced in topology by more
abstract, less restrictive ideas of the qualities of things •.• Being more
abstract and less insistent on fine points such assize, topology gives a
richer formalism to adapt as a tool for the contemplation of ideas .•••

Concepts can be viewed as manifolds in the multidimensional variate space
spanned by the parameters describing the situation. If a correspondence is
established that represents our incomplete knowledge by altitude functions,
we can seek the terrae incognitae, plateaus, enclaves of knowledge, cusps,
peaks, and saddles by a conceptual photogrammetry. Exploring the face of a
new concept would be comparable to exploring the topography of the back of
the moon. Commonly heard remarks such as "Now I'm beginning to get the
picture" are perhaps an indication that these processes already play an
unsuspected role in conceptualization ..•• .
By sketching tentative three-dimensional perspectives on the screen and
"rotating them on the tips of his fingers", one internalizes ideas non­
verbally and acquires a sensation of sailing through structures of concepts
much as a cosmonaut sailing through constellations of stars.

Such new ways of creating representotions break ingrained thought patterns and
force re-examination of preconceived notions. A mapping is a correspon­
dence is "an.analogy. Teaching by analogy," always a fertile device, can be
carried out beautifully by topological means ••.. Topological techniques are
useful at even the most advanced levels of scientific conceptualization ...• "

The fundamental importance of interactive graphics, in whatever form, is its
ability to facilitate understanding.- Progress in understanding is made through
the development of mental models or symbolic notati~ns that permit a simple
representation of a mass of complexities not previously understood. There is
nothing new in the use of models to represent psycho-social abstractions. Jay

(1) Brown, Dean and Lewis, Joan. The process of conceptualization; some funda­
mental principles of learning useful in teaching with or without the parti­
cipation of computers. Educational Policy Research Center, Stanford Research
Institute, Menlo Park, California. p. 16-18
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Forrester(1), making this same point with respect to social systems, states

"Every person in his private life and in his community life uses models
for decision making. The mental image of the world around one, carried
in each individual's head, is a model. One does not have a family, a
business, a city. a government, or a country in his head. He has only
selected concepts and relationships which he uses to represent the real
system. The human mind selects a few perceptions, which may be right
or wrong, and uses them as a description of the world around us. On the
basis of these assumptions a person estimates the system behaviour that
he believes is implied ••.. The human mind is excellent in its ability to
observe the elementary forces and actions of which a system is composed.
The human mind is effective in identifying the structure into which
separate scraps of information can be fitted. But when the pieces of
the system have been assembled. the mind is nearly useless for anticipa­
ting the dynamic behaviour that the system implies. Here the computer
is ideal. It will trace the interactions of any specified set of
relationships without doubt or error. The mental model is fuzzy. It is
incomplete. It is imprecisely stated. Furthermore, even within one
individual. the mental model changes with time and with the flow of con­
versation. The human mind assembles a few relationships to fit the
context of a discussion. As the subject shifts. so does the model.
Even as a single topic is being discussed. each participant in a conver­
sation is using a different mental model through which to interpret the
subject. And it is not surprising that consensus leads to actions which
produce unintended results. Fundamental assumptions differ but are
never brought out into the open."

These structured models have to be applied to any serially ordered data in card
files. computer printout or reference books to make sense of that data. Is
there any reason why these invisible structural models should not be made
visible to clarify differences and build a more comprehensive visible model?
The greater the complexity. however. the more difficult it is to'use mental
models. For example. in discussing his examination of an electronic circuit
diagram. Ivan Sutherland writes(2):

"Unfortunately. my abstract model tends to fade out when I get a circuit
that is a little bit too complex. I can't remember what is happening in
one place long enough to see what is going to happen somewhere else. My
model 'evaporates. If I could somehow represent that abstract model in
the computer to see a circuit in animation. my abstraction wouldn't
evaporate. I could take the vague notion that "fades out at the edges"
and solidify it. I could analyze bigger circuits. In all field~ there
are such abstractions. We haven~t yet made any use of the computer's
capability to "firm up" these abstractions. The scientist of today is
limited by his pencil and paper and mind. He can draw abstractions. or
he can think about them. If he draws them, they will be static. and if
he just visualizes them they won't have very good mathematical properties
and will fade out. With a computer. we could give him a great deal more.
We could give him drawings that move. drawings in three or four dimensions
which he can rotate. and drawlngs with great mathematical accuracy. We
could let him work with them in a way that he has never been able to do

(1) Jay Forrester. World Dynamics. Cambridge.Mass. Wright-Allen. 1971. p.14-15.

(2) Computer graphics. Datamation, May 1966, p.22-27.
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before. I think that really big gains in the substantive scientific
areas are going to come when somebody invents new abstractions which can
only be represented in computer graphical form""

IMPLICATIONS OF COMPUTER AUGMENTATION OF INTELLECT

There are important intellectual implications emerging from work on advanced
computer systems. Of particular interest is the work of Douglas Engelbart's
team at the Center for Augmentation of Human Intellect (Stanford Research
Institute) which is the centre for the U.S. ARPA Data Network (which links the
computers of major universities in the U.S.A.). Engelbart has worked on the
means of creating an intellectual workshop to facilitate interaction between
conceptual structures(1). He considers that

"Concepts seem to be structurable. in that a new concept can be composed
of an organization of established concepts and that a concept structure
is something which we might try to develop on paper for ourselves or work
wi~h by conscious thought processes. or as something which we try to com­
municate to one another in serious discussion •... A given structure of
concepts can be represented by any of an infinite number of different
symbol structures. some of which would be much better than others for
enabling the human perceptual and cognitive apparatus to search out and
comprehend the conceptual matter of significance and/or interest to the
human.

But it is not only the form of a symbol structure that is important.
A problem solver is involved in a stream of conceptual activity whose
course serves his mental needs of the moment. The sequence and nature
of these needs are quite variable. and yet for each need he may benefit
significantly from a form of symbol structuring that is uniquely efficient
for that need.

Therefore. besides the forms of symbol structures that can ~e constructed
and portrayed. we are very much concerned with the speed and flexibility
with which one form can be transformed into another. and with which new
material can be located and portrayed.

We are generally used to thinking of our symbol structures as a pattern of
marks on a sheet of paper. When we want a different symbol-structure
view. we think of shifting our point of attention on the sheet. or moving
a new sheet into position.

With a computer manipulating our symbols and generating their portrayals
to us on a display. we no longer need think of our looking at the symbol
structure which is stored--as we think of looking at the symbol structures
stored in notebooks. memos. and books. What the computer actually stores
need be none of our concern. assuming that it caIT portray symbol structures
to us that are consistent with the form in which we think our information
is structured.

A given concept structure can be represented with a symbol structure that
is completely compatible with the computer's internal way of handling
symbols. with all sorts of characteristics and relationships given explicit
identifications that the user may never directly see. In fact. this struc-

(1) The following extracts are from
Engelbart. D.C.. Augmenting Human Intellect; a conceptual framework.
Menlo Park. Stanford Research Institute. 1962. p. 34-37 (AFOSR-3223)
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turing has immensely greater potential for accurately mapping a complex
concept structure than does a structure an individual would find ~t prac­
tical to construct or use on paper.

The computer can transform back and forth between the two-dimensional
portrayal on the screen. of some limited view of the total structure. and
the aspect of the n-dimensional internal image that represents this "view".
If the human adds to or modifies such a "view". the computer integrates
the change into the internal-image symbol structure (in terms of the
compyter's favored symbols and structuring) and thereby automatically
detects a certain proportion of his possible conceptual inconsistencies.

