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QuoTes

Some views on the complexity of knowledge and its representation

"Handling complexity seems to be the major problem of the age,
in the way that handling material substance offered challenge
to our forefathers. Computers are the tcols we have to usse,
and their effective use must be dirccted by a science competent
to handle the organization of large, complex, probabilistic
systems."

(stafford Beer. Managing modern complexity. In: The
Management of Information and Knowledge, a compilatien

of papers prepared for the 11th Meeting of the Parel con
Science and Technology. Washington, Committee on Science
and Astronautics, US House of Representatives, 1970)

"Des mots aussi courants que "groupe”, "classe", "pouvoir"
ou "structure”" comptent actuellement non pas deux, ou
trois, cu quatre significations fondamentales -- ce qui est
est normal -- mais autant d'acceptions que d'autours,
acceptions parfaitement irréductibles & un cowmwmun déno-
minateur, et méme totslement autunomiques.”

v {M. Moulin. Discours inaugural du Colloque sur le mot
structura sous les auspices de 1'UNESCO. In: Roger
Bastide (Ed.}. Sens et usages du tarme structure dans
les sciences humaines et scciales. The Hague, Mouton,
1962, 165 p.)

LE R

"I cannot emphasize teoc strongly the importance of this activity
of intellectual synthesis...Any notion that we may have obout
the nature of science includes the belief thot somecthing like
an overall pattern is to be discovered and described. What
we need is scientific kno.ledge -- not mors and more miscel-
lanecus and unrelated infcrmation.®

(3.M. Ziman. Information, cemmunicasticn and knouledge.
Nature, 224, 25 Cct. 1965, p. 323)

", ..foce & la spécialisation croissante de la pensée et de
ltaction par la diversification de la rechorche et la divi-
sion du trovail...(UNLSCO)se doit de favoriser les reocherchas
et les confrontations interdisciplineires, d'encouragor les
réflexions d'ensemble, bref de souligner l'importance vitale
de l'esprit de synthése pour l'équilibre de notre civilisation.
Je dis bien vitale, car l'homme -- j'entends l'essentiel, &
savoir son jugement, sa liberté -- peut aussi bien Gtre
asphyxié par son savoir que paralysé par son ignorance, et il
peut tout autant se perdre dans la complexité d'un comporte=-
ment social dévorant que s'atrophier dans la simplicité
élémontaire d'une condition dits de sous-dévaeloppement.”

{(Allocution de Rend Maheu, Directeur Général de 1°*UNESCO
au colloque international de 1*UNESCO sur le thame
“Science et Synthdse". Paris, Gallimard, 1967)

"The practical mznifestation aof this interdependence,..
(betveen the social sciences and the human sciences) is
interdisciplinary co-operation, which culminates in multi-
disciplinary research and is embodied in teamwork: an
indispensable basis for the knowledge of man, but at the
sama Limu an idea -hich, in general, abstract terms, has
a dangerous fascination, and which might remain no more
than an cwmpty and unproductive slogan if its foundations
and mechaniems are not clearly identified by contact with
specific problems propounded to research, and with due
regard to the various institutionsl, financial, technical
and human factors on which its development, fruitfulness
and copacity for renewal and creation in fact depond.™

(René Maheu, Director General of UNESCO, In: UNESCO,
Main Trends of Research in the Social and Human Sciences,
Paris, UNLSCO, 1970, vol. 1, p. xiv-xv)

* * %

"The most probable assumption is that every single oune of the
old demarcations, disciplines, and faculties is going to
become obsclete and a barrier to learning as well as to
understanding. The fact that we are shifting from a
Cartesian vicw of the universe, in which the accent has
been on parts and eiemsnts, to a configuration view, with
the emphasis on wholes and patterns, challenges every singlse
€ividing line belween areas of study and kncwledge.,”

{P.F. Drucker. The Age of Discontinuity; guidelines to
our changing society.) :

¥ % ¥



"The possibilities open to thinking are the possibilities

of recognizing relationships and the discovery of technigques
of operating with relationships on the mental or intaollec-
tual plane, such as will in turn lead to eve wider and

mors penetratingly significant systems of relationships.®

(B.L. Whorf. Language, Thought and Reality, p. 84)

* * x

“One of the most significant results that should nuturally
emerge from a study such as this, is the presontaotion of a
chart -- admittedly provisionsl and subject to constant
revision -- of ths strong points and weok points of inter=-
disciplinary cooperation and of their substratum, and the
identification of priority areas to which resscarch scion-
tists should direct their thinking and institutions their
activities:”

(Ren¢ Maheu in the preface to: Main Trends of Research

in the Social and Human Sciencas. Part oned social
sciences. Paris, UNESCD, 1870, p. Xxxv.)

* N *

"Like the life Torms of the physical world, the dreams of
men spread and colonize their inner world, clash, excite,
modify ano destroy each other, or preserve their stability
by making strange accommodations with their rivoels. 5o

I regard it as a lejitimate anclogy, though not, of courss,
an exact one, to speak of our interpretative systiem --

I call it an appreciative system -- as an ecological
system, even though the laws which order and develop a
population nf ideas (confli.-ting, competing, and mutually
supporting) in communicating minds are different fram
those which order and develop a population of monkeys

in a rain Forest or of inscehs undar a paving stons."(p.11-12)

and, in the same context, "“Cvory field of activity, politics,
law, and not least science, like evary society, hus its own
stability to guard.” (p. 182)
{Geoffrey Vickers. Value Systems and Social Process.
London, Pelican, 1970.) .

* %%

"Ltuniformité croissante de la terminclogie éthique que
Lfon remaorque dans les réunions internationales, ol elle
facilite assurément les communications formelles et les
ontontos spparentos, ne doit pos nous abuser. Derriders
lo mur de brouillard des mots, la diversité, voire l'oppo-
sition des intercprétations, des motivations et des utili-
sations divisent profondément les esprits et, & la faveur
de cetts confusion, les droits universels sont bien plus’

.souvent invoqués comms une arme of fensive ou défensive
contre autrui quo reconnus et pratiqués comme la route
royale de l'union de soi et d'autrui en une fraternité
objsctive.” .

(Rend Maheu, Directeur Général de 1'UNESCO, 15e Conférence
Générale, Comptes rendus des débats, Paris, 1968)

%X

"Thus is affirmed now life and now death, now death and

. now life; now the admissability of a thing and nou its

inadmissability, now its inadmissability and now its ad-
missubility. The disputants pow affirm and now deny, now
deny and now affirm. Therefore the szgely man does not
pursus this method but views things in the light of his
heavenly noture, and hence forms his judgment of what is
righteeess .
Words are like the waves acted on by the wind: the real
point of the matters discussed by them is lost, The wind
and waves' ore vasily set in motion; the success of the
matter of which the real point is lost is easily put in
peril. Hence quarrels are occasioned by nothing so much
as by artful words and one-sided speeches.”

(Chuang Tzu (4th century B.C.) From Chuang Tzu: Genius
of the Absurd, arrangesd from the work of James Legge,
by Clee Waltham. N.Y., Ace Booke, page 50 and 72.)

* W%



Preface

This report has Been prepared for the Committe on Conceptual
and Terminological Analysis (COCTR) of the International Pol-
itical Science Association. It constitutes a much-expanded
version of a set of notes which were discussed in relotion to
proposals in COCTA Working Paper No. 1 (prepared by Fred Riggs,
Secretary of COCTA), and in the COCTA Manifesto {prepared by
Giovanni Sartori, Chairman of COCTA,and Fred Riggs) at a meet-
ing sponscred by the International Studies Association and held,
on the invitaticen of the Rockefeller Foundation, at the Villa
Serbeilori (Bellagio, Italy, 1-5 September, 1971).

Although COCTA currently derives its main support from the
political science field, it is intended {hat its approach should
if possitle be made relevant to a broad range of social sciences.
This repori has therefore been written in such a way as tc moke
the design useful to a2 variety of disciplines and users.

In order to achieve this, a very simple apprcach has been adop-
ted which results, from a computer-level perspective, in a
means of handling any entities or relaticnships., In this re-
pott, the stress has been placed or concepts, thecretical con-
structs, etc. It could equally well handle (i) orgunizations,
and other social system entities and relationships, (ii) real
"world problems" and their relationships, or pessibly (iii)
perscnel beliefs and their inlerrelationships.

The computer approach suggested here is in fact the simplifi-
cation and modificatian of one developed by the author for the
Union of International Associations with a view to creating a
data bank of entities significant to the internaticnal system,
based initially en the cantents of the Yearbook of Intesrnetional
Organizations. (1) The problems of concept-handling arose in
the treatment of organization program concerns.

This work =2leo suggested a more systemic approach to education
about the interrelstionships between fields ol knouwledge and
activity (2) as well as the possibility of handling and apa-
lyzing information on interlinking "world preblems" -- in

R.J.N, Judge. "Visualization of the organizational nstwork."
International Pecociations, 1970, 2%, 5, May 1970, p.265-281.

."Information Systems and inter-organizaticnal space,”
Apnais of the Arervican Academy of Political and Sccial Science,
393, January, 1977, p. 47-64.

.- "Inter-crganizational data and data bank design." Paper
presented at the annual conference of the International Studies
Association, San Juan, 1971. :

J.W.Clark and A.3.N.Judge. Develcprment of trans-disciplinery
conceptual aids. Crussels, Unicn of Irternational Associatlions,
1970, UAI Study Paper INF/7.

2

.

conjunction with the producticn of a Yearbook of World Prob-
lems (1),

The possibilities of this computer appreach may in fact be most
quickly recognized and funded in studies of entities in natural
anvironmont systems whare the representation of complex inter-
linking "food chains" and "food webe" has,to date, posed an in-
surnountable problem (2). The use of the interactive graphics
techniques suggested here, and fer which a demonstraticn film has
becen prepared (3), may comstitute a breakihrough in handling
crgoanized complexity. Hopefully it will be poscible for groups
intorested in the different uses of the same type of network
analysis compuler program to work together in building up a
case for funding -- particularly in the case of the graphics
display programs,

This report makes reference to activilies and techniques in a
wide spread of dumains, Clearly the author can claim no special
competence in all these domains., It is nevertheless important
to juxtipose material from such different sources rather than
simply provide a bibliographical citation, perticularly as much
of it is relatively inaccessible. A number of the Appendices
are therefore summariss, partial extracts, or commenlied extracts
from published matorial. It is hoped that this approach will
facilitate the reader's lask in appreciating the many tacets of
this project.

! A.J.N. Judge."What is a World Problem?” International

Associations, 23, 5, 1871, p. 268-273.

2 O. Pimentel. "Complexity of ecological systems and preoblems

in theii study and management.” in: K.[L.F. Webb (£d.)
Systems Analysis in LCcology. New York, Academic, 196€,
p. 15-35.

A.J.N. Judge.” Visualization of Organizaticon." 16mm fFilm,
Brussels, Union of International Associations, 1670.



Introduction

This report addresses itself to the practical problems of devel-
oping a means of filing concepts and other theoretical constructs
in a data bank. Such concepts would be filed in iterms of their
meaning and not in terms of the word by which they hoppen to be
represented in a particular school of thought. The reason for
this spproach is that many of the words on which most reliance

is placed in the social sciences (e.g. "group", “"class", "power®,
or "structure") have acgquired a multiplicity of overlapping
meanings (*).

The concept file so created would be used to genmerate lists, ta
facilitate classification and interrelation of concepts to pro-
duce concept thesauri, and, finally, to facilitate the allocation
of "authoritative" terms to permit the production of terminolo-
gical thesauri.

The object of this project would be tu ensure that any qualified
person -~ with a few safaguards -- would be free to register en-
tities in the file which would then become available for secondary
analysis ot any interested research cantre.

One form such analysis might take would be the construction and
comparison of various models or classification schemes for theo=
relical entities. At 2 tertiary level, efforts could be mads

to link such entities with each other, cutting across the boun-
daries of disciplines, ideologies, epistemological approaches,
paradigms or problems, This activity would provide new alterna-
tive means of approaching the entities held on the File but would
not affect their use for more restricted purposes.

In this report particular attention has been paid to some of the
technigques available to analyze complex entity networks or struce
tures. Because of this complexity and the problems of comprehen-
ding it, the use of interactive computer graphics has been exam-
ined as a powarful means of simplifying the task and making the
project more widely significant.

(*) Fred W. Riggs,"Concepts, Words and Terminology."Honolulu,
University of Hawaii, Social Sciences Research Instituts, 1971,
66 p. (Committee on Conceptual and Terminologiecal Analysis,
Working Paper n® 1.)