Thus. inside this instrument (the computer) there is an internal-image.
computer-symbol structure whose convolutions and multi-dimensionality we
can learn to shape to represent to hitherto unattainable accuracy the con­
cept structure we might be building or working with. This internal
structure may have a form that is nearly incomprehensible to the direct
inspection of a human (except in minute chunks)".

These insights have been incorporated into the design of an op~rational computer
system which is now being developed so that it will be possible to use computer

-deVices as a sort of

"electronic vehicle with which one could drive around with extraordinary
freedom through the information domain. Imagine driving a car through a
landscape which. instead of buildings. roads. and trees. had groves of
facts. structures of ideas. and so on. relevant to your professional
interests? But this information landscape is a remarkably organized one;
not only can you drive around a grove of certain arranged facts. and look
at it from many aspects. you have the capability of totally reorganizing
that grove almostinstantaneo'-lsly. You could put a road right through the
center of it. under it. or over it. giving you, say, a bird's eye view of
how its components might be arranged for your greater usefulness and ease
of comprehension. This vehicle gives you a flexible method for separating,
as it were, the woods from the trees."(1)

Clearly some possibilities of this system could be used to explore the concept
structures resulting from this project.

RELATIONSHIP TO ARTIFICIAL INTELLIGENCE PROJECTS

In considering lhe possibility of coding definitions of concepts. propositions
and like entities, it is important to benefit as much as possible from related
work on artificial intelligence. and possibly pattern recognition. Artificial
intelligence projects to simu'late human personality or belief systems have had
to develop methods and computer techniques which can handle and interrelate
entities such as concepts and propositions. Clearly the object of such projects
is not attained once an inventory of entities can be examined, even if it is
highly structured in the form of a thesaurus. It is therefore interesting to
look at both the techniques used to handle concepts and the types of computer-

(1)Lundgren, Nilo. Toward the decentralized intellectual workshop. Innovation (New York),
1971
See also: Engelbart, D.C. Intellectual implications of multi-access computer networks.
Menlo Park. Stanford Research Institute, 1970. (Conference paper).
For dialogue implications, see U.S.A. National Academy of Sciences Committee on
Scientific and Technical Communication (SATCOM), in 1969, that: "More exciting than
retrieval of information from a static store is evolutionary indexing, in which
user's additions, modifications. restructuring, and critical commentaries steadily
improve the initial indexing•.• " National Science Foundation funding of investiga­
tion into.this approach was recommended.

I
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based interrogations that are then possible(1).
.

The suggestion that techniques of handling individuals' "beliefs'" should have
some parallel to a community of scholars' attitudes towards the concepts,
propositions, etc., which constitute its territory, may appear somewhat pro­
vocative. Does a school of thought constitute a belief system?

T.S. Kuhn (2) uses the terms "belief", "metaphysic", "commitment", and "conver­
sion" in connection with a scientific community's attitude towards a paradigm and
paradigm change. It might be useful for disciplines to examine their own
conceptual structures in the same way as an aid to the development of the
discipline. It could be particularly import~nt as a means of highlighting
tensions within the conceptual structures which lead up to Kuhn's paradigmatic
changes.

This approach suggests a number of stages of sophistication in the possible
development of this project.

1. A static inventory of concepts and propositions.
2. A static network of interrelated concepts and propositions
3. "Activation" of propositions as rules governing the relationships

between entities
4. Treatment of a school of thought as a belief system
5. Extension to natural language interaction

On this last point, it may be possible to allow a (non-computer-oriented)
specialist in a particular field to "dialogue" with the concept data base to
permit him to discover and indicate ,vhere he differs from its contents and what
new he thinks should be included(3). This approach might be a useful method
of getting around the behavioural problems associated with the power position of
official classifiers in committees.

It may eventually be possible to have many such people interacting in natural
language with the data base via terminals to facilitate communication (e.g., at
a special seminar).

(1J L. terl~r. H. Ene~and K.M~ Colby.~ "A ~irect8d graph representation for com­
puter simulation of belief systems." Mathematical Biosciences. 2. 1/2. Feb.
68. 19-40
K.M. Colby. L. Tesler. H. Enea. "Experiments with a Search Algorithm on the
Data Base of a Human Belief Structure." Stanford University. Artificial
Intelligence Project. 1969, (Memo AI-94).

John C. Loehlin. Computer Models of Personality. New York. Random House. 1968

K.M. Colby and D.C. Smith. "Dialogue Between Humans and an Artificial Belief
System". Stanford University. Artificial Intelligence Project. 1969. (Memo
AI-871

(2) T.S. Kuhn. The Structure of Scientific Revolutions. Chicago. University
of Chicago Press. 1962.

(3) See: K.M. Colby and H. Enea. Heuristic method for computer understanding of
natural language in context-restricted on-time di~logue. Mathematical
Biosciences, 1.1-25. 1967.
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OTHER INITIATIVES

1. Concept coding schemes

There have been many attempts at isolating and classifying elements of
meaning at the root of complex concepts. De Grolier(1) notes that methods
and the need for them have been regularly discovered and rediscovered since
the time of Leibniz or even earlier. He then states: "We draw attention
to these 'anteriorities'. not in order to underrate the work performed by
the various researchers or teams of researchers - who. in most cases. truly
believed that they had discovered a 'new method' - but to persuade them.
rather than to advocate unilaterally anyone 'exclusive' process. to agree
that they are all engaged in work on common basic principles. whatever may
be the differences (at times very minor) in the coding method or the
particular type ofmachin~ adopted.~

De Grolier has summarized the work on classification around the world but
only a few initiatives seem to be directly related to this project.
Ueually the work has been directed towards solving a classification problem
in some particular field. which strongly influences the design of the scheme.
The follOWing. noted by de Grolier. are of more direct relevance:

1.1 Perry and Kent (Western Reserve University)
Developed a coding method for the field of metallurgy based on 'semantic
analysis' of complex terms into 'individual terms'. 30.000 terms were
assembled from a variety of sources. The notation is however very
cumbersome.

1.2 S.M. Newman (U.S. Patent Office)
A "vast attempt at. defining or redefining concepts. which could perhaps
be entitled - to paraphrase a famous title - 'In search of lost
simplicity': to discover or rediscover non-equivocal terms beyond the
complications of natural language. which 'unfortunately' does not have
"uniform or logical rules for the denomination of devices or things".
In effect this is an attempt at creating a metalanguage - but again
results in a cumbersome notation.

1.3 C.G. Smith (U.S. Patent Office)
Suggested a~ystem which would isolate "ultimate concepts •••• required in
the definition of more specific concepts ..•• There is a basic layer of
concepts which do not require definition. It is the use of such
elemental concepts which is contemplated in the present system...• A
fundamental feature is to seek beneath composite words the basic
organization of elemental concepts which they repre~ent. and to develop
ihe essential combination for the definition of these words."(2) This
was .conceived mainly for patentable contrjvances on the US Patent Office
Interrelated Logic Accumulating Scanner. it aoes however permit chains
of related concepts to be handled.

1.4 Cordonnier
Worked on methods "to symbolize the elementary points of view of the

(1) Eric de Grolier. A Study of General Categories applicable to Classification
and Coding in Documentation. Paris. UNESCO, 1963.

(2) C.G. Smith. Descriptive documentation. Internatio~al Conference on Scientific
Information, 1958; Proceedings. Washington, National Academy of Sciences,
1959. p. 1103.

~.
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classification of ideas and •••• to study the grouping of these symbols
in order to obtain composite symbols r8presenting the structure of
complex concepts". He also suggests that "intuition permits the
representation in an intellectual space of a logical figure, to n dimen­
sions, a synthesis of the relationships between a group of ideas into
the different classes which arrange them naturally according to the
various possible individual viewpoints". .

1.5 M.E. Stevens
Wqrked on use of computers to handle interrelationships between terms
and to 'define', by supplying the generic and descriptive terms related
to the term of which the definition is sought; 'develop', by furnishing
specific examples of a generic term; 'localize', by indicating the
place which can be associated with the proposed concept; 'match', by
comparing several proposed terms together, in order to find a 'common
point' making it possible to relate to these terms another term
possessing the same characteristic; and carry out other logical opera­
tions.(1)

2. The ADMINS system

Work has been in progress for some years at the M.I.T. Center for Interna­
tional Studies on the development of very general systems for time shared
computer data management(2). An item of data is treated as a sequence of
categories of information in ~-adic relations applied to a specific entity.
N-adic data descriptions for social science propositional inventories are
noted as being quite complicated, e.g. 'violence' is 'power' over 'power'
over 'well-being'.

The ADMINS system makes use of a "calculus of relations" for stating the
derivation of a new relation that draws on those already existing, and which
yields a new relational record between particular entities. It is in the
structuring of the programming language around the relational record and in
achieving intimate interaction with many storage levels that this system
differs from most procedure languages.

3. Citation indexing

The citation indexing method described by Eugene Garfield (and implemented
in the form-of the Science Citation Index and the recently initiated Social
Science Citation Index) is of great interest to this project if the focus

(1) Mary E. Stevens. A machine model of recall. Paris. UNESCO, NS/ICIP/J.5.4,
1959. See also: T. Kilburn, R.L. Grimsdale and F.H. Summer. Experiments
in machine learning and thinking. Paris. UNESCO. NS/ICIP/5/6/15. 1959.

(2) Stuart D. McIntosh and D.M. Griffel. The requirements for a computer-based
information,system. M.I.T., Center for International Studies, 1968.
(c/68-14c). 82 p.
- Computers and categorization (Paper presented to the Classification Research

Conference, Bangelore, 1969). M.I.T •• Center for International Studies,
1969 (C/69-28), 41 p.
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on documents can be replaced by a focus on concepts(1J. The traditional
philosophy of classification system design implies that individual entities
(usually documents) can be treated as though they were independent of one
another. This basic fallacy not only results in the loss of important
informational links, but it is basically inefficient. Little or no effort
is made to establish a possible relationship between the entity being
classified and the entities already classified. There are exceptions to
this rule, but generally the building-block development of human knowledge
is not perceptibly reflected in traditional classification systems. In
.conver.tional word indexing systems, the indexers cannot afford the time to
establish linkages between conc~pts.

Each addition to the body of knowledge is treated as one of a series of
independent events, like molecules of a gas. But the literature is not
an "ideal gas" - the molecules interact. Similarly, the body of knowledge,
partly embodied in the literature, is composed of highly interrelated
elements. It is a heavily cross-linked network. The clearly-visible
linkages are those ordinarily provided by authors in the form of explicit
citations. Less clearly seen are implicit references as in eponyms cand
neologisms. Almost invisible linkages exist in the natural language
expressions which obscure the relationships, especially to an unskilled
observer. Conventional bibliography is essentially a simple listing or
inventory of publications which disregards most of the interrelationships
between the items in the inventory. In contrast, citation indexing
integrates this necessary and useful listing in a huge graph or network. In
this graph, each entity (in this case documents) is a node or vertex in a
huge multi-dimensional network. By analogy, this model of the literature
(which Garfield considers to be equivalent to man's knOWledge) is like a
large road map in which the cities and towns share varying degrees of con­
nectiVity. Even the smallest hamlets are nodes on the citation map of science.

Garfield refers to previous work of his on this type of hist~rical map(2).
The powerful technique illustrated by Figure 7 is reproduced from one of his
papers(1). Since each document is an "event"·and bears a date, a graphical
history may be displayed, but with the important advantage of being able to
show the interrelationships iJmong events. This is a legitimate starting
point for the historian.

There is.clearly no technical obstacle to handling conceptual entities in
the same manner as documents. This would·clearly be of value to both the
historical and educational model types.

Garfield himself refers.to the possibility of having such graphs displayed
directly onto a computer-controlfed TV screen or plotted onto graph paper by
a plotting device. Computers currently plot such graphs on standard line
printers as output from the commonly-used PERT programs.

(1) Eugene Garfield. "Primordial concepts, citation indexing and historic­
bibliography." Journal of Library History, No. 2(3), 235-249 (1967).
see ~lso: Eugene Garfield. "Science Citation Index; a new dimension to
indexing." Science, 144, 649-654, (1964)

(2) E. Garfield. Citation indexing: a natural science literature retrieval system
for the social sciences. American Behavioral Scientist, 7 (10) 58-61 (1964).
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Network dial!l'am for bistory cf D"A bascd on Asimov's book, The Genet;g.J':~k .Co:"posite o! six.".etwork
diagrans as~repcrtcd in E. G.:ufidJ. LIl. Shc-t. ~r.d. R.j. Tcrpie, ];1': L<:,c 01 (._...:luon DJtl 10 \inung t3e
History of Science (fbibJclphia: institute lor Scientiiic Inlon:atioD, blA J, '0 pagos.

l\ODE DATE NA~E NODE DAlE N~~IE

.1 1820 Braconnot 21 1947 ChargaIf
2 1865 Mendel 22 1950 Chargaff
3 1871 Meischer 23 1950-51 Pauling and Corey.. 1879 Fleming 24 1951-53 Sans'~r

.• '7'i!e~ 5 1836 Kossel 2S 1952 Hershey and Chase
Direct citation connections 6 1891 Fischer and Piloty 26 1953 Wilkins
..... _------ 7 1900 DeVries 27 1953 Watson and Crick
Indirect cit:ltion cormections 8 1907 Fischer 28 1953 DuVi6'f1eaud
~oJ."""'aJ'\I 9 1909 Levene and Jacobs 29 1955 Todd
!ls;!r.&V'S sf~dicd ~.istorical connections 10 1926 Muller 30 1954-56 P.1!.}de
.'Iii•• i •••••••••••••••••••••••• 11 1928 Griffith 31 1955-51 Frlc~kel-ronr.Jt

Asi:no\"s implied historical connectiollS 12 1929 Levene, Mon and London 32 1955-56 Ochoa
13 1932 Alloway 33 1956-57 Kornherg
14 1935 Stanley 34 195i-5S lIoagbnJ

·IS 1935 Levcne and Tipson 35 1960·61 Jacob and Monod
16 1931i·37 Bawden an,j Pirie 36 1960 Hurwitz
17 193&-39 C"spersson anJ Scnuitz 37 1961 Dintzis
18 1941 Beadle :uJd Tatum 38 1961-62 Novelli
19 194J..H Marrin and Synge 39 1962 Allfrey and ~.lirskv

20 1944 Ayery, Macleod and McCarty 40 1961·62 Nirenberg and ~lauhaei



- 51 -

Garfield is only concerned with the time or historical dimension as a means
of sequencing entities. and only with the citation relationship between
such entities. There is no reason. however. why other dimensions and
relationships should not be used: geographical. educational. logical. etc ••
corresponding in fact to more of the model-types listed in an earlier heading.

4. Subject Classification Schemes

There are a wide variety of subject classification schemes for document
handling. The Universal Decimal Classification and Dewey systems have
become widely used but many other systems exist for specialized subject
areas.