Giovanni Sartori. “Concept misinformation in comparative pol-
itics." American Political Science Review, 64, December 1970,
4, p.1033-1053.

Proposal

1. Project Objectives

A project to handle, structure, and analyze theoretical
constructs is proposed which would be operated as three
distinct phases:

-~ a concept-filing phase leadin to the creation
and maintenance of concept inventories

~- a concept classification phase, leading to ths
production of concept thesouri

-- @ term-allocation phase leading to the produc-
tion of standardized terminological thesauri

A translation phase, to make the project more widely rel-
evant, would sun in parallel with the above three. Cach
succreeding phase builds on the previous one, but need not
necessarily follow it immediately in time for the project
as a whole to be of value.

1.1+ Concept Inventory Phage

A computer-based concept registration or tagging system
should be set up which would allecate gequence numbers

te concepts on a continuing basis. The criteria for concept
registration should be kept to a minimum to ensure that

the system repains "open® tec a wide variety of users and
contribulors.

This approach permits rapid inclusion and organization ef
the data ond ropid production of updatsd concept lists.
These would facilitate the scrutiny of the data in var-
"ious phases and in terms of the perceptions of different
nesd groups.

1.2, Concept Classification Phase

Evaluation, classification and identification aof concept
interrelationships would be made independently by a lim-
iled number of contribuling groups, possibly associated
orgonizationally with the international academic bodies,
These groups would be primarily concerned uith allocating
codns to be fed back to the computer system so that ordered
and refined concept thesauri could be produced to reflect
the percepticns and needs af the contributing groups. An
important aspect of this coding function by groups would
be the rejection of tLhose conceptions registered which
are considered to be of little value to the group's
perspective,

From the computer data handling point of view, each can-
tributing group would be building, refining, and maintain-
ing its own "model". Each such model would bs handled ag
an independent optional qualifier on the sequentislly-
ordered concept list.

From the point of view of any such group, the computer
system would be viewed as holding the concepts in which



1.3,

2.

.
it is interssted in the crder of its own preferred classi-
fication scheme.

There would of course be the opportunity at any time to
lock at the same concept list through the classification
schems of any other contributing school of thought. Con-
cepte would be identified by their sequential number plus
a number which would identify the model employed.

Term Allocation Phase

At a later silage users of one model might find it useful
to produce an "authoritative” list of terms to be used
for those concepts of interest to them., This could aiso
be incorporated into the computer system, Such terms
could then be used to produce standard terminological
thesauri for the users of one model.

Project Organization

2.7,

2.2,

2.3.

The general arganization of the project is outlined in
Appendix AT,

The problems of classification or modelling of conceptual
entities and the advantages of a sequecnce number ore exam-
ined in Appendix A2. The project is conceived as being of -
use in a variety of domains. A summary is given of the
range of possible conceptual entities (Appendix A4), re-
lationships between entities (Appendix AS), types of entity
classification scheme or model (Appendix A3), and data

tc be incorporated on each entity (Appendix A6). Prierities

are suggested in order to limit the scope of the project
(Appendix A7). A standard form of concept notation for
use in print, but independent of the operation of the
system, is suggested in Appendix AB.

Each contiributing group may wish to distinguish differently
betueen, or interrelate, the "entities" taggod in the
computer sequential register. There is no reason why
"concepts" "propositions", "relationships", "problems", etc.
should not all be tiecated as entities and appropriately
distinguished and interreiated (or ignored and rejocted)

at the modelling phase. It might, for example, be par=-
ticularly valuable to include "theories", "frumeworks of
inquiry", ete. by first giving each a2 sequential number

(as indicated above) and then (in i{he modelling phase) re-
lating them te the major variables considered significont
and necessary to define the frame of discourse associated
with that theoretical viewpoint.

This would permit the saome system to handle concept thesauri,
inventories of propocsitions, inventcries of problems, stc.

Once the concept registration system is running smoothly
and the professional groups are interacting effectively with

2.4 -

3.

the system to feedback their classification of the concepts
within their own models, other groups of different levels
of "multi-disciplinarity" may constitute themselves to work
on the integration into "meta-models" of two or more of

the models already produced (e.g. for political science and
scciology into a social science model).

There is no reason why, for example, a copy (cn computer
magnetic tape) of the concept list and various models
should not be made available to universities for compara-
tive research on the models or as a teool in the educational
process. Alternative models could be constructed which
could be made generally available.

With respoct Lo research, it is clearly important to enable
the user to examine the Lhesauri at different levels of
abstraction by introducing filters. In addition there is
the possibility of comparative study of the manner in

which different disciplines perceive and interrelate phenom-
BNa.

With respect Lo education, it is possible to develop edu-
cational meta-models which would permit selection of con-
cepls by filters corresponding to different educationel
levels (e.g. an "etom" may be viewed as a billiard-ball
type structure in the elementary stages, a miniature solar
system, a system of electrically-charged potential clouds
or, in Lhe final stage, as something which can only be
described with mathematical symbols). At each level »
precise definition in the appropriate terms could be
provided. In addition th=z approach could permit individ-
ual sludenls to create their own concept thesaurus and to
learn from the differences between their own and those of
particular disciplines.

Computer Technigues

3.1,

3.2.

3.3,

The outline of the design of a suitable computer record
1s given in Appendix A6. Suitable record-handling soft-
ware is discussed in Appendix B1. Particular attention
should be paid o the opproach used by the team at the
M.I1.T. Center for International Studies (Appendix B2).

The graph theory techniques mentioned in the next cection
(4) suggest the need for more powerful ways of displaying
and interacting with the network of theoretical constructs
ropresented in computer memory -- in order ¢ avoid the
necessity to generate long, indigestible, and impenetra-
ble lists (however ordered). The use of ths interactive

« compuler graphics technique tor this purpose is examined
in Appendix B3. Sugcestions for the design of suilable
graphics demonstralion programs are made in Appendix B4,

It should be streesed that the basic programs required to
cperate the filing and listing functions are very simple



and could be produced without making use of any sophis~
ticated technigues or computers.

Some of these more sophisticated techniques hava boon
discussed to give some idea of the analytical possibil-
ities. In fact there is no reason why some institutes
should not use the file in its simple form whilst others
convert it intoc a more complex form.

4, Methods of Representation and Analysis

4,7. Particular attention has been given to the use of graph
theoretical methods to handle the complex theoretical
constructs (Appendix 1)

4,2, Graph theory and related technigues have been used in the
fields of artificiol intelligence {Appendix C2), poersonal
constructs (Appenduix C3), input/output analysis (Appendix
€5) and semantic matrices (Appendix C4), These particu-
lar uses are closely related to those possiblo in connece
tion with this project and represent -areas from which
analytical techniques and computer programs may be ob-
toined and adapted. ’

5. Etarlier Initiatives and Sources of Concepts

5.1.. There have of course been many previous initiatives in
this field. Some of these sre discussed in Appendix
D1. Efforts to develop conceptual discionaries are
discussed in Appendix D2,

.5.2. A number of different techniqgues and proposals are dis-~
cussed to establish the special focus of this project
in relation to them -- citation indexing (Appendix D3,D7),
the Universal Decimal Classification and Dowey systems
Appendix D4), tne Aligned List of Descriptors (Appendix
D5), the UNISIST World Science Information System (Appendix
D6},the International Standard. Buok Numbering Technique
(Appendix DB), and the SATCOM recommendations (Appondix D11},

5.3. Sources for the social science concepts required for this
project are suggesied in Appendix D9. A list of organi-
zations, mainly international, which might be interested
in one or more aspects of this project is given in Appen-
dix D10.

6. General Considerations

Mosi earlier initiatives and proposeols examined seem to fall
foul en ona or more of the following difficulties:

6.1, The simple znd unambiguous administrative task of filing
entities is merged into the complex intellsctual task of
coding and classifying tham. This makas the whole project
lengthy, costly, and complox. ’

6.2.

6.4,

6.5.

5

~-In this project the identificotion 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 aond 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 derfved from a classification scheme
is avoided.

The savings in labor associated with this technigque are
only significant in a system in which all operaticns

are manual. Where computers can be used, the tuo -
types of operation can be distinguished in order to

save rescurces, speed up operations and incresse the
flexibility of recpnceptualization of any classification
scheme,

The classilication of theoretical constructs may be as-
sociated with an intellectual and material investment in
a document physical-lccation system. This opposes any
Flexibility or major reconecptualization of relotionships
between entities.

-~In this project thers is no direct relationship between
the classification scheme{s) and the physical oroblem
of locating source documents.

The classification scheme may be rigid and "final", based
upon a high commitment to a particular set of theoretical
assumptions of limited comprehensiveness, and therefcere

.unablo to adapt to new types of interrelationships.

~~In this project both rigid and rapidly evolving class-
ification schemes can be used to interrelate the entities
handled.

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

-=-In this project both exclusive and hospitable schemes
may be used. This gives it a wids range of uses.

Some systems are specifically designed with -the special

problems of a particular field of knowlecdge 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 therefcre increase the difficulty of en-
suring adequate funds over a long period. (The degree of
Yhygiene® introduced may ba inversely proportignal to



6.6.

6.8,

6.9.

6.10.

“the utility of relevance of the system to potontial
users.)

Exclusive or rigid schemes, once crested, are viewed and
defended s uniqus and "universally appliceble" by their
proposers, thus eliminating any possibility of more com-
prehensiveness, betler-funded, joint efforts.

--In this project, evcry effort has been made to ensure
that it does nol becogme associated with perticular
schools of thought, organizations or personalities who
might resent criticism cf their perspective and alienate
potential collaboraters. All such individuolism is
contained within the model lLuilding activity which does
not jeopardize obher nmodels or the project as a whole.

Even adequate universal schemes may become viswed as authore
itarian and a vehicle for some form of conceptual imperiale
ism. Unfortunately the organization uf rclations betwoen
entitiecs is equated with the imposition of s new set of
relations. The organizers are perceived as acquiring power,
Such systems may give rise to a proliferation of competing
alternatives (or groups of users with slightly different
pcrspcctives on subject areas (r.g. UDC, Dewey and UN/DCCD
Alignec Lisi of Dcacrlp;ura) wha peed a tocl with ullghtly
different propcrtle

~--gee 6.5.

The actual precedures for incorpaorating new sntities into
any "approved” list wilhin the system may appear bureau-
cratic and stultifying unless the system is user~orientod.
There is therefore the old problem of minimizing the buresu-
cratic desire for due proucess and arder and maximizing

user parlicipation.

-~In this prcject suggestions have been made concerning
meens of maximizing user participation.

The system may be designed with only one type of user in
mind, s.g. scholars or students. New eystems, which compate
for the same resources, then have to be created for olher
users of the same data.

--In this procject some consideration has been given to
methods of introducing "filters” in conjuncticon with
special mcdels in order io show special relaticnships
between entities in a manser significant to other types
of user.

Some of the needs of users nol immersed in the Western
cultural perspective have also been considerced.

The notation used to indicate the position of
a classification schene may be very cemplex.
date handling very difficult.

an entity in
This may make

«
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~-~In this project it is not necessary toc use s notation
in order to file the entity. Only a simple sequence
numbcer is required. To indicate its position in a given
model, cross-refercnces are inserted which again take
the form of simple sequence numbers. In some models
the eniity moy bLe defiped by its relationship context
rather that by any special nclation which users are fres
te add. A standerd notation for use in print, but ir-
dependent of the organization of the gystew, ie sugges-
ted in Appondir A8,

The system may be viewed as a "ons-cghot" job using all the
appropriale specialists. This is the case with scme concep-~
tuol direclories. [Lven sg, non-participants ~riticize lhe
position taken Ly the parlicipants, thue suggesting the nced
for new projocts.

--In this project it is not necessary to limit clessifi-
cation Lo the views of one specialisi. A number of com-
peting specialists con participate together er uUpd“ tely
without joopardizing the ability of the system Lo adapt
and respond to new preoposals,

Systems may be siow (uvp to decades) in responding to pro-
posals lor change, Lo the pcint of acting as a consiraint on
innovation to these dependent upon them.

~=In this project, modifications and slternatives can be
handied without difficully.

A systém proposal may raise problems of standardization for
purposes of hardling biblicgrophical or other data. The
system design may {hen become 2 pawn in the debate between
the different schools of standardization and information
handling.

--In this projoct there are no features which could become
a major issus in the onguing debats, since it is not
a conventional documentatiion system and doec not have
major bibiiographicsl concerns.

A system proposal may become @ pawn in the debate betueen
different shcoeld of classification.
~~=In this project elternative classification systems may
pe handled,

A systen proposal may constitute & threat to other sysiems
competing for the same resources -~ particularly 3f major
char.ges are prosesed for existing systems.
--This prajoct doss not appear tc compete with othsr
systems. It cen be considersd complementary Lo some
documenrtation systems.