The most recent international review of these schemes in the UNISIST Study
of the feasibility of a world science information system has this comment
to make:

"Librarians and information specialists would generally agree that a
world-wide scheme of subject categorization is needed to facilitate
document and information exchanges ...• Opinions differ. however. when it
.comes to deciding which scheme best suits the purpose. Severa~ ency­
clopedic classifications are in competition - the Dewey Decimal Classi­
fication. the List of Subject Headings used in the Library of Congress.
the Colon Classification. the Universal Decimal Classification. etc. ­
and although the last named has benefitted from extensive international
support through FlO. it is by no means the unique candidate for world­
wide recognition as the standard subject category list. Its advantages
and shortcomings were examined by the UNISIST Working Group on Research
Needs in Documentation. who came to a twofold conclusion: (a) organiza­
tional and technical measures could be taken to obviate the managerial
drawbacks of UDC. e.g. slow revision procedure. infrequent re-editions.
etc.; (b) on the other hand. no clear answer could be given to the more
controversial question of overall or local inadequacy, as regards the
content and structures of UOC divisions ...• further studies and experi­
ments are required to assess the potential value of UDC in its present
state. as the unique world list of subject headings for broad categori­
zation. or "shallow" indexing of doc~ments." (p.9S)

As the UNISIST extract above acknowledges. UDC is one amongst many classifi­
cation'schemes which are in competition. The tendency for different
classifying groups to favour different category breakdowns should be
contained and facilitated within an information system and not left to
deteriorate into sordid squabbles which do not recognize the value .to
knowledge advance of alternative vlews, and a continuing effort at recon­
ceptualization. restructuring and redefinitio~ of knowledge.

Also of interest is the UN/DECO Aligned List of Descriptors which has now
been developed into a ~macrothesaurus". This is primarily oriented around
mission-focused topics which emerge in the work of the major intergovern­
mental agencies concerned with .economic and social development. From the
perspective of this proposal. the following operations have been blurred
together:

- entities are labelled by terms
- terms have to be classified into ~emantic fields to be incorporated
- terms have to be translated and agreed as terms to avoid language

dependence
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When terms are dropped, the reverse procedure affecting the structure of
the list must be followed. Each of these steps involves operational and
intellectual difficulties which tend to slow down and resist modification.
In addition. the List makes great efforts to be flexible by being term­
oriented. To do this it has had to avoid hierarchical classification of
any depth. This choice is not in the interests of those users who need a
"deep" classification structure.

Originally. (1967-68) it was intended that UNISIST should cover the basic
natural sciences but arguments were put forward for the inclusion of
technology "or at least some of its branches. especialli medicine.
agriculture, building and construction". Ultimately. "the position of the
ICSU!Unesco Central Committee was that UNISIST should devote its primary
effort to the basic sciences ..• and at the same time be sympathetic to a
progressive inclusion of the applied and engineering sciences - and
eventually the social sciences - on an equal footing with the former"
(UNISIST Report. p. 135-6). No time scale was given.

The-special problems of social sciences are ignored in this vague intention
to broaden UNISIST. Whilst the latter may prove to be a dramatic success
in the field of the natural sciences, it is questionable whether the same
techniques can be successfully applied to the social sciences without doing
violence to the process by which the latter develop.

In the natural sciences. invariants in the objective world are represented
by signs which can in most cases be directly and unambiguously attached to
the object in question. to the satisfaction of the natural science community.
The sign for the object and the conceptualization of it are intimately and
unambiguously related. Another sign in another language may be used but
the rules of transformation are clear (the natural language verbiage is
another matter, but is less significant). It is a case of "one sign. one
concept. one object". It is therefore possible to infer thqt knowledge
transfer tends to accompany information transfer. (This inference may
however be very dangerous in the case of non-Indo-European language users.
for whom the "objective" nature of the world may appear less significant).
But any extension of the world science information systom. as it is con­
ceived. to the social sciences would only be of superficial significance if
the above distinctions were not reflected in the design of the system.
This is because in the social sciences. most of the debate concerns the.
relation between perceptual invariants detected (by the consensus of a group),
signs (selected by the group) and the associated conceptual meaning - as has
been recently pointed out by Jean Piaget(1):

'"All the social and human sciences are more or less closely concerned.
in their diachronic aspects. with the development of knowledge (as a
subj 8ct) ..• The foregoing considerations show tl1at the human sciences.
in so far as they necessarily include in their field of study the subject
of knowledge - the source of the logical and mathematical structures on
which they depend - do not merely maintain a set of interdisciplinary
relations between one another... but are part of an extensive circuit or

(1) Jean Piaget: General problems of interdisciplinary research and common
mechanisms. In: Unesco. Main trends of research in the social and human
sciences. Paris. Unesco. vol.1. 1970, pp. 467-528.
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network that really covers all the sciences ••• It wa& essential to recall
this so as to be able to shape our conclusions in such a way that they
might succeed in revealing the true significance of interdisciplinary
relations.

"For their significance far exceeds that of a mere tool for facilitating
work. which is all they would amount to if used solely in a common
exploration of the boundaries of knowledge. This way of viewing
collaboration between specialists in different branches of knowledge
would be the only possible one if we admitted a thesis to which tar too
many research workers still unwittingly cling - that the frontiers of
each branch of knowledge are fix\3d once and for alL and that they will
inevitably remain so in the future. But the main object of a work such
as this ••• is to push back the frontiers horizontally and to challenge
them transversally. The true object of interdisciplinary research.
therefore. is to reshape or reorganize the fields of knowledge. by means
of exchanges which are in fact constructive recombinations." (p. 521-524.
emphasis added)

The natural sciences are therefore primarily interested in 'the debate on the.
usually tangible. content of categories (which are considered to be relatively
permanent). and the dynamic lies in subdividing the categories and discovering
relationships between their content. Whereas the social sciences. unable to
latch onto an unambiguous content. are primarily interested in the categories
themselves and their interrelationships. and the dynamic lies in reformula­
ting. reshaping. and regrouping the system of categories in an effort to get
closer to the content(1). It is clear that the natural sciences could
easily adjust to an arbitrary permanent category hierarchy, whereas the
social sciences would be straight-jacketed and ill-served by any such system.

Perhaps the clearest example of the need for a concept-or knowledge-oriented
approach in the case of the social sciences (as opposed to a sUbject/
descriptor approach) is given by the confusion of meanings a~sociated with the
concept "democracy". Few people know that Unesco arranged an expert
meeting to clarify its meaning. The meeting concluded that at least thirty
distinct meanings were required and in use(2). The report was withdrawn
from circulation for political reasons - it is political dynamite. It means
that in most international debates (in which the word is a vital element of
the consensus of interest and common goal on which the discussion is founded)
participants are simply talking past one another. and resolutions containing
the word are of questionable significance. In fact. the multiplicity of
interpretations implicit in term-oriented discussions and report production
may be considered a direct stimulus to the production of further reports
giving clarifying or alternative interpretations - thus further clogging
document systems.

5. Concept Dictionaries

The outstanding importance of dictionaries in the modern world explains why
some lexicographers are dissatisfied with the mechanical method of arranging

(1) 80th natural and social science have conceptual parsimony as a criterion.
whereas the "sciences humaines" are interested in multiplying the number of
possible concepts and increasing their variety.

(2) Mentioned by F.A. Casadio. Director. Societa Italiana per l'Drganizzione
Internationale.
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words in alphabetical order. and would prefer to classify them according to
the concepts which they express. One would be mistaken in believing that
this is a recent trend, since one finds tentative- systematic vocabularies
at Babylon in the third millennium before Christ.

It would obviously be a great convenience if conceptual dictionaries of
different languages. periods, or single authors could conform to the same
general pattern so that they could be readily compared with one another.
To this end one would require a conceptual framework so comprehensive and
yet so elastic that the most diverse languages and the most idiosyncratic
writers would fit smoothly into it. Such a broad classification of con­
cepts was put forward by R. Hallig and W. von Wartburg in 1952.

The German research on "semantic fields", which later inspired Georges
Matore, La methode en lexicologie. domaine fran~ais, (Method in lexicology
in the field of the French language), Paris, Didier. 1953; offers (p.70-4)
a diagram of a "comprehensive classification of lexicon facts" different
from that of Hallig and Wartburg. and, moreover, less satisfactory. At
the eighth International Congress of Linguists (Oslo. 1957) "there was a
(rather disappointing) discussion on the subject "To what extent can meaning
be said to be structured? (p. 636-704 of the Proceedings).

Needless to say, the Hallig-Wartburg system is only one of various possible
waYs in which concepts could be classified; the aim was not so much to
devise an ideal scheme as to have a unique basis for specific investigations.
If this idea were to be widely adopted, a series of coordinated research
projects could be planned with sufficient flexibility to adapt the scheme to
the material examined, and yet with enough common ground to make the results
comparable.

For a more detailed review of initiatives in this area, see Ullman(1) and
de Grolier(2).

6. "World Problems" Identification

The uathor is currently engaged in a project co-sponsored by the Union of
International Associations. Mankind 2000 and the Center for Integrative
Studies. This is an attempt to identify, "register" and describe world­
wide problems with a view to the publication of a Yearbook of World
Problems(3). (Work to date has established that there might be some 2000­
5000.) The approach is similar in philosophy to that proposed here for
concepts. Classification of problems is seen as a second and distinct
phase. A crude model is being used to facilitate data collection." Two
other models will be used to plot problem interrelationships. It is hoped
to be able to map and plot problem networkS.

(1) S. Ullmann. Semantics: an introduction to the science of meaning. Oxford.
Blockwell, p. 254-5.

(2) E. de Grolier. A Study of General Categories Applicable to Classification
and Coding in Documentation. Paris, Unesco. 1962, p. 226-228 (Note 89).

(3) To be a sister volume to, and cross-reference,the UIA's Yearbook of Inter~

national Organizations, which is now produced via computer permitting access
to data for research purposes.
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lANGUAGE AND TRANSLATION PROBLEMS

1. Absence of a lingua franca ..

It would be optimistic to expect wide acceptance of the system if it was
based on one lahguage only. The UNISIST Study notes (pp. 72-73) that:

English now accounts for about 40% of the world literature, regularly
yielding (as are French and German) to the rising group of "Eastern"
languages, e.g. Slavic, Chinese and Japanese.

No one can predict what the situation will be twenty or fifty years
ahead, nor does anyone possess reliable data on the present use of
foreign language materials in the scientific community.

The position of English as a lingua franca of science is contested by
some governments either to consolidate a new country via a national
language or in the belief that language can be artificially maintained
as a vehicle of a culture.

The chances of securing international acceptance of English as the
standard language of science are, in present circumstances, ver~ poor.

2. language preferences

Apart from these aspects, there is the extremely serious problem that social
scientists in one language group tend to either ignore foreign language
material or find it "less relevant" to their particular concerns. This is
particularly significant across the English, French, German divide. Con­
cepts given in foreign languages may be difficult to comprehend if one is
less than completely at home with the language in question. An unconscious
hostility to concepts expressed in foreign languages may even build up.

A recent study of 1000 social science research information users in Great
Britain has just been completed(1). It shows that 18% of the sample read
English only, 75% read French, and 27% read German. Of those who said they
were able to read a foreign language, only one~third regularly scan literature
in that language. There is even a reluctance to follow up articles in
another language.

It was also noted that 22% make no use of abstracts or indexes, 35% n~ver use
bibliographies, 22% do not use library catalogues, and 48% do not consult the
librarian.

3. language group incompatabilities ..

There is also the possibility that a cDncept may first be expressed or may
only be expressible, in a given foreign language. It would be an advantage
to be able to file it as such and worry ebout the translation afterwards. The
author who has done much to emphasiz8 the di fficult-to-comprehend contrasts
between meanings in the standard Indo-European languages and those in other
language groups is Benjamin lee Whorf(2). He suggests that language becomes

(1) Maurice line (Ed). Information Requirements of Researchers in the Social
Sciences. Bath University, 1971, 2 vols.

(2J B.l. Whorf. language. Thought. and Reality. New York, Wiley, 1958, 278 p.
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a classification and organization of experience in its own right. As such
each may be significantly different from the other and may structure the
forms and categories by which the individual not only communicates but also
analyzes nature, perceives or neglects particular" phenomena or relationships,
and constructs his model of the world.

A striking example of the possible differences is given by Marshall Walker
in discussing the social factors which affect scientific models:

"The language of the Wintu Indians of California seems to indicate a
way of thinking quite different from our own. Imagine the surface of
a table with a book lying on it. The remainder of the surface is bare.
in English one describes the situation by saying "The book is on the
table". In Wintu one says, "The table bumps". The English phrase
has already committed the speaker to an entire analytical philosophy
of the situation: (1) there are two objects; (2) there is a polarity
such that one object is above the other; (3) there is an implication
that the book is supported by the table. None of this analysis is
present in the Wintu sentence, which is purely topological •••• The
.scientistwho wishes to be as objective as possible in his study of the
external world will try to free himself from the possible constraints
of his own language."(1).

Such languages may not have parts of speech or separate subject and predi­
cate. In Indian Languages such as Nootke and Hopi events as a whole are
signified. Instead of "a light flashed" or "it flashed", Hopi uses a
single term, "flash", to signify that a happening has occurred. There is
thus no distinction between tenses, for the Hopi has no general notion or
intuition of time as a smooth flowing continuum in which everything in the
universe proceeds at an equal rate, out of a future, through a present, into
a past. Marshall Walker also notes (p.103-4):

"The student of science also has a vital need for comparative linguis­
tics in order to acquire experience in the isolation of ooncepts from
their language matrix. The usual language departments of a university
are not much help for this type of study .... There is need for a course
for undergraduates (not language majors) which is designed to illustrate
the expression of concepts by different language families. Pending
the arrival of such courses the student of science will have to do it
himself as best he can."

David Bohm, a theoretical physicist interested in Piaget's and Gibson's work
on the problems of perception, gives detailed arguments against permanence
of "entities" and concludes(2):

"it is clear that both in common experience and in scientific investi­
gations. the objects. entities. 5ubstances, etc .• that we actually
experience, perceive, or observe, have always ~(thus far) shown them­
selves to be only relatively invariant in their properties, this
relative invariance having often been mistaken for absolute permanence"
(p. 14)

(1) Marshall Walker. The Nature of Scientific Thought. Prentice-Hall. 1963,
p. 103.

(2) David Bohm. The Special Theory of Relativity. N.Y., Benjamin, 1965.
I
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"It is evident then that by considering entities and st!'uctures as
relatively invariant, with an as-yet-unknown domain of invariance,
we avoid making unnecessary and unprovable assumptions concerning
their absolute invariance. Such a procedure has enormous advantages
in research, because one of the main sources of difficulty in the
development of new concepts - not only in physics but also in the
whole of science - has been the tendency to hold onto old concepts
beyond their domain of validity." (p. 121-2)

4. Problews of translation

It may astonish many people to know that contemporary linguistics has con­
cluded that translation between languages is theoretically impossible.
Chomsky notes (p.202):

"In fact, although there is much reason to believe that languages
are to a significant extent cast in the same mold, there is little
reason to suppose that reasonable procedures (not involving extra­
linguistic information) of translation are in general possible."

Georges Mounin, who notes the same conclusion, has summarized the theoretical
difficulties prior to considering why, how, and within what limits the
practical operation of translations is relatively possible(1).