A system may demand, or be designed tor, ccmplex computer
systems to Lhe point of being unueceble in less-iichly-endouwed
envircnments,

--Titis project I1s based or. a very simple filing ayeten



for entities and relotionships between them. The
resulting file may however then be subjected tc anaolyses
of varying power depending aon the computer environment
available. .

16.17. A system design may raise fundamsntal theorctical issues,

§.18.

and therefore alienote important potential supporters.

--In this project the accent iIs on providing a simple
technique for filing entities and rclationships in a
way which permits a number of general analytical and
display techniques to be used. Cvery effort has
been made to avoid giving a final ond exclusivo def-
inition 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.

A system may raise difficulties concerning the status of
the entities handled as "knowledge" or in relation to
language and semontics.

~-The description cf this project -- but not its operaticn=-
is paradoxically subject to many of the terminological
problems it is intended to solve. An attempt has there~
fore been made to discuss samontic fields (Appundix £1),
problems of language and translotion {Appendix £2), the
status of a discipline as a language (Appendix E£3), the
relationship between knowledoge, and informution {Appen-
dix £4), and knowledge as a evolving structure (Appendix .
£5). The problems of natural language information proe
cessing have been avoided.

Future significance.

This report attemplts to lay great stress on the distinction
between a document-oriented information system and what has
been termed a knowledge-representation system. This project
is consicdered to be a step towards more effective knowledga-
representation. To clarify the distinction even further and
to show the possible lTuture significance of this effart, an
attempt has been made in Appendix F1 to cowpars an ideal doc=
ument system with an idesl knowledge-representation system,

Next Step and Funding Required,

The phasing of the project is discussed in Appendix A1, The
next step is to obtain critical comments on the variocus pro-
posals but forward and to undertake pilot projects in some aof
the following areass

~--file organization and computer program development or
adaptation

~-pperational and logical problems of classification with
models in a few test areas

--computer simulation of fila movement, modelling activity

and behavioral complications in a decentralized, minimum
organization environment
~--computer simulation of different strategies to keep the
system "open® without it becoming uncontrollable
-~-preparation of a grephics demunstration program as a means
of gunecrating further interest and showing the power of
this technique.

Exactly how much pilot project activity is required will depend
upon the speed with which it is desired that the project a3z a
whole should move forward and the range of interests it is
desired that the project should serve. These must be decided.

No comments have becn made on the funding required since

cost estimation depends on decisions taken for the next
stage. The computer progroms envisaged for the filing of .
entities and relationships ond generation of lists and thesauri
oro however foirly simple to prepare and cheap to run. The
other major costs would be collection of conceptual entities
(unless done veluntarily by a team using existing material),
administration {unless incorporated within the budget of some
existing insiitute) and itravel costs of these concerned with
modelling {unless it was decided to switch immediately to the
postal modelling concept outlined in Appendix A1},

A list of organizations, maxnly internaticnal, thrcocugh which
further support might be obtained for this project. is given
in Appendix D10,



1 Appendix A1

Organization of Project.

The success of a project of thie type would be dependent upon

the extent to which any central organization can be avoided

in favor of a process of catalysis. There is too much to be
dgone to run the risk ef jurisdictional, behavioural, and pere

sanality problems associated with @ ceontral erganization,

These could rapidly alienate pectential support. The problem

is therefore to bring irto eristence a decentralized netvork

of groups werking on different saspects of the project, but

able to exchange the results nof their activitias without dif-
ficulty.

(1t is important to remember that it is probably impossible
to "oprganize a whole ares of knowledge because the latter is
well subdivided into territories and “starping grounds" «whose
incumbents are reasonaltly content with the cucrert situation.
it may, however, be poassikle to offar them a neutral device
by which they can each facilitate and order their aun purtic-
ular approach, and, as a by-product, see more clearly its re-
lationship to that in other "neighboring"” territorics. Having
by ihis means obtained o decenurelized picture of the current
situation, it is then possible to lobby the incumbents into
participating to some degree in inter~territory efforts at
organizing areas of knouledge whilst guoranteeing safequards
for the protection of their "sovereignty™".)

A. Launching Phases,

A number of Phoses can be envisaged, some of which could
overlap. '

1. Investication. During this Phase thz project would be
investigated in detail hy circuleting proposals zmeng
appropriate specialists, The main ebject woculd bs Lo
ensure that the proposal is oriented in the right
direction, and that funds for pilot projects are ob-
tained. This Phase may be considerwd te be underway
already, through tLhe acticns of the COCTA commitiee,

2, Pilet Brgjects. During this Phase, efforts would be
devoted to the following areas:

a) corputer program developrent and file crganization

b) operalional and logicazl problems of classification
with models in 2 fow test sreas,

c) computer simulaticn of file movement end modelling
activity in a decentralized, minimur-cgrgenization
environment.

It would be particularly valuable to gain some in-
sight into the beghavioural problems ef rivalry end
suspicion between medel building groups, and of-

forts Lo "take over" the system.

¢) computer simulaticn of different stratcgies to
keep the system "open” to theoretical formulations
from as-wicde a range of sources as possible whilst

.

trying to minimize the inclusion and retention of
formulations of dubious value.

Agreement on Standard ormats. On the basis of the
previous Phase, standard formats for filing new formu-
lations and for holding them on magnetic media would
be agreed. Since this is o new type of project, it
should notl encounter the apparently insurmcuntable dif-
Ficulties of those concerned with organizing the com-
puterized exchange of bibliograprhical information.

Preduction of Standard Smlution. Once agreement has
been reached, o standard sofilvare computer program can
be made avsilable to all those bodies which wish to in-
itiate some concept modelling activity, or to acl as

2 cenlral filing peint for their particular copsti-
tuency. T is possible that initially only one body ”
will be active, possibly as an extension of the pilot
project stoge.

[iling Precedure., Once a standard filing form is devel-
cped, there should be no difficulty for any group in re-
ceiving and filing theoretical formulaticns, This can
of course be donme by mail.

By Filing is meant the purely administrative activity of
prepuring the forms for the computer. There should be

a8 minimum of judgementel effort at this stage, and none
with respect to the theoretical problems of Lhe subse-
quent modelling aclivity. Ths object is to gect the in-
coming informntion into a form which facilitates Lhe ac-
tivities of the members of the modelling bodies,

The area of c¢ifficulty which does regquire examination is
that of how to decide who should not be permitted to sube
mit concepts for filing into the common data bzse. This
point is concidered below,

B. Periodic Operations,

1’

Lists of lormulations, Periodically the sequence of
theoretical foimulations held on magnetic tepe should
be scanned tc produce lists for circulation to Lhe
modelling bodies and, if required, their wmembers. Tuao
types of lists can be envisaged.

a) lists of newly-registered formulaticne which must
be scanned by each modelling body le ses whether
they are in any way relevent to its cancerns

b) 1lists of the complete sequence of formulations for
newly formec modelling bodies wishing to re-examina
all possible formulations and intercelate them in
their own way.

Modelling or claszsification, The lists derived from the

previous opsration can be exsmined by the modelling
bodies in commii{tee or distribuied by post to their mem-
bers. From these (pustal) deliberations should emerge
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a collective opinion an the place within the classie
fication scheme, of sach theoretical formulotion re-
viewed, If necessary, a "provisional"” view can be
formulated by the use of appropriate coding, In fact
this might be a most useful way of submitting a com-
mittee's view for wider consideration. Different
degrees of "defipitiveness" could thus teo envisaged,

Fepdbsck of Modal Information. The details of the

place of the formulation within a particular model
would be indicated on a stondard form which could be
returned by post for keypunching and incarporation.

A modification of this approach would be to permit
individual committee members to each return forms

for any new entity under consideration. In this way
all the alternatives would be incorporated into the
mocdel witn some "provisional® code so that each

member could sce the proposals of the others, and
their implications. In some cases,; this could even

be operated us a means of postol voting on the treat-
ment of controversial formulaticns., The administrative
load of the committee is in this way largely computer-
ized. '

Input of Mgdel Information., The forms from cach model-
ling body wculao be nancled at the central registery’
peint (for that constituency), keypunched and fed onto.
the magnetic tape file. Keypunching errors would be
corrected thare as far as possible.

Production of Mode] Amendment Lists. Whenover required,
the formulations incorporated into a given wmodel would
be seclected and sorted into the thesaurus-type struce-
ture oppropriate to the model and listed for distrie-
bution back to the members of the modelling body, This
gives members an updated model with all the formula-
tions coded to different levels of "provisionality®™,

Members can then reconsider their vieus and procoeed
from Operation 2 above or, alternatively,for thosa
formulations which have been classified te the agreoe-
ment of all concerned, the term allocation operation
msy be initiated,

ABllocation of Model Terms.Working from the formulations

structured into a thesourus-type order, members can
allocate terms to each entity in English and whatever |
other lanquages are considered necessary. Again, there
is no reason why "provisional” coding should not be
used to cover various working cycles of term alloca-
tien. ’

 Feedback of Term Information. As with model information,

the alphanumeric terms allocated to each formulation can-
be indicated on 2 standard form which could be return-
ed by post for keypunching and incorporatiocn onto mag=-
netic tape. ‘

4
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8, Input of Term Information. The ferms from each body
alleocating terms within a model would be handled at
a central registery point, as with the model informa-
tion itself.

9. Production of Term Lists. Whenever required, ths for-
mulations incorporaled into the model would be selec-
ted and sorted into term lists, either in alphanumer-
ic order or in terms of a thesaurus-type structure.
This gives members an updated model expressed in
torms coded to differsnt levels of "provisionality”. -’

Members can then reconsider their views and proceed
from Operation 6 above.

1t is clear that the above operations permit a quite
extensive degree of "de-committeefication”. Members aof

a modelling body can individually register their viecuws

and preferences by post on each formulation in the model
and in their own time. The resulting lists are circulated
and amended to firm up progressively the consensus on 2ach
point until final agreement con be reached. Alternatively,
if this is a final difference of opinion, then this can be’
registered as such. Actual discussion need only take place
when the accumulation of cases (which cannot be handled

by correspondence and a "modelling bulletin®™ mechanism)
merits such contact,

Subsequent Phases.,

R number of Phoses can be envisaged which follow on from
those detailed in “A" abegve., They do not, however, modify
the basic operations noted in "0".

1. File Movembnt. One of the disadvantages of isolated
registration points is that formulations common to two
or more constituencies will not necessarily bes juxta-
positioned, In particular, unless each such point is

. allecoted a block of sequence numbers, there are lioable
to be overlaopping sequence numbering systems which
would jeopardize the whole project.

One means of avoiding this, aside from allocating blocks
of numbers to each registering point, is to circulate
copies of the files between registration points. (£ither
the topes Lhemselves could be moved, or data links

could be used.) This might be considered a standard
procedure by which duplicates in all nesly-added formuy-
lations could be located and grouped together for con-
sideration by each of the interested modelling bodiss,
priar to arriving at a "final" decision.

The circulation of such information can be made very
rapid. A courjier file can be circulated betwsen the
registration points for a particular discipline. Infore
mation is copied onto and off each such sub-specialty,
file. At one point in its movement, such an intra-
discipline file could interact with an inter-discipline

»
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file (e.g., for disciplines in the same group) to permit
a similar two-way transfer to taoke place. Similarly

a higher level courier file moving between groups of
disciplines could permit lurther exchange.

In this way cress-disciplirary confusion ceould be
avoided. Clearly refinements are possible by using
mission-oriented files or gecgraphical area files.

The system is very flexible. It could even be made to
interact with "classified" files by wusing security,
subject matter and evaluation filters to govern the
interaction.

The key feature is that it does not require mare than

a bare minimum of overall srganization or fumding. It
can be extended very loosely in response to the initia-
tive of any highly specialized discipline. Registretion
points are created wherever (in terms of subject,
jurisdiction or geographical level) there is sufficient
common interest -- i.e., motivatien plus resources. This
gets arocund the current situation in which vain

attempts are made to get significant funding for gen=-
eral multi-purpose projects, particularly via any
international pregrom.

If cross-jurisdictional problems arise in particular
areas, all the administrative work thecre may be del-
egated under contract to some party judged to be im-
partial and uninvolved -- a cemmorcial computer
service bureau, a university, a novernment agencyjor
a user cooperative point might be organized.

The costs inveclved at each collecting point are

(a) conversion of information and queories to machine-
readable form

(b) processing and output relevant to immsdiate user
contacts .

(c) tronsport ceosts of the courier file to the next
collecting point.