Some of the difficulties he notes argue against any attempt to force this
project into a unilingual mode.

- certain languages have highly developed terminologies in areas where
there are few Indo-European equivalents (e.g. the Pyallup Indians and
"salmon"; the Eskimos and "snow" (30 terms), some African languages
and "palm trees", th~ Argentine gauchos and "horse colouring" (200).
There is little value in attempting a definitive translation when no
exact equivalent exists.

- the situation becomes more complex when dealing with socio-cultural
terms, e.g. how can "brother" and "sister"be translated into Maya
when that language only has terms for "younger brother" or "older
brother"(2). Much closer to the concerns of this project is the
simple problem of translating "people's capitalism" into French(3).

- another excellent example, noted by Colin Cherry(4) is that whilst
there is no difficulty in translating the colour "red" into and from
Russian, the associations in the two languages are very different.
In English: blood red, red in tooth and claw, red with anger, red
light distr:i.ct, etc. . In Russian· the translation of "red" is synony­
mous with "beautifu~" and has associations equivalent to the English
"golden" - hence "Red Square'" and the "Rej Army" should be meaning­
fully translated as the "Golden Square" and the "Golden Army". (How

(1) Georges Mounin. Les problemes theoretiques de la traduction. Paris
Gallimard, 1963.

(2) A special issue of the ETC (Institute of General Semantics), 15,2, March
1958 is entirely devoted to interpretation and intercultural communication.
It gives many examples of this sort of problem.

(3) Georges Mounin, op.cit. p. 67-68

(4) Colin Cherry. World Communication; threat or promise? London, Wiley, 1971, p.16



- 58 -

much has international tension been aggravated and reinforced by this
simple error?) Similarly, in Chinese, "red" is primarily associated
with "joy". "prosperity". "luck". and "happi~ess"(1). Thus greeting
cards, invitations, decorations. etc., are usually in red. (To what
extent have the positive associations of the colour in the two cultures
influenced the marked success of socialism there, compared to that in
Anglo-Saxon culture, where it has more negative association?)

5. Administrative delays

If the attempt is made to translate every theoretical formulation into English.
before filing. there will be a hold-up similar to that associated with the
modelling activity. There is also bound to be disagreement as to the
adequacy of translations. It may be preferable therefore to conceive of a
Translation Phase in parallel with the filing, modelling, and term alloca-
tion phases, and to give priorities to the translation of given terms
according to need.

DOCUMENTATION OR KNOWLEDGE?

1. The DDcumentation Problem

It is the stated goal of the UNISIST World Science Information System to
facilitate the "unimpeded exchange of published or publishable scientific
information and data amongst scientists in all countries". Its concern is
therefore with the extremely large number of documents and not with the
relatively limited number of original conceptual entities formulated therein.
Unfortunately, the UNISIST Study does not distinguish between documentation.
information and knowledge(2).

Briefly, documents pose a physical handling, transfer and filing problem
(which may be eased by reproduction at a distance). Information consists of
signs which can be read. transferred, manipulated and filed electronically.
They function as symbols of units of human knowledge, but only during the
short-duration process of being read for meaning. Knowledge transfer
depends on the ability of the momentary psychological system "sign and
reader" to generate an unambiguous. coherent and consistent meaning in the
mind of the reader. and conversely to convert a distinct meaning or concept
into a suitable sign which can be interpre~ed with equal ease by another
reader. Information. in the form of signs. can be read without resulting
in the transfer of knowledge and particularly of the knoWledge intended
(e.g. undecipherable hieroglyphic writing can be "react" without knowledge
transfer). ..

The Study does not recognize that the period cov8red by the proposed system
is one in which increasingly. it is almost impossible for the decision-maker
or researcher to determine what information from which discipline is

(1) I am grateful to Mr Thai Wo Tsan for this information.

(2) See UNISIST Study Report. op.cit .• p.1, p.20. p.103, p.115. p.148. p.152 (This
point is examined in more detail in CoCTA Working Paper Now 3. p.65l.
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"relevant"(1). If he attempts to order all the relevant documents (or
even subscribes to the appropriate abstracting service), the purchase or
transport costs will be prohibitive (except to a small elite); if he waits
for all the relevant information, it will be too late for him to make a
useful decision(2); if he gets all the relevant information in the form it
currently takes, he will have neither the time, the training, nor the inclina-
tion to read it all; and if he reads and comprehends it all. he will not have
the time or the ability to convey his understanding to those whose support he
must obtain to carry a vote on the matter or, ultimately, to the man in the
street.

"Consider this dilemma: while our technological abilities to generate
and disseminate potentially useful data have increased manyfold in the
past few years, man's physical capacity to register and to process
potentially informative data has probably increased very little, if
indeed at all. The sheer volume of data that crosses the typical
executive's desk today should serve to spotlight the inadequacies of
the education and development of our acquisition strategies and
~racti6es. But no gain in ability could offset the w~dening gap
between the exponentially-increasing quantity of data available for
consumption and man's very limited capacity for acquiring and proces-
sing useful information.O(3) .

It is questionable. in view of present trends. whether knowledge transfer
can continue to be effectively accomplished primarily via document transfer.
The United Nations is potentially the most significant institution in
existence and is at a vital nexus of multidisciplinary. international know­
ledge transfer - which it currently accomplishes via documents(4). And yet
it has a documentation problem (which in a sense is equivalent to that of many.
if not most. other large organizations and disciplines):

"This issue has been repeatedly recognized by the General Assembly,
the Economic and Social Council. the Joint·lnspection Unit and nearly a
dozen of other UN bodies as one which directly affects the functioning
of the UN. Suffice it here to note that in 1970, the UN. both in New
York and Geneva. produced nearly a million page documentation in all
languages. The massive volume of documentation produced by the UN
prompted a former President of the General Assembly. Mr Lester B. Pearson
of Canada. to remark that "the United Nations is drowning in its own
words and suffocating in its own documentation." The Joint Inspection i

,Unit stated recently in its report submitted to the present General I
:,1
:1

(1) " •.• how is a practitioner of anyone discipline to know in a particular caseJ
l i ano1:ner discipline is better equipped to handle the problem than is he? ,I
It would be rare indeed if a representative of anyone of these disciplines 'I
did not feel that his approach to a particular organizational problem would I
be very fruitfuL if not the most fruitfuL .. " (R.L. Ackoff. Systems.
organizations. and interdisciplinary research.)

(2) The author recently had to wait seven months for an in~print ordered
publication. Its title: Foundations of Access to Knowledge. Syracuse University
Press. 1968.

(3) Lee Thayer. Communication and communication systems; in organization. manage­
ment, and interpersonal relations. Homewood. Irvin. 1968. p.202.

(4) UNITAR/EUR 3/2. 1971. p.2. "Only recently the Secretary-General of the Qnited
Nations affirmed that the Organization's most important working tools were
documents. Thus the main medium for conveying information consists of documents."
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Assembly session that"the inspectors do not hesitate to say that the
point of saturation has now been reached an6indeed overstepped."(1)

The last quote in fact continues with the significant phrase "and that the
law of diminishing returns is taking over ••• Beyond strictly financial
considerations I therefore ••• the future usefulness of the Organization may
well hinge on its ability and determination to set once and for all, and
strictly enforce a reasonable but drastically reduced ceiling to the
volume.of documentation its various bodies call for and its services pro­
duce"(2).

One is not exposed to alternative hierarchies of conceptual nexuses linked
directly or indirectly to more distant nexuses from which relevant knowledge
may be obtained. (There are no "heights" in documentation systems - the
generalis filed with the particular, cf. the treatment of documents with an
interdisciplinary emphasis.) The potential value of a knowledge-oriented
information system as an active stimulus for creative social change and
problem-solving may even be directly proportional to its ability to draw
attention to the existence of established relationships of low probability
(i.e. low entropy) between concept nexuses. This is not a criterion of
document information systems where the emphasis is - for cost reasons - on
facilitating access to those documents which are most probably relevant in
terms of demand frequency.

Shuffling documents and signs might facilitate the transfer of meaning and
knowledge between those who could identify the representative of the group
for whom a particular set of meanings could be consistently and unambiguously
attached to the signs. But even within that group, advances in knowledge
and reconceptualization have to be carefully related to the original set of
meanings.. However l making the documents and signs of that group available
to other "outside" groups would only introduce "noise" and confUSion. A
knowledge-oriented information system would be needed to avoid such confusion
and facilitate fruitful interaction between different schools of thought
within the social sciences.

(1) UNITAR. The Interest of the United Nations Institute for Training and Research
in the question of UniteG Nations documentation. Geneva, UNITAR/Eur 3/1,
1971, p.1.
UN Document A/7576, 25 July 1969, para. 2, shows that document production by
New York HQ increased by 50% from 1964 to 1967, to 600 million page-units.
This does not include production of the regional or Geneva offices or
specialized agencies. A recent UNITAR document (UNITAR/Eur/3/2 notes that
there will probably be one million journals in 30 years time. Currently it is
estimated that about 2000 books (i.e. 1 million pages) are printed every
minute throughout each day.

But stemming the generation
as feasible as lowering the
reduce one means of storing
a more appropriate complemen­
unsatisfactory.

(2) UN Document A/8319, 2 June 1971 (or JIU/REP/71/4).
of new knowledge in developed countries, is about
birth rate in developing countries. To severely
and disseminating such knowledge, without seeking
tary medium, could only be counter-productive and
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2. Knowledge-Representation

The ideal "information" system in a given academic field has been sketched
out by the u.s. National Academy of Science Committee on Information in the
Behavioural Sciences (under the chairmanship of David Easton) as the
"computer analogue of the available. intelligent. and informed colleague".
There have been many reports on the improvement and integration of informa­
tion systems and it would be futile and inappropriate to comment on them
here. There seems. however. to have been little mention of what might be
termed a "knowledge-representation" system.

In parallel columns below. an attempt is made to clarify the implications of
this distinction by comparing the functioning of a hypothetical knowledge­
oriented system. now technically feasible. with the current approach. The
intention is not to imply that the former should replace the latter but
rather 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 a synthesis or atomisation .in the handling
of information.

Document/Information System

1. Index tends to be based on simple
hierarchy or alphabetic listing of
subject. author and title. which can
be handled on catalogue cards.

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

3. Access to knowledge via documents ~

means multiple reproduction and
transfer of documents to a variety
of libraries where they mayor may
not be used.

4. Documentation system is embarrassed
when faced with obtaining "ephemeral"
or "phantom" material which has not
been made commercially available
through the few standard channels.

Knowledge-representation System

1. "Index" constitutes a complex net­
work giving a representation of
entities and relationships and the
dynamics of any points under debate.
which can only be handled by multi-

. dimensional computer programming
techniques.

2. Users want access to the "network
index" which repre9'ents the needed
items of knowledge and their
relationships; documents are a tem­
porary inconvenience only used if it
is necessary to re-examine data and
detailed arguments justifying the
entities and relationships incor­
porated. (Document access is a
secondary problem for which a documen­
tation system may be used.)

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

. in detail.)

4. See 3.
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5. Out-of-date, rejected, low quality,
false. old documents are retained
in the system and indexed with no
index indication of their status.

6. Only the knowledge held in the
documents physically available is
accessible. The index only notes
the documents held in the documenta­
tion centre in question.

7. Alternative concepts or contradic­
tory evidence can be conveniently
ignored in a document or textbook
without too much risk - particularly
where the counter argument comes
from another discipline (or a
school of thought publishing in a
different language). .

8. Interdisciplinary links are ignored
if the author has no interest in
them.

9. Different styles of documents are
produced on the same topic for
research. education. public lnforma­
tion, 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 situations. by different
portions of society.

5. Out-of-date. rejected, false. etc.
entities or relationships may be
eliminated from the system by listing
them on paper (or other "documents")
with the bibliographical source from
which they were obtained (i.e. they
are available if required but do not
clog the system).

6. All knowledge is on-line. although
the supporting documents may not be
physically accessible.

7. Alternative concepts. relationships
or contradicting evidence are /
immediately forced on one's attent~on ­
even in the case ·of relationships
linking to other disciplines.

8. Interdisciplinary links are already
held in position whether the author
wants to ignore them or not.

9. The entities and relationships entered
on the basis of research insights are
also used for other purposes. Instead
of producing different documents and
reporcessing the insights. different
"filters ff are used in presenting or
displaying the entities and relation­
ships to different audiences. In this
way. each new research insight 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 challenge to research.)

In this way if an element of knowledge
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 work from simple representations.)
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10.The documentation system does not 10.
permit panoramic 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 re­
serve from different schools of thought
within the discipline. In this impor­
tant respect a document arising from
a single group of authors can never
contain the totality of views in a
domain of knowledge. Only the non­
concretized 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 as a scattering of
journals and other documents. There
is little interaction between the
journals but the debate is somewhat
summarized in a scattering of abstracts
in which the contents index gives some
indication of the interventions on
related topics.

1i.Thinking momentum is constantly inter- 11.
rupted when access to new document~ is
reqUired. (Long delays, 2-3 months,
are normal; 50 months or more from
initiation of research to appearance
in abstracts).

i2.Research is conducted primarily using 12.
documents as a stimulus to creativity.

i3.Author has "published" when documsnt 13.
is in circulation and "available";
index entries of little significance
to author.

Each ~ntity, link and qualification
is indicated .in the· knowledge repre­
sentation 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 is exposed to a pattern of
theoretical formulations in the pro­
cess of being continually improved,
and to which he can contribute. A
dozen or more specialists in a parti­
cular field (the "invisible college"
for that topic) can contribute simul­
taneously to work on ideas being
written on one meo 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.
Even in such a rapid debate the pater­
nity of each emerging formulation is
identified and registered. (This
mode of operation Bhould be compared
with some discussions between acade­
mics 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
momentum of his colleagues - this may
take months.)

Thinking momentum is maintained since
the essence of any new dbmains of knbw­
ledge is always accessible -- all the
links and entities are there (delays
are measured in seconds).

Research is conducted primarilY using
the knowledge-representation structure
(i.e. the graphical representation) as
a stimulus to creativity.

Author has "published" when the appro- "
priate knowledge structure in the
"index" has been modified; incorpora- -I
tion in "index" (through a terminal)
is of highest priority for the author. I

I
I
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14. Author's status, credibility. pride
and interest are associated with
visible documents on library shelves.
The documentation problem is aggra­
vated by the "publish or perish"
code which governs much of academic
life. Unless an academic produces
a document he is "invisible" and
loses status.

14. Autho~'s status, credibility. pride
and interest are associated With the
visible entities and links in the
graphic representation accessible
to all. By SWitching emphasis to the
specific entities and relationships
which the academic has formulated.
successfully, confirmed or criticized
his status is determined by the bonds
and entities with which he is
associated. Each of his contributions
is "visible" u~til it is superseded
and is not subject to the vagaries of
the documentation system.

15. Each new document must carry a lot
of 'verbal packaging to provide a
context within which innovative
elements are introduced. There is
no guarantee that the rephrasing
(necessary for status and copyright
reasons) of earlier arguments will
constitute an improvement.