The funds are expendsd lecally in a manner which can

be immediately justified and yet this results in moking

available currert information from points very concep-

tually distant within the system.

Accredited Scources.

It is clearly an advantage to allocate responsibility for
modelling group activity in a particular domain to the ap-
propriate international professicnal organization.

The difficulty arises in determining which sources of inlor-
mation should be recognized by such modelling croups. In
the earlier phases when the group is werking through the
standard texts, few problems should arise. But cnce a

model is available for inspecticn, probleoms will arise in
determining whose suggestions for additions or zmendments
should be accepted. Wilhin a well-dofined profession this
difficulty may be avoided by recognizing enly accrecited

2
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members of the profession., The right to submit amendments
then becomes a tight accorded by the profession. This
procedure will undoubtedly lead to conflict when areas
common to a number of disciplines are considered (e.q.,
the social sciences, in general), unless each discipline
is restricted to its oun model.

A distinction should also be made between tha right to
file an entity and the right to suggest amendments to the
model. There is soms adventage in giving wider access
for filinmg, but limiting the "retention period"” af the -
?ntity filed according to be profesional standing of the
ilers, :

AR later developnent could be the possibility of retaining
entities only if a supporting "vote" was registered by an
appropriate number of appropriately accredited persons.
The degrec of support would be a "real time" measure of
the degree of significance to the discipline of a given
theoretical formulation. '

Whatever procedure is adopted it is essential, for the
vitality and general relevance of the project, that a wide
range of people and arganizations should be in a position

to add entities to the file -- given a few simple safequards.,
In this way the interests of every relevant discipline,
school of thought, problem area, "epproach" or paradigm
should be pretected. The system would therefore be "open"

to social scientists writing in any language (for lanquage
problems, see Appendix £2), or taking any epistemnological

or ideological position.

v



Appendix A2 2

Classification and Modelling . . 2.

Coverage of all knowledge (inclusiveness)
3. Hv)nxngfulnvns of all terms

There is a considerable terminslogical variation in the scien- 4, fHeaningful differences between terms
tific literature that characterizes the use of the torm "class- 5. ngn1f1cant arrangenent of terms
ification". Dalenius and Frank, after making this observation {*) 6. Provision of a specific place for every existent or

define the term as follous. non-oxistent, past, present or future, topic or field -

infinits hospitalit
"Consider a collective of .nbjects of some kind and a 7 éniquu a;ra:ggment og)terms
set of mutually disjoint classes. Every objact be- - 8. Uniguely defined notation for each term.
longs to one, and only one, of these classes. OBy
classification we will denote the act of assigning Mayne then notes that the limitation of the tradltional classi-
the objects into these classas. .

fications are
In taxonomy, classification indicates the act of

creating classes according to some principle, the term . ;' é:gghai;ngzgpggxgiganlzatxon

" - S NS e . ’ . 55

ufgg"g;régiilog e;s ugedt;gregiz°ig£;§attag EZrm 3. Inabxllty to adapt to the advance of knowledge so that
"Zoﬂing" is‘rgtier.ambzguoust wo refréin fFrom : these classifications fairly soon become incomplete

i;zduii :iiz,ogugrmigtig?eizzz :éqizxiéggilognas : He concludes with Shera that the hierarchical form in itself is
the literaturs gealin ith e : la*iog cene  ° not a sufficicent basis for ths classification of knowledge and
S’Ze_ e £ g ui +9- populac n . thot whot is required is a directed graph, or non-hierarchic
uses. representation. .

Classification is a major operation of such sta-

tistical studies as a census of population or o As a consequence, Mayne then revises the traditional requiree

census of business. Thus, the units cnumerated ‘ ' monts for clossification:
i en f po ation are assigned into classe - : . : : i P ‘ .
QZF?n;d zzzhoregpzzt to Tax agadlggatusngr ei; 8 : 1. -is considered invalid for the classification of
3 Sex, ’ P . . knou).edge
loymunt, etc. ikewi he i : in 2
coneus of businsss are assignsd inte elasece don | 2-6  -romain ossential
Finedawith :es ect to e“f iota‘ turnov;rd" . 7. -1s'not possible with a hierarchic classification
P G- = ° . schema but becomes possible with non-hierarchic or
. C s . . R . . ) directed graph representations,
This definition, whilst cppearing to be inclusive, in fact only . : © graph rep on cps
- o . X . ses 8. is considecred impracticable for a general classifi-
covers one type of classification, nawmely hierarchic classifi- cobin f K ledge (which its M t
cation where classes are mutually disjoint. Classification of for anmzemogii z Eipm”r;r CZizginsg 2£2?icua?;3f§
theoretical formulations is one area in which claosses may or ’ yste sp e

may not be mutually disjoint, The relationship between hierarchic and non-hierarchic class-

Rlan J. Mayne (**) notes that J.H. Shera has mode an excellent . ' ification schemas has been the subject of considerable work by
general assessment of the problems of genural librory classifi- ' Jgrdxnu and Sibsen (*). Thry ar? particularly lntefPStOd in
cation in an article of his, originally published in 1953 and the stability of Lhe classification produced by a given methad
represented in his book, Librories and the Orgonizotion of . as the omount of information (or number of attributes) is in-
Knowlerdoe. Mayne adopts Shera's basic requiremenis for trodi- ' : creased for the entitics being classified. They are locking
tional classification to give —— for measures of distortion introduced by the imposition of 3
1. Linearity of bject arrangement (to pesrmit ease aof . i .
lgg;zién o? bizkgagn iibigay shel&es)p (*) cC.2. Jordine, N, Jordine, and R. Sibson., "The structure

and conclruction of taxocnomic hierarchiss." Mathematical

Biosciences, n°® 1, 1967, 173-179,
{*) T.E. Dalenius and 0. Frank., "Control of classificaticn.”

Review of the International Statistical Institute, 36,3, N;thZSlg? ?2?pnt §ibzog. 1;28m022é Zg; taxonomy." Hathe-
1968, 279~295 (includes formal description of classifica- & - O2CICENCES N & ’ - .
tion and introduces various parameters useful for control N. Jardins and R. Sibson, "The construction of hierarchic

purposes) and non-hierarchic classifications.” Computer Journal,

. o

(**)} Alan 3. Maype. "Some modern approaches to the clsssifi- ne 13, 1068, 177-184.
cation of knouledge,” The Classification Society Bulletin, R, Sibson. "Model for taxonomy II®, Mathematical Bio-
1,4,1968, 12-17. : : : .

scisnces, n°® 6,1970, 405-430.

N. Jardine and R, Sibson. Mathematical taxonomy.  London, -
. Wiley, 1971,



given classification schema.

They develop a set of conditions for evaluating cluster methods
used to derive hierarchic classification schema and show that
the majority of cluster methods fail to satisfy these condi-
tions, the only exception being the "single-link" or "neares:
neighbour"” method. The latter can be givep a simple graph=-
theoretical description which makes clear its defects as a
method of cleassification (*). The defect of the single-link
nethod is that it clusters together at a relatively low level
entities linked by chains of inlermediates. This deflect 1is
generally called "chaining”. They note, however,that to call it
=z defect of the single-link method is misleading, because
the graph-theoretic description mokes it clear thaet chaining
is <imply a description of wvhat the method does.

Jarcine and Sibson suggest that the limitations of the single-
link method are limitotions of the hiersrchic classification
itself, and that these 1Jimitations can be overcoms using a
(mathematically) more goneral system of classification. In
particular, they note that it is possible to develop numerical
syslems of <classification that reveal the kinds of information
that are concealed by chaining, for example, informntion obout
ihe relstive cohercnce or homogeneity of clusters of entities,

Where clusters are permitted to nverlop one would expect that as
tre degree of overlap is allowed to increase, so Lhe occuracy

of the representation of the cntities should increnase, although
at increased cost aof complexity. In the limiting case where ar=-
bitrary overlap is alloued an exact representation of the ori-
ginal data should he obteined. These intuitions are precisely
expressed in the generalized model developed by Jardine and
Sibson (1968), covering both hierarchic and non-hierarchic clase
sificatory systems.

This generalization permits Jardine and Sibson to conclude that
classification is a two-stage process. The first stage is the
cerivation of a dissimilarity coefficient based upon the dis-
tribution of states of characteristics (attributes, or proper-
ties) arong the entities to be classified. The second stage is
the derivation of a classification from the dissimilarity coef=-
ficient. The single~link method is then regarded as the first
term in a sequence of classificatory methods giving successively
mare accurate but more complex representations of the entitiss.
Within this theoretical framework it is possible to define
measures of the distortion imposed by a classificatory system,
and of the relative isolation and homogeneity of clusters.

{(*) see: M, Wirth, G.F. Cstabroock, and D.J. Rogers. "A graph
theory model for systematic biology." Systematic Zooleay,
n°® 15, 1366, p. 39.

Comment.

The above work makes it clear that classification can intro-
duce distortion and that this can be aveided by using a dir-
ected graph representation. In this project the distinction

is made between the filing process, the classification process,
and the term allocation, But in the light of the above argu-
ment, the classification process could be split into two stages
which correspond approximately Lo the two stages distinguished
above.

It is useful to think of the first stage of the classificatioen
process as one of "relationship indication", in which the
relationships of a given theoretical entity with other enti-
ties ore inserled. This results in a (directed graph) net-
work of entities which can be searched by computer, particu-
larly to detect clusters with certain properties. This stage
corresponds to the determination of similarity or dissimilar=-
ity between entities.

In a sscond stage, the above nctwork can be distorted so that

its elements can be fitted into a chosen set of classes witlh

a certain relationship to one enother. This is "classification”
as opposed to the previocus phase which inserts releztionships
irrespective of ony class boundaries. It is convenient to

coll this activity "modelling". Clearly the modelling ac-

tivity is a valuable preliminary to "classification". It is
particularly valuaoble in that once completed, different

systems of classilicalion can be compared using the entities
intor-related by the model, i.e., different degrees of distor-
tion can be imposed upon the network of entities zccording to

tha immediate needs of the user. It may be useful to think of
modelling in this context as a long-term multi-person activity,
whereas a given classification can be selected from the modelled
entities in terms of short-term, need-oriented considerations
which permit certain relationships in the network to be consider-
ed as "irrelevant” ~-- permitting the isolation of simple, possibly
hierarchic, classification schemas. In some cases, it may
however be preferred not to distinguish modelling from classi-
fication and to blur the two operations into ane another.,

Control of Clescificaticn.

There is ample evidence, according to Dalenius and Frank (see
above), that the classification operation may be rather sus-
ceptible to errors: objects are not assigned into the proper
classes. As a consequence, there is need for control. As a
basis for a control of the classification operation, two

kinds of schomas for verification have found extensive uses:
schemes for dependent and schemes for independent verification,
respectively, (*)

(*) For this distinction, see M.H. Hansen et.al. Queality
control in the 1960 census. American Society for Quality
Control, Proceedings of 1962 Middle Atlantic Conlerencs,
Milwaukee, Wisconsin, 1962,



An example of a scheme for dependent verification may
be described in the following way. The “preduction
classifier" (that is the claossifier carrying out the
classification that is to be verified) assigns an
object into a class by putting one or more digits on
a schedule carrying the information collected for
this object. 7The schedule is then handed cver to

the verifier, who inspects the outcome of the work

of the production classifier, and approves or dis-
approves of it,

Independent verification cells for having an object
assigned into a class by two or more classifiors, who
operate independently of eoch other. The verifica-
tion procedure exploits, in the one way or the other,
a camparison of the outcowes of the works of the
classifiers.

Dalenius and Frank have investigated a means of evaluating
various alternative procedures for indepecndent clossification
vhich might be of use in designing the procedures of modelling
groups ond testing their consistency. They provide a rational
means of attacking the problem of whether and how one should
use a small number of highly qualified clossifiers, or a
larger number of less qualified ones -- although they do not
appear to consider how extra weight might be given to the more
qualified if a mix were used.

Filing and flassification.

It is a basic feature of this proposal that there are major ad-
vantages in separating the filing of new entities from any
modelling or classifying activity.

(2) 1In the case of census data applications, possibility af
using computer methods to simplify the relationships be-
tween a team of classifiers is touched upon by Dolenius
and frank who make a very clear distinction between the in-
formation as filed under an identification record (i.e.,

the seguence number, in this case) together with a census record

giving any verbal data (i.e., the definition and conventional
label, in this case), and the class label as decided by the team
of experts (i.e., the relationships determined by the model-
ling activity, in this case).

(b) In the cose of document indexing opplicotion, no distinc-
tion is made between [iling and clessification, Because
of this, the odministrative problem of filing and the
qualified expert problem of clossification combine to
create severe problems., Two approaches within this frame

aof reference are envisaged:

-- sharing the burden of classification (and filing) by
transferring this functisn to the producers of documents

--~ reaching agreement on unique, or compatibla classifica-
tion schemss and indexing languages

The UNISIST (*%) Study noted that little progress can yet be
reported in tho way of indexing-at-source and that a serious
limiting fuctor to any form of cooperative indexing is the range
of acceptobility of the proposcd indexes. Even the all-embra-
cing and widely used U.D.C. has adversaries. The Study also
noted that it is unlikely that the concept of a universal
scheme will even make any practical sense in the realm of deep
content analysis (p.46). The reasons are the obssrved differ-
ences in the semantic bosis of indexing languages which are
the consequence of well-founded differences in outlook and
interests on the part of a highly-diversified community of
users.

All that can be looked for, according to the UNISIST Study,"is
the existence of semontic relations between the different lex-
ical sets (be they called classifications, lists of disc
thesauri, automotic dictionarics for converting natural lang-
ucge into infarmotion language, etc.). The study of these
relations is the subject of ongoing research on tha "compata-
bility" of indexing vocabuleries .... the subject is now receive
ing much attention, as an essential part of projects aimed at
cstablishing vorld-wide interconnections between information
systems." (p.46)

It would appear from this, that the distinction between the
impracticalitios of classification and the practicalities of
"relationship identification” (i.e., modelling) is becoming
estoblished. But the Filing or administrative aspect of
"entity copture” is now blurred into the modelling phase. There
is as yet no suggestion that work on “"compatibility” would be
considerably facilitated if similar filing technigques were

used prior to Lhe asctivity at the modelling level st which the
"well-founded" theoretical differences arise., Standardization
is possible, but at a3 lower level consistent with user require-
ments, Until this is realized the relationship between lexical
sets cannot be handled systematically by computer methods.

Advantages of Mumerical System.

The three major advantages of a sequential, non-significant
numbering system for entities are

--facilitotion of cdministrative activity Ly removing
the burden of requiring that the file number receive
the "imprimateur" of an overloaded qualified expert

--preparation of the basis for a proper semantic analysis
by avoiding "the difficulty encountered in manigula-

. ting semontic reality without the assistance of o cor-
responding concrete reality" (*) and permitting

(*) A. Mortinet. "Arbitraire linguistique et double articula=-
tion.” Cahiers Fernand de Saussure, 15, 1957, 107 {cited
by Georges Mounin, Les problémes théoretiques de la Lrae
duction, Paris, Gallimard, 1963, p.122-123).

{**)See Appendix Db.
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rsemantic facts to be treated irndependently of thoir

fo n [x Types of Model
formal (linguistic) supports " (*). T . )
dmission of "artificisl" Lheoretical entities (new con- It'is important to keep in mind the many possible uses of
-—2e~ts~ groupings of other concepts) for which no simple the proposed computer-based filing system. Cancentration
tegm exists or for which a guestionable meologism would have on one set of uses may not necessarily keep the system
to be invented. This is difficult in tha case of term alive eithar in terms of funding or value to current research
oriented systams. activity. Multiple demands on it would ensure multipli-
- . city of fund sources and many bodies willing to faeed in

entities and assist in different aspects of the coding.

The fellowing types of model are an illustration-of ths
possible lines of development. The list does not pretend
to be exclusive so that other kinds of model could be
included. As attempt has boen made to group the models
into types which in same cases might usefully be trealed
on the same occasion by the responsible modelling group.

It is impertant Lo ncte that the mcdels are not only simple
hierorchies but can also be nelworks of relalionships
in casus whore categories oveirlap or one entity can be a

E corponent of several other entities (sec Appendix A2 ).

Croup I. Current struclures.
This is a paor title but refers to all the wourrsnt
and naw structures and relationships as made up
of:

a. Compositional models
These models would be primarily concernad
with the manner in which entities are nested
within one another to form hierarchies. Six
types of relationship are possible here in
three sets of two.

1. MNMeta-level: reference numbers of all
’ entities of which this entity is a com-
ponent.

(This relationship could be split into
twc sub-types as the cemputer-level dala
formals Tor other Lypes of model require
such a split.)

Examples are: theories in which this con-
cept is uscd, general class of concspls

to which Lhis concept belongs, general
preblems of which this preblem is a part,
organizations of which this orgarizaticnal
unit Is a member

2. Sub-level: refecvence numbers of all en-
tities which are camponents of this entity.
{This reletionshiv couid be split inta tuwo
sub-types for the sanc rewsons as above.)
Examples aie: concepls used in thic theoory,
e o e . concepts which belune to this class of
(*) A. Martinet. vi.cit. . cancepte, preporties or attritutes of this




concept, subL-problems of this problaem,
organizational units which are members of
this orgonization, stc.

3. Associcted referencs numbers of all rele-
vent entries which have a horizontal rela-
tionship to this entity.

a. Sec - also entities, namely those which
should also be borne in mind when consid-
ering this entity.

Examples aru: cases of insufficient tere
minological precision.

b. Use - instead entities, namely thosa
which should be substituted for this
entity.

Examples are: cases where an entity is
outmoded for that model.

Behavioural models

At the same time ihat the modelling activity
is undertaken on the compositionsl rglation-
ship in Ta, it should be necessary to consider
some non-compositional relationships to other
entities. Six such types are distinguished in
three sets of two.

1. Mata-level: refersnce numbers of all morce
inclusive entities whose values is potentially
modified by this entity. . .

a. Strengthened entities, namely those
more inclusive entities which are -
perceived by the modeiling group to
be in some way legitimated or reinfor=-
ced by the presence of this entity.

~ Examples ere: theaories which are in-
directly dependent upon tho validity
of this concept, probloms which arae
indirectly aggravated by the presence
of this problem.

b. Weskened entities, namely those more
inclusive entities which are porceived
by the mudelling group to be in come
way undermined or threatenod by the
presence of this entity.

Examples are: theories which are in-
directly undermined by the validity of
this concept, organizations whose
monopoly is weakened by the presenca
of this orgenizatian,

2. Sub-level: reference numbers of all lower
level entities whose value is po;cntially
modified by this entity

a. Strengthened entities (see abova)
b. Woakened entities (see above)

3. Asscciated: reference numbers of all entities
in other disciplines whose value is poten-
tially modified by this entity.

a. Strengthened entities (see above)
b. Weakened entities (see above)

Examples are: a purely economic
development theory that -is undermined
by a social development consideration,

Group II. Contextual structures

Rjain this is a poor title but refers to the his-
torical and comprehensional relationships which
canstitute a contex{ for the Group I current sit=
uation, and -would be used in learning about the
Group I situation.

a.

Cducalional models

These models would be produced by those modelling
groups primarily concerned with education and
making more sophisticated concepts comprehen-
sible. The concept of levels here is therefors
associated with "learning order”. Six -
types of relationship are again distinguished

in three sets of two.

1. Meta-level: reference numbers of the enti-
ties representing more sophisticated, ‘complex
or difficult to comprehend versions of the
definition represented by this entity.

a. Correct entities, namely those defini-
tions which are valid, and useful com=-
plexifications.

Examples: the chain from the “"billiard
ball" concept of an atom, through a
"miniature selar system", through Bohr=-
Summerfeld orbital model, then to a
symbolic representation of the “electron
cloud"-in quantum mechanics.

b. Incorrect entities, namely those defi=
nitional complexifications which are
useful educationally as an illustration
of less valid or less useful complexi-
fications (i.e., how not to conceive
of it)



2. Sub-level: reference numbers of the entities
representing simpler and casier to comprehend

versions of the definitions represented by this

entity.

a. Correct entities, namely those defini-
tions which are valid and useful sim-
plificatiors

b. Incorrect entities, namely those defi-
nitions which are less valid and useful
simplifications.

3. Analogies: reference numbers of entities
representing analogies which muy clarify
understanding about this entity.

a. Correct entities, namely those analogies
which are valid and useful

b. Incorrect entities, namely those analo-
gies which are less valid and useful

Historical models

These models uwould be produced by those model-
ling groups interested either in historical re-
search on the history of ideas or in providing
an historical framework to assist education. It
is probable that the educational and historical
models whould be considered tagether, which is
why they have been grouped. Six types of rela-
tionship are again distinguished in three scts
of two.

1. Meta-level: reference numbers of the enti-
ties which succeeded or replaced this entity
in the history of the evolution of the dis-~
cipline (organization, problem, etc.)

a. Correct entities, namely those defini-
tions which were valid developments from
that represented by this entity.

Examples are: the chain of concepts of
the structure of the solar system,

b. Incorrect entities, namely those defini-
tions which were invalid and fruitless
developments from that represented by
this entity.

2. Sub-level: reference numbers of the entities
which preceeded or were replaced by this en-
tity in the history of the evolution of the
discipline (organization, . problem, etc.)

a. Correct entities, namely those definitions
from which this entity developed directly.

0

b. Incorrect entities, namely those "com-
. peting” definitions in the samn concep-
tual milieu which did not constitute

a step in the formulation of this entity.

3. Associated: reference numbers of entities

contemporary with this one but insulated from

it within ancother culture or school of
thought, such that it did not then affect
the history of the evolution of the disci-
pline (organization, problem, etc.), namely
a parallel historical evnlution.

a., Correct entities, namely thosa which
corresponded closely to the definition
represented by this entity.

b. Incorrect entities, namsly those which

contradicted or undermined the definition

represented by this entity.

Group 1I7. Real world systemic relationships

The previous groups of models deal with the relation-

ship bhetween conceptual entities in anthropocentric

terms or within the logic of particular disciplines.
There is little concern for the effects of the pres-

ence of one conceptual entity on another in the

ecosystem of ideas, but especially the effects on one

another, across disciplinary lines, of components of
real world systems.

The best example of this distinction is the inter-

«Lisciplinary nature of environmental problems, when

for example, it is the real world interactien of
chemicals in food chairs which cause egg shells to
become thin -- leading to high chick mortality

rate of some bird species. For a social exampls,
the relationship shown between the entities, repre-
sented by hoxes in Figure 1, give a schematic
representation of the factors binding a Canadian
Indian to a pattern of problems.

The same approach as above may be used Lo handle
models of such real world systems.

1. Meta-lovel: reference numbers of entities rep-
- resenting systems of which this system is a
subsystem.

a. Positive entities, namely those systems to
which this sub-system contributes in some
positive manner.

b. Negative entities, namely thrse systems to
which this sub-system contributes in some
negative manner.

.



2., Sub-level: reforonce numbors of entities
representing systems which ara sub-systems of
this system.

a., Positive entitiss, namely those sub-systems
which contribute te this system in a positive
manner.

b. Negative entities, namely those sub-systems
which contributa to this system in a nega-
tive manner,

3. Associated: reference numbers of entitiss rep-
resenting systems which are part of the same
system (but unrelated to this enlity in any of
the above uays).

a. Positive entitiss, nomely those sub-systems
which contribute to this system in a positive
mannec .

b. Negative entities, namely those sub-éystems
which contribute to the system in o nagotive
mannar,

Group IV.JTerm-ocriented models.

Croup V.

In some cases where classification is rudinentary
or non-existant, the emphasis is placed immediaote-
ly on the terms. This is the case when:

(i) official terms are used and the definitions
are conventional or undefined as in many
library or descriptor lists. The entity
is defined by ihe term,

(ii) . a particular official definition exists for
a particular term as in official diction-~
aries (e.g. the Larousse Litré as reflecting
the decisions of the Académie Frangaise)

{iii) terms are related in a thesaurus without
definitions (e.g. as in Roget's Thesaurus).
Such thesauri may have many lcvels of
classificatan,

There is no reason why sach such set of terms
should not be treated as a model as in the other
groups. WYWhere appropriate, the clussification code
position would be omittad and only the term posi=-
tions used.

Administrative models.

The assumption made in discussing the earlier groups
of models was that the model was in some way o defi-
nitive structure on which new work would build. It
is however possible to uss the model building code

Group VI

7

to facilitate the administrative work an the delin=-
itive model,

(i) Preliminary models

Each modelling group can use one (restrictsd)
model to store features of the model which are
not yet finalized. Or else several preliminary
models could be experimented with.

(ii)[ntity hondling mndels

When entities ave first registerad it may be
useful to use one ar more rough classification
models to ensure that the entity, if inadequately
coded, is drawn to the attention of the modelling
groups liable to be interested in it,

Mission-orionind models,

An assumption made in earlier groups is that the
modelling bodies would all be discipline-ariented,
There is however no reason why mission-oriented
models should not be used where appropriate (e.q,
in connection with development, environmental prob-
lems, etc,)

Sroup VII. Interdisciplinary models.

Clearly it is most important to avoid a "babel of
models", A second level operation of model reconcil-
iation to form a set of interdisciplinary or inter-
model models could therefore be instituted when re-
quired,

_ *these could either (i) be constructed (automatically

by computer) from all the entities common ta the
models fram which it is desired to produce an inter-
disciplinary model, or (ii) be constructed by selec-
tion based on judgement of the best from each,

Group VIII. Ffutureg-oriented models.

Group IX,

A final assumption made in dealing with the earlier
groups was Lhot only the current or historical sit-
uvations would be modelled. There is however no
reason why speculative models should not be produced
showing the relationships between entitics at differ-
ent points in the future. The modelling activity

might then in some ways represent the Delphi method
of forecasting,

Personal models.

Perhaps a long term ideal is for a parson to be able
to "look at" (or interfere) with the basic list aof
entities in terms of his cwn model which is his per-
sonal "thought file". Cach new idea he gets could
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be usefully reflected in the structure of this Ffile.

It would not of course correspond exactly to the 2\ r“;ﬂ
models for his discipline but the precise points of §§ H<<;;§§§ ,gggg
difference could be established by computer analysis, 33 fggig 15;15
2 T

Clearly such personal models allow the person to ‘d///
think in the categories most meaningful to him with —_ //
the labels he finds most mnemonic. The translation :E -/
inte the terms of any other model con be done auto- E;b F "
matically whenever required. Such models would not gg% K1

07 L%

be widely circulated but might be very useful if
held on the file of a particular faculty of a uni-

versity.

{ v
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OBLEMA

Group X. Sub-madels.
In some cases a particular sub-branch of knowledge
may be fragmented by reinterpretation, reconceptual-
ization and redefinition of the seme entities. It
is then appropriate to use a "sub-modelling" strategy.
In other words, instead of requiring "dissident"
groups to conform or to divert their energies into a
parallel model with differsnces in a minor area, a
sub-model could be used to redafine that area in the
dissident group's terms. The sub-model would there-
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Group XI. Languages_as sub-models.
It may be convenient, for some purposes, to consider | —
the relationships between theoretical formulotions
used in a particular language as a sub-model, The

differences between the concepts encountered in )
Indo-European languages are relatively minor, so that éé
term equivalents pose no great problems, but should K &

s

it be necessary to enrich the system by incorperating

111

figure

theoretical formulations from other language groups,
problems could arise. (see Appendix E£2),

a)
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Types of Entity Included.

There is o very varied terminolegy currently is use to cher=-

- . - L. o o aclerize theoreticol products. Gunnar’ 5jtblom notes the use
! LENCTH l { ML ] ‘ MASS LjrmwnnTwm of conceptual (onalytical, theoretical) frameworks, analyti~
I TTTOC - ey col schemes, paradigms, erientatioens, frameworks for inquiry,

i

‘ thoory sketches, pre-theories,etc.{’)The same is true for the

LAhx }Wm—{amsum”nq «»«{nqgfﬁIv' Cri bl AL components aof the scientific process: .problems, observations,
1
i

FQUWALENT empirical genernlizations, models, derived propositions, hy-
IVQQRQI _ﬂ,{znm”ml”“\ potheses, theories, etc. It is unlikely that any immediate

agrecmnent could be achieved or a standard terminology, even
if this was in fact beneficient.

- g fach of the conceptual construcls represented by the sbove
[E:ffz] rﬁhz:] terms may be treated as an "entlty? which could be incerpo-
rated into a computer file. Once incorporated, efforts could
boe made to attach an appropriatle distinguishing code to them
within the framework of a given model, It is highly prob-
able, for example, that under different models the same enti-
ty may be coded differently, or alternatively that distinc-
tions important within one model will be insignificant in
- - another (s.g., theory and model; hypothesis and proposition).

The same system could well handle other types of entity at any
i time if required, such as: organizations, problems, schools

T of thought, thusoreticel viewpoints, individual authors. With
i respect to renl world substantive problems, which might be
ﬂgw.__"m l"'{ff,f',ml considered as irrelevant in this context, it is interesting
. to note onz author's comment:

{E:::
1“*“‘$;;5] . "The fact i1s Lhat most of the problems (in society)
[};, BN ; L'(] that we stand reody to consider are bogus probe-

lems. They are gencrated by theories about tech-
[ﬁvrﬁ!'-n J nological progress, and theories about the uway
e —— socicty works. Theory is often the only reality
countenanced by our culture.”
(Stafford Beer. "Managing modern complexity." In:
ﬁf‘“"““‘g The Management of Information and Knowledge; a
HEAT HLOA | cempilation of papers prepared for the eleventh
meeting of the Ponel on Science ard Technology,

II(A[‘»I\Y‘(‘N nOSAng '
Commitiee on Science and Astronautics, U.S.

Figure - Interrelationship of meusuring -tandards House of Representatives, 1970, p.43)

=1
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As a summary,the above entities are numbered below to facil-
itate ciscussion on possible groups of entities:

A. Concepts
B, Meta-concepts

1., theories 5., analyses

2. propositions 6. conceptual frameworks
- 3. hypotheses 7. analytical schemes

4, wmodels 8. theory sketches

(*) G. Sjoblom. Theoretical tecling of approaches in political
science (Paper presenled al a confercnce af the Inlernaticaal
Studics hssociation, Dellagio, 1971)



C. (Ceneral

1. paradigms
2. viewpoints
3. schools of thought

D. Assumptions

1. assumptions
2. criteria
3. values

E. Methods

F. Problems

1. substantive
2. methodolegical
3. problem fFormulation

(2]
.
jm of

ierarchies

. taxonomy

typolagy

1
<2,
3. classification

H. 0Operatiaonalization

1. indicators
2. indexes

I. Data

1. bodies of data
2. interpretations of data
3. observations

J. Secial

1. organizations

There is some advantaege in a two-level coding here, because
it might be possible Lo arrive more easily at agreement on
the more genaral level coding, even if there are differences
between models on the coding vithin that level. There is of
course the possibility that vithin a particular model the
grouping would be done differently, in which case the coding
scheme would be peculiar to ihat model.

51

Types of Holatjonship Included

It is not the intention of this projec
classification of permissibie relation
as no effort was mode to limit the typ

Appendix AS

t to set up a single rigid
ships between entitinc. Just
es of entities that could

be handled {Appendix M4), it should not be necessary to make the
futile attompt to resolve the intellectual problem of how many

types of relationship are significant.
futile on the part of any one group is

That the attempt would be
shown by Eric de Greolier's

excellent chapters on the expression of relationships in generalized
and specialized coding systems, in natural languages, and in experi-
mental languages (*). He concludes, in his UNESZO/TID supported
study, that it proved impossible to produce a systematization that
was "sufficiently satisfactory to warrant even preliminary publi-

cation”.

This conclusion should not howeyer lead to a decision to adopt saoms
hypothetical "best existing scheme" or to the formulation of a neuw

scheme. It should be recognized that
of handling as many different schemes
evolution of knouledge (Appendix [5)

attempts to produce new schemes of rel

the project should be capable
as possible, In fact the
is partly represented by
ationship and categorization.

Without recommending any particular scheme it is useful to attempt

to list out some of the relationships
variety that has been snvisaged.

1. De Grolier (**)

to give an idea of the

A suggested clarification of the sign ":" in the UDC (rejected
by the FID Central Committee on Classification for the UDC)

consists of the following relatioen

1.1. Appurtenance (belonging)
11 Inclusicn, implication
12 Parts, organs :
13 Components, constituents
14 Properties, attributes

ships:

141 " " physical
142 " " chemical
143 " " biological

15 Aptitudes, predispositicns

¢

(*) Eric de CGrolier. A Study of (Ceneral Categories applicable
to Classification and Coding in Documentation, Paris, UNCSCO,

1963, p. 17-60, 61-142, 143-158.

(**)Relationship sets 1-4 were cbtained from de Grolier, op. cit.



1.2. Pruocess

21  Action: acting en (subject), affected by (object)

211 Tlavourable (stimulation; increase)

212 Unfavourable

2121 Delay

2122 Inhibition

2123 Destruction

21 Interaction .

211 Favourable (symbiosis)

212 Unfavourable (antagonism, competition)

22  Operation, means used: process (subject),preduct,
result (object)

1.3. Dependence
3 Causality, origin, etc.
31  Cousality; cause (subject), effect {aobject)
32 Origin: originating (subject), arising from (object)
33 Conditioning, requirement: conditioning (subject),
conditioned (object)

3 Interdependence
31 Correlation .
32 Association -

33 Combination, synthesis

1.4. Orientation
41 Aspect, particular case
42 Application
43 Use

1.5, Comparison
51 Resemblance, likeness, similarity
511 Analogy
512 Equality, identity
52 Dissimilsrity, unlikeness
521 Difference
522 Opposition (of character)

The negation of a relation may be represented either by putting
a zero before the number used, or by putting over it the sign
used for this purpose in logistics, the dash.

Gardin

Four relationships are encugh to record the chief situations of
a term or class in a dictionary in its relationship to any other
term or class:

2.1. Predicative, attaching to a term indicating an element or
entity practically autcnomous as an object of study, an
essentially dependent property which describes its state,
gquality or function, i.s. predicats.

2.2,

2.4.

3

Consecutive, or, of causality, finality, etc., joining

two elements of which the presence or action of ane affects
the presence, statesor status of the other. This relation-
ship can azsume various meanings, according to the nuture
of the t-o elements concerned: the opposition of active
and passive, a genetic relation, causal relation, condi-
tional relation, functional or factorial relstion, bond of
finality, mediatory relation.

Associative, defiped, in cpposition to the consecutive
relationship, as joining two clements of hich the mention
of one implies the simultaneous mention of the other. This
relationship also assumes different meanings according to the
the contexi: relation of the part to the whole, of place,
of hierarchy, of appurtenance, of specification, semi-
ologicaol relation. It is parallel to the predicetive
relationship; the difference being that in this an

element is considered as dependent (!'predicate'), hereas
the associative relationship joins two elements bolh con-
sidered -- in the dictionary -- as being independent.

Comparative, indicating an extrinsic bond between tuwo
elements {independent, as for the sssociative relationship)
of the dictionary: the author weighing up any twuo charac-
teristics, in order to differentiate them as to thcir
nature ar their function in the same context.

Farradane
A set of nine relationships obtained by correlating two series
of three characteristics derived fraom the psychology literature:s

3.4,

3.5.

3.6.
3.7.

3.8,
3.9,

Coricurrent, Non-time: co-presence of two otherwise unre-
lated concepts.

Concurrent, Temporazry: comparison, or relation agent/
activity.

2

Concurrent, Permanent: association, also subjective
properties.

Non-distinct, Non-time: equivalence, synonymity.

Mon-distinct, Temporary:dimensional relation; properties
derived from environment.

Non-distinct, Permanent:belonging to; genitive.

Distinect, Non-time: ddistinction from, ar substitution
for, imitaticn.

Distinct, Temporary: action upon

Distinct, Permanent: causation or functional dependence.



4, Perry and Kent
A system of ten analytical relationships:
4,1, Categoric: A is a memher of the class B
4.2. Intrinsic: A is couwposed of B
4,3, Inclusive: A is a component of B

4.4, Aggregate: A groups (is made up of) several members
of class B

4.5. Productive: A produces the object B er is used for the
action B

4.6, Affected: A makes a use of, is determined or

~

influenced by B

4.7. Instrumental: A is produced by, acts upon, or upcn
vhich B acts.

4.8, Negative: A is characterized in an important monner by
the absence of B. :

4.9, fAtttibutive:A possesses B as one of its most important
characteristics.

4,10, Simulative: A has certain properties of, but is not B,

5. Juilland (*)

5.1. Relations of sccurrence (**)

5.1.1. Functional or part/whole relations; each part
may be characterized by the relations of occurr-
ence it contracts with eimilar wvholes.

5.1.2. Distributiocnal or part/part relationms; each part

may be characterized by the relations of occurrence
it contracts with similar parts of similar wholes.

5.2. Relaticns of constituency

5.2.1. Analytic; relations between the smaller entities

of a lower crder and the larger entities of a higher

order which contain them i.e. from constitusnt to
constitute.

(*)A. Juilland. An outline of a general theory of structural
relations. The Hague, Mouten, 1961.

(**)"In regard to relations of occurrence, the main weakness of
many mecdern studies is due to relying too heavily on the
more specific part/part relations, to the practical exclusion
of the more general part/whole relations. A truly scientific
model, capable of satisfying the dual requirement of speci-
ficity and generality, must combine beth types of relations:
its functional roots fulfill the condition of generality
required in comparative and typolegic investigations, its
distributional roots the condition of specificity required
in the analysis of particular structures.”
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5.2.2. Synthetic; relations which obtain between the
larger entities of a higher order and the smaller
entities of a lower order they contain i.e. from
constitute to constituent

Though often coextensive with, they should be distinguished
from functional or intra-level relations, sipce they are
inter-level relations which hold between entities of
different orders.

§.3. Relations of presupposition .

5.3.1. Syntagmatic; essentially relations of agreement
which hold between different inveriants in a group.

5.3.2., Paradigmatic; relations of presupposilion that
hold among variants of the same invariant or among
related invariants, within paradigms of variants,
or wilhin paradigms of invariants, Relaticons of
this order are used to assign entities to categories.

5.4, Physical relations

5.4.1, Relations of length; by "length" is understood not
some strictly physical measure of length but a
structural or functional length measured in number
of parts per whole, or of entities per domain, or
of constituents per constitute,

5.4.2. Relations of praminence; relations are also
structured to some extent by any stress consistently
placed upon the importance of one entity in relation
to others.

5.5. Stdtistical relations

5.5.1. Relations of frequency; the relative frequency of
occurrence of entities in a system can be used to
accomplish a quasi-mechanical segmentation of
entities inid classes or domains., In this way a
statistical definition for categories may be
elaborated.,

5.5.2. Relations of dispersion; these are established
with reference to the coefficient of dispersion
that ought to accompany each entity subject to a
frequency analysis.

Others -

Other types of relaticnship are noted in some of the appendices,
The different types of model (Appendix A3) cover compositional,
behavioural, didactic, historical, cybernetic (i.e. input/output
of Appendix (5 ), problem oriented, etc. relationships. There is
a_ citation relationship {Appendix D3, D7), and relationships
between beliefs (Appendix C2, C3).The M.I.T. ADMINS approach is
particularly interesting (Appendix B2).



1 Appendix A6

Data to be Included on each Entity

A.

Concept inventory (Filing, dentification or Registration

Phase)

1.

Entity sequence number.@)

2.1.

Each new theoretical formulation, of whatever type
(see Appendix A4 ), receives a unique number which

is the next available in a sequential list. The
number therefore contains no significant digits or
codes and has no meaning For classification purposes.
(It may be an advantage to use the check digit tech-
nique described in Appendix D8)

For practical purposes it may be convenient to pre-
allocate blocks of numbers to different filing centres
whenever required. This avoids problems of dupli-
cation and speeds up administration. Where duplica~-
tion does occur, this is eliminated at the madelling
stage.

rd
One advantage of this sequence number as a concept
identifier is that it is not necessary to file a
definition or conventional term at the same time.
This is convenient if a new theoretical formulatian
has been tentatively conceived uith known relation-
ships to other concepts but with no clear definition
or label yet. It avoids the need to coin doubtful
neclogisms in order to register the concept. 1In
some cases it may even be an advantage tao leave the
term defined by its context of relationships, and
not to bother attempting to find a suitable term.
In which case the sequence number would be used as
the only identifier until a suitable terminology for
concepts in that domain can be elaborated more system-
atically.

Model description

Yodel number

The act of filing an entity is distinct fram the
later modelling activity. The "model number” in
this case is "0", This artifice permits the defi-
nitions and the conventional terms or labels in
different languages to be handled within the com-
puter record framework as well as the modelling and
term allocation activity.

Paragraph numbers refer to columns in Figure 1 of the
computer record layout., No attempt has been made at this
preliminary stage to indicate how many character positions
would be reguired for each zone in the record.

Sub-model number

Again, since entity filing is distinct from the
later modelling activity, this zone is "free",
It is therefoure used to distinguish between

-- entity definitiens (for which it is "g")

-- entity conventional labels or terms (for which
it is ") :

2.3. Language

Since the definitions or the label may be given in
secveral languages, a language code is used. (e.g.
English "1, French "2", etc.)

2.4, Alternatives

Therc are bound to be cases, for a given language,
in which alternatively worded definitions (with

the same meaning) are put forward. Similarly,

where several conventional terms or labels referring
to tho same entity exist, these may also have to be
filed. A simple sequential code ("1v, 2", etc.)

is therefore used to distinguish between successive
alternatives,

Cross~reference.

Cross-references are used during the modelling phass

so that this zone is "free", It is, however, used in

this phase to identify the sequence number of

-~ other entities which use the same conventional
}abels as this entity (i.e. where the same label
is used with a different meaning)

-~ other entities which are defined using the same
verbal definition (but for which the definition
has a differgnt meaning). This may be a low-
frequency or trivial case.

Saurce code

Tber° are several possible ways of handling informa-
tion about the source of information on the entity.

1. Igngtg. In a simplified system it is not necessary
@o include it since such information can be Found
in a backup card file,

2. Abbreviate. Some general code, indicating the

country, the publication, or the filing group can
be used.

3. Name. The name of the person, or filing organiza-
tion, may be given in some abridged form (e.qg.
"DLUTKW" for Karl W, Deutsch)



4.4. Name and Support. In a more elaborate system, in page numbers might be an additional require-
which members of a discipline are expected to indi- ment {e.g. "DCUTKW 509-192"), Again, as a
cate any strong "support” or "opposition" Lo any "prafessional” activity, this might form part
new theoretical formulation, a "voting" technique of the modelling phase.
may be envisaged (see Accredited sources in Appendix A1).

This option could he confined to the "wlders" of 5. Model descriptor.
the profession -~ or left open to all members of T . .
a profession. As "professional"™ activity, this This is not used during this phase.

might be restricted to the modelling phuase.
6. Relationship descriptor.

A given member of the profession, if sufficiently . - X
aroused, could then file his support or opposition This is not used during this phase.
in the form "DEUTKW +" or "DLUTKW -*,

7. Date codes.

4.5, Narme and Reference. It might be thought more val- 7.1. Date first used
uable to give not only the name but the reference -
to the document in which the theoretical formula- The date on which a theoretical formulation was first
tian is discussed and justified. used is inserted here. If this is not supplied, the
‘ computer can automatically insert the date on which
On the question of abbreviations to document rcfer- the entity was filed.
ence, one is immediately in the jungle of dispute
amongst librarians, documentalists, etc. Several 7.2. Date last used
possibilities exist. This date is supplied as a result of general consen-
4.,5,17. Use an extended bibliographical "standard" refer- sus by ?ll mod?lling.groups and is therefore not
ence. This uses a lot of space and is mainly dealt with during this phase.
pleasing to librarians. ’ 7.3. Retention period
4,5.2. Use an abbreviated reference as in "Science Cita- It may be an advantage in this phase to tag some
tion Index" (e.g. the first four letters of the entities aof unknown value so that they will auto-
first two significant words of the title, plus matically be dropped from the system after a certain

thg year c}atez isgue or vnluwe number mith?n . period unless some contrary instruction is received
wblch pagination is consecutive, and the first in the meantime. Different retention periods can be
significant page ?umber -~ "DCUT KW -- NERV GOVLC=-- used according to the status of the source.

1963 -~ 0 ~~ 192"

4,5.3. Use a sequence number code. To avoid getting 8. Status.
bogged down in documentation problems, a simple

For administrative purposes it is convenient to have a
sequence number could be used for each publica-

zone in which codes may be used to indicate that the

tion: entity is "under consideration", "of doubtful value",
either: i) referred to by the system (e.g. a "no longer used", etc.
complete sequence mcross all authors) ,
or: ii) referred to by the system for a given 9. JText.

author (e.g. starting from zero for The words or text used for:
each new author) ]
-~ the conventional terms or labels

A parallel "documentation" system would be re- -- the definitions

quired to decode the codes used in the approach

but it might prove much tidier and practical in would be inserted into this zone. This zone could also
the long run (e.g."DEUTKW 509") *. The precise be used for any special comments which might be usefully
added.

(*) For a very useful discussion of this approach to documen-
tation, see Jacques E.J, Halkin, "Proposal and wishes fer
an open structure in the communication of information.™
Scheduled for publication in: A.I. Mikhailov (€d.) The
Theoretical Problems of Information Retrieval Systems.

(The Hague, International Federation for Documentation, 1971)
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B.

Cgncept coding ( Modelling or Classification Phase)

Many of the zones discussed above are used in this phassa
but for a different purpose or in order to establish com-
puter records distinct from Lhose created during the
earlier phase or by other modelling groups.

1. Entity sequence number.

This is repeated for each new relationship established
within a model and is of course the same as that used
in filing the identity in A.1.

2. Model descriptor.
2.17. Model number

As discussed elsewhere (see Appendix A1), each
modelling group receives a unique number (e.g. "362")
which identifies the system of relationships which
are elaborated and filed, while at the same time
.distinguishing it (at computer level) from any other
systems.

There is some argument for attaching special signi-
ficance to particular digits of the model numbsc
with a view to clarifying a hierarchy of models or,
at least, shouving 2 relatienship between models. In
other words, at this level a U.D.C.-type approach
might be used so that "political science" models are
all identified by "32N" and "anthropology" models by
"39N", This is probably a temptation to be resisted
however, since it has some theoretical implicatians
which are better contained within models. In which
case a simple sequential list should be established
from which the next aveilable model number could be
taken.

2.2. Sub-model number

This is a zone to be used by a modelling group when-
ever a level of dissent is encountered so that alter-
native sub-models_within the gensral model can be
satisfactorily handled and identified. Normally, in
the absence of sub-models, this uwuld be "0¢,

2.3. Language
Since the relationship between concepts is supposedly

language independent, this zone should normally be "O",.

There are, however, cases where relationships are
identifiable in one language but absent, ridiculous,
or ambiguous in a second. In such cases it may be
convenient to use this zone for a form of language-
dependent sub-model. °

2.4, Alterpatives

This zone is not used in this phase and must be "O"

a1

S.1.

6

.

(to permit identification of the term records in the
next phase where it is non-zero)

Cross-references.

This zone supplies the main means by which the rela-
tionship of this entity to other entities is indicated
far the particular model indicated in 2.1. The se-
quence number of the other entity is indicated here.
In effect, every such "relationship" gives rise to a
new computer record (see Figure 1).

The type of relationship is either implicit, because of
the model used,or is described in 6 and 7.

Source code.

Depending on the method chosen (see A.4.1., A.4.2., A.4.3,,
A.4.,4., and AR.4.5.),the source coding would probably
either be aliccated during the concept filing phase

with nothing in this phase, or in this phase with

nothing in the previous phase. In the most sophis-
ticated system, it might however be desirable to give:

-~ source coding for the entity in the concept filing
phase

~- source coding for individual relationships within
a model, during the modelling phase.

Source coding during the modelling phase might be par-
ticularly helpful in the administrative work of elabo-
rating a model, since it permits members of a modelling
group, working independently and in isolation, to "vate"
on the insertion or deletion of particular relation-
ships (see A.4.5.). Such a postal vote system would be
particularly helpful in clerifying with precision just
what was under discussion at any point in time.

Model descriptor.

This zone is used to indicate which model is to he
considered at the entity cross-references in 3.

In a simplified system this zone would not be required
because the assumption would be made that each model
was totally isolated from other models.

In a more sophisticated system however, there is need
for a means of expressing relationships between parts
of models. For example, it may be that in a certain
domain two models are identical or that one forms a
subset of the other. In such a casé there is little
need to duplicate all the relationships in the second
model, provided cross-reference between the models is
possible.

Model number

As for 2.1., but the model is only to be entered at



the entity to which the cross-reference in 3 refers.

Sub-model number

As for 2.2., but again is only to be entered at the
entity to which the cross-reference in 3 refers.

Language

As for 2.3., but again is only to be entered at the
entity to which the cross-raeference in 3 refers

Alternatives

Not used. (This- zone may even be omitted entirely.)

Relationship descriptor

This zone is used to describe the relationship consti-
tuted by the link between this entity and that cross-
referenced in 3. Two hasic types of relationship
descriptors m2y be distinguished.

Relationship descripto:r A

This is used to give an indication of the relative
levels of the two enlities related (e.g. class and
member), directions of flow (e.g. fram or to), etc.
These are used, for example, to indicate any hier-
archical relationships. .  These codes and the Gross-
reference in 3 are all that is required for a graph-
theoretical analysis of the network of concepts.

It is here that any "see other" code would be inserted.

It is also important to indicate the type of relation-
ship between two entities, for example:

-~ logical (i.e., B includes A, etc.)

-~ consistency (contradicion/support) (ses
Appendix D7)

~- time (precedes/follous)

-~ cybernetic (information exchange)

-- responsibility {flow of decisions)

-~ etc. {see Appendix ASG)

This is an indication of what is flowing or the nature
of the relationship. It does not seem feasible to
predetermine the possible types of relationship uhich
might be required (see Appendix AS). The technique
which can be adopted is therefore to use a simple
numeric code -~ the next available in a sequential
list -- for each pew type of relationship with which
a modelling group wishes to work.

The arrangement of this zone could be left up to the
modelling group. It is desirable that standard

codes should be developed to facilitate graph-theo-
retical analyses and that a standard code system
should be used to denote types of relationships (e.g.
"321" where the numbers have no special significance).

.

6.2. Relationship descriptor B

This is used for evaluation descriptors. In ather
words the codes used here supply some form of

ranking to the relationship described in 6.71. (e.g.
some measure of relative importance (within the model),
some measure of degree of relativity, etc.)

It is in this zane that the degree of consensus on
the characterization of the concept by the discipline
could be coded.

The zone may even be used to carry quantitative in-
formation on the size of flow represented by the
relationship and also its periodicity, if relcvant.

Rgain, the arrangement of this zone could be left
up to the modelling group. It is however desir-
able that a standard form should be developed --
even if excepticns to it are frequent,

Date codes

7.1, Date first used

This may be used to indicate the date each relation-
ship between entities was first noted, or alterna-
tively the computer can automatically insert the date
on which the relationship was first filed,

7.2, Date last used

This date may be used when the relationship is finally
rejected as invalid or unacceptable.

7.3. Retention period

This zone may be used by members of a modelling group
to communicate with one another. A member may submit
"trial balloon" relationships, with 2 very short (one-
cycle) retention period so that others can "see hou

it looks". Once agreed, the retention period can be
set so that relationships periodically come up for
review,

Status code.

For modelling group administration purpoeses, it is
cenvenient to have @ zone which may be used to indicate
that the relationship is "under consideration", "a
tentative proposal®, "a firm proposal”, "agreed by the
group", "required priority attention", etc.

Text

Normally a relaticnship record should require no text.
There is however no reason why this zone should not

be used for any text comments on a relationship which
may seem significant to the modelling group.



Term

Allocation Phase

1.

Entity sequence number

2.

Required as before

Model descriptor A

2.1,

2.3.

2.4,

7.
7.1,

Model pumber .

Required as before, A term can only be authorita-
tively allocated within the modelling group. It is
utopian to expect that consensus can be consistently
achieved between modelling groups on a unique author-
itative term for the entity to which they all refer
in their different ways.

Sub-model number

This should normally be zero, since it will probably
be easier to achieve consensus on a term between model
and sub-model than between model and model.

Language

Required as before for each language version of the
authoritative term.

Alternatives

This must be "1" or greater to distinguish the
term records from the relatienship records. If
alternative authoritative terms are required in

a given language the zone would be used to distin-
guish between them.

Cross-reference.

Normally this would be "0". It may however be necessary
to indicate other entities using the same term (but
obviously with a different meaning).

Source code.

There may be some cases where it is important to indi-
cate the document in which the justification for the
unique authoritative term is urged.

Model descriptor B.

May be required if the cross-reference to a use of the
same term in a different model is needed.

Relaticnship descriptor.

Not required.

Date codes.

Date first used

This may be used to indicate the date the term was
first used, or alternatively the computer can auto-
matically insert the date on which the term was
first filed.

9.

10

Date last used

Terms fall from favour. The last date of use can be
indicated here.

Retention period

May be used as in B.7.3.

Status code.

May be used as in B.8.

Text.

The words used in the authoritative term are inserted
into this zone. Alternatively the equivalent decimal
coding could be inserted, if desired.
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Limitntion of Scope

)eross-links
)

JModel 25
Jergss-links
(DEMOCRACY
(DEMECRATIE
(DEMOKRATIE
Yentities
Juith same
)English term
POWER

The design of the system is sufficiently general that it

could be used to arder theoretical formulations in any area

of knowledge. Such broad coverage would clearly be imprac-
ticable, and probably even undesirable, in the foreseeable

future. In considering the problem of scope, it is useful

to take into account what the UNISIST project intends to

covor, bearing in mind that it is designed to order a vast

nuaber of documents and not the more limited number of ori- -
ginal theoretical fermulations which they may contain. Ori-
ginally (1967-68), it was intended that UNISIST should cover
the basic natural sciences but arguments were put forward

far the inclusion of technology "or at least some of its
branches, especially medicine, agriculture, building and con-
struction.," Ultimately, "the position of the ICSU/Unesco
Central Committee was that UNISIST should devote its primary
effort to the besic sciences...and at the same time ke sym=-
pathstic to a progressive inclusion of the applied and engin-
eering sciences -- and eventually the social sciences -- on
an equal footing with the former" (UNISIST Repart, p. 135-6)
No time scale was given, however. (In soms respects the pri-
orities seem strange, in that it is not scientific knowledge
which is lacking but rather the social science knomledge on
how best to use and contain it.)

different
language
terms

ooo 000 oA 06 e But the prime interest of the UNISIST system, science and
technology, suggests a convenient dividing line. Basically
the"UNISIST system is concerned with documents about material
objects, attributes of objects, theoretical formulations
about objects, and processes involving the manipulation of
objects. A term-oriented documentation information system
will undoubtedly be satisfactory for this domain, since any
term is probably discrest as far as its meaning to this do-
main is concerned.

(Column heading numbers refer to text section headings)

The domain which could be better handled by the project pro-
posed here covers the non-material psycho-social entities,
theoretical formulations about psycho-social systems, with
the possible inclusicn of relationships between abjects in
environmental eco-systems which interact with social environ-
ment systems (*), Clearly even this is vast and ambitious, and
the scope can be narrowed even further.

oo
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4132
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3256
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(*) Even in the case of the proposed "global environmental
monitoring” information system, which will be integra-
ted into UNISIST, there is no concern for interaction
between different pollutants and other environmental
Factors or with the impact on social systems. The

000 OO OOO OO o latter is considered "important" but "subjective” and

not "included as an operative part of the system"

(Clobal Environmental Monitoring; a report submitted

to the UN Conference on the Human Environment, Stockholm,

1972, by the Commission on Monitoring of the Scientific

Committee on Problems of the Environment (SCOPE) of the

.. International Council of Scientific Unions (ICSU). Rome,
.. Icsu, 1971,

putline of computer record lavout

25

25

25
Figure 1.

987
987
87
987
987
987
987
987
987
9387
987
o988




It is useful to re-emphasize that the proposal is not con-
cerned with the arens covered by social science documentation
as there are many such documentation preojects. The UNISIST
report mentions the parallel programs proposed by such bodies
as the International Council of Social Sciences and the Inter-
national Committee for Social Sciences Documentation. There
are numarous equivalent projects at the national level. The
object is to concentrate on theoretical formulations which

may or may not be menticned in a given collection of docu-
ments.

It is possible to allocate a tentative order of priority for
the formulations which should be included. Needless to say
this order is governed primarily by the interests of those
prepared to allocate resources. Any group with its own fund-
ing could modify the priorities and ensure the carly incorpo-
tation of those formulations which it considered significant.

The priorities proposed would be based on three dimensiong:

i) commencing with the more abstract formulations and
then moving to the more specific or concrete

ii) commencing with formulations of interest to several
sccial science disciplines and then moving to thosse
common to several schools of thought,and finally
to those current within one school of thought only.
(The suggestion is that an effort should be made to

* elaborate the significance of "ipter-", "multi-" or
"trans~disciplinary" concepts as a priority area of
study with respect to knowledge analogous tao the
focus on international relations as opposed to
national level activities, Clearly"inter-discipli-
nary” can be defined to include "regional" groupings
of disciplines down to a "bilateral” interdiscipli-
nary focus, The dagree of interdisciplinarity of
a concept is a veluable means of determining prior-
ities.)

iii) commencing with thecretical formulations bofore going
on eventually' to methods and supporting data

This propaosal does not of course preclude any modelling group
from concentrating solely on the formulations of its own school
of thought., However, since the object i$ to improve communi-
cations between schools of thought using the same terms differ-
ently, it does seem that the suggested priorities shou'd focus
on the more difficult areas first and establish whatever common
ground there is. Clearly once disagreement arises between dis-
ciplines or schools of thought ever a formulation, more spec-
ialized models are required to reflect the subtleties defended
by each side.

The main concern should be to ensure that the system reflects
the general framework of theoretical formulations. Highly
spacialized formulations should not clutter up the modelling
activity. Little effort should be made to include minutiae

2!

about particular social entities which have not bean reflected
in more general formulations -- unless such minutiae represent
unique evidence of the need for pew formulations, The system
should be compact and easy to use rather than large and un-~
wvieldy as are most documentation systems,
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Concept notation in documonts

It has been stressed that this project does not require a complex
notation system since each concepl is represented by a single
sequence number, plus an indication of the model number in quaos-
tion, if required. Nevertheless, since one object of this upproach
is to permit scholars to refer with precision to a particular
concept in their papers, a standard method of indicating such a
concept in print is required.

A similar problem arises in the natural sciences in distinguish-
ing between different isotopes of the same atom (i.e., cases vhere
slightly different versions of the same atom exist dus tc differ-
ences in atomic uweight), where the same symbol does not distinguish
between isotopes. The solution adopted is to indicate the atomic
weight as a superscript to the standard symbol.

In the case of concepts, represented in print by the same word,
one solution would be to use the sequence number of the concept
as superscript to the word:

*251

842
democracy

*
e.Q. democracy

To avoid confusion with bibliegraphical references, the pumber
could perhaps be preceded by an asterisk.
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Appendix B1

Computer Record Handling Softusre

In order to carry out the initial stages, very simple computer pro-
grams are quite sufficient, These may be used to accept records of
new entities, produce entity lists, accept model coding, produce
model lists of concept inter-relationships, accept authoritative
terms and produce term thesauri.

At a later stage, which should however be kept in vieuw in the design
of the first stage program, it is possible to switch from sequentially
ordered processing to processing networks of concepts. Sequential
processing is highly convenient in computer terms in arder to

maximize Lhe efficiency of the administrative aspects of record
handling, sorting and list production. It does not however give
direct access to networks of concepts (and other entities) radiating
out from the central entity in which the user happens to be interested,
nor does it allow him to switch rapidly from model to model for
comparisons. In other words, for day to day operations resulting in
the production of standard check lists and thesaurus updating,
sequential processing is probably essential, whereas when the infor-
mation stored is to be used via a direct access terminal or on a

query by query basis, then some form of network processing is
essential. It is a relatively simple matter to convert from one to
the other provided this is planned for. The record handling could

in fact be done (centrally) on a seguentially ordered file and
institutions wanting copies could convert the file into a network
order for direct access work within their institute.

Software already exists to handle "networks". A frequent application
is the computer processing of Critical Path and PCRT networks. Thesa
are networks over time and are less applicable then programs developpnd
to handle parts listing and assembly and stock problems in manu-
facturing companies. One of these programs PLUTO (Parts Listing/
Used-on Technique) developed by International Computers (UK) will

be described as an illustration. {(N.B. UNESCO (Paris) has installed
an ICL computer which could use this software.)

PLUTO disc Files record structures. That is, data about the entities
that form structures and the rielationships between them. Entities
can be a person, an organization, a concept, a problem ar any
nameable thing. Many types of entity and relatiocnship may be handled
simultaneously. Information is held in the form of multiple inter-
linked hierarchies of entities which greatly simplifies retrieval

and presentation,

A distinctien is made between master files (denoted by rectangles

in Figure 1 ) which carry data about the entities within a structure
and structure files (denoted by diamonds) which carry data zbout the
relatipnship between entities. The files are linked together by cross-
references to form a total information system or data base which can
comprise a number of master and structure files. Information

is retrieved under program control by following links from record to
record and from file to file.



Each master file contains the entity records and each structure file
contains the cross-references either betwcen the entities in the same
master file or to those in a second master file., The network of

files may be added to or modified as new applications are envisaged.

In the management situations (for which the program was originally
conceived) structure information is complex and affects many parts of
an organization (see Figure 1 ). The same is even more true of
structure information in relation to concepts, theories, assumptians,
methods, etc. The special diagrammatic notation (shown in Figure

1 ) has been develecped to facilitate thinking about the sort of
interiinked system of files which is necessary in a given case,

This notation is used in Figure 2 to illustrote the power of this
approach as a means of handling the different conceptual entities

of interest to social science. Clearly this can only be an illustra-
tion for much thought is required to obtain the correct file design.

Special computer programs are used to explore at user request the
structures created by complex file interlinkage of this kind.
Searches down a hierarchy are termed explosions and searches