15. The author need only enter the specific
entities of relationships which con­
stitute his innovation. (Since the
academic's status is bound up with
his specific modifications to the know­
ledge structure and not the verbaliza­
tions held in a document, the problem
of adequate verbalization maybe
handled separately. Hopefully a
limited number of skilled verbal pre­
sentations, from a minimum number of
different perspectives and literary
styles, could be constantly updated by
professional writers using the best
verbal arguments uy any appropriate
academics where appropriate.)

16. The direction of research is governed 16.
in part by shifting patterns of credi~

bility and status. These are merely
evident in print but are controlled
by an ongoing informal dialogue
centred upon the elders of the dis­
cipline who legitimate consideration
of particular entities and relation­
ships.
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The "luminaries" in a partiCUlar
discipline are all visible together
with the relationship between their
spheres of influence.

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. Ideally the system would
also act as a continually updated
voting board for each element. pro­
viding an opportunity for members of
the profession to indicate their
approval.

17.17. The key figures in a discipline
and the relationship between their
spheres of influence are unclear.
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SUMMARY DF ADVANTAGES DF THIS PROPOSAL

Most earlier initiatives and proposals examined seem to fall foul on one or
more of the following difficulties:

1. The simple and unambiguous administrative task of filing entities is
merged into the complex intellectual task of coding and classifying them.
This makes the whole project lengthy, costly, and complex.

In this project the identification of entities to be included in a
thesaurus and the practical problems of incorporating these entities
into an information system are distinguished from the theoretical
problems of classifying and interrelating such entities. The first
is a relatively fast and unskilled operation and the second is a
relatively slow and skilled one.

The technique of identifying the entity within the system by a
numerical tag derived from a classification scheme is avoided.
The savings in labor associated with this technique are only
significant in a system in which all operations are manual. Where
computers can be used, the two types of operation can be distinguished
in order to save resources, speed up operations and increase the
flexibility of reconceptualization of any classification scheme.

2. The classification of theoretical constructs may be associated with an
intellectual and material investment in a document physical-location system.
This opposes any flexibility or major reconceptualization of relationships
between entities.

In this project there is no direct relationship between the classifi­
cation scheme(s) and the physical problem of locating s~urce documents.

3. The classification scheme may be rigid and "final", based upon a high
commitment to a particular set of theoretical assumptions of limited
comprehensiveness, and therefore unable to adapt to new types of inter­
relationships.

In this project both rigid and rapidly evolving classification schemes
can be· used to interrelate the entiti~s handled.

4. The classification scheme may be exclusive or "inhospitable" and therefore
of limited use.

In this project both exclus"ive and hospitable schemes may be used.
This gives it a wide range of uses.

5. Some systems are specifically designed with ~ne special problems of a
particular field of knowledge in mind. This makes them difficult to
use in other areas.

In this project specialized and general overdesigning the information
handling system to meet immediately-perceived needs would reduce its
usefulness and relevance to others and therefore increase the difficulty ­
of ensuring adequate funds over a long period. (The degree of "hygiene"
introduced may be inversely proportional to the utility or relevance of
the system to potential users.)
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6. Even adequate universal schemes may become viewed as authoritarian and
a vehicle for some form of conceptual imperiali~m. Unfortunately the
organization of relations between entities is equated with the imposition
of a new set of relations. The organizers are perceived as acquiring
power. Esclusive or rigid schemes, once created, are viewed and defended
as unique and "universally applicable" by their proposers, thus eliminating
any possibility of more comprehensiveness, better-funded, joint efforts.

In this project, every effort has been made to ensure that it does
not become associated With particUlar schools of thought, organizations
or personalitites who might resent criticism of their perspective and
alienate potential collaborators. All such individualism is contained
within the model building activity which does not jeoparize other models
or the project as a whole.

7. The actual procedures for incorporating new entities into any "approved H

list within. the system may appear bureaucratic and stultifying unless the
system is user-oriented. There is therefore the old problem of minimizing
the bureaucratic desire for due process and order and. maximizing user
participation.

In this project suggestions have been made concerning means of
maximizing user participation.

8. The system may be designed with only one type of user in mind, e.g.
scholars or students. New systems, which compete for the same resources,
then have to be created for other users of the same data.

In this project some consideration has been given to methods of
introducing "filters" in conjunction with special models in order
to show special relationships between entities in a man~er significant
to other types of user.

Some of the needs of users not immersed in the Western cultural per­
spective have also been considered.

9. The notation used to indicate the position of an entity in a classification
scheme may be very complex. This may m~ke data handling very difficult.

In this project it is not necessary to use a notation in order to
file the entity. Only a simple sequence number is required. A standard
notation for'use in print, but independeMt of the organizatioIT of the
system,. has been suggested.

10. The system may be viewed as a "one-shot" job using all the appropriate
specialists. This is the case with some concept directories. Even so, non­
participants criticize the position taken by the participants, thus suggesting
the need for new projects.

In this project it is not necessary to limit classification to the
views of one specialist. A number of competing specialists can parti­
cipate,together or separately without jeopardizing the ability of the
system to adapt and respond to new proposals.
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11. Systems may be slow (up to decades) in responding to proposals for change,
tb the point of acting asa constraint on innovation to those dependent
upon them.

In this project, modifications and alternatives can be handled
without difficulty.

12. A system proposal may raise problems of standardization for purposes
of handling bibliographical or other data. The system design may then
become a pBwn in the debate between the different schools of standardization
and information handling.

In this project there are no features which could become a major
issue in the ongoing debate, since it is not a conventional docu­
mentation system and does not have major bibliographical conCSl'ns.

13. A system proposal may constitute a threat to other systems'competing for
the same resources particularly if major changes are proposed for
existing systems.

This project does not appear to compete with other systems. It can
be considered complementary to some documentation systems.

14. A system may demand, or be designed for, complex computer systems to the
point of being unusable in less-richly-endowed environments.

This project is based on a very simple filing system for entities and
relationships between them. The resulting file may however then be
subjected to analyses of varying power depending on the computer
environment available.

15. A system design may raise fundamental theoretical issues, and therefore
alienate important potential supporters.

In this project the accent is on providing a simple technique for
filing entities and relationships in a way which permits a number of
general analytical and display techniques to be used. Every effort
has been made to avoid giving a final and exclusive definition of
what is incorporated. Such theoretical debates are carefully confined
to the activities of modelling groups which are each free to ignore
or accept entities and relationships, filed by other modelling groups.

NEXT STEP

The next step is to obtain critical comments on the various proposals put
forward and to undertake pilot projects in some of the following areas:

file organization and computer program development,or adaptation

operational and logical problems of classification with models in
a few test areas

computer simulation of file movement, modelling activity and
behavioral complications in a decentralized, minimum organization
environment
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computer simulation of different strategies to keep the system
"open" without it becoming uncontrollable

preparation of a graphics demonstration program as a means of
generating further interest and showing the poltJer of this technique.

Exactly how much pilot project activity is required will depend upon the speed
with which it is desired that the project as a whole should move forward and
the range of interests it is desired that the project should serve. These
must be d cided.

No comments have been made on the fundin'g required since cost estimation
depends on decisions taken for the next s,tage. The computer programs envisaged
for the filing of entities and relationships and generation of lists and
thesauri are however fairly simple to prepare and cheap to run. The other
major costs would be collection of conceptual entities (unless'done voluntarily
by a team using existing material), administration (unless incorporated within
the budget of some existing institute) and travel costs of those conceroed with
modelling (unless it was decided to switch immediately to the postal modelling
concept outlined.'
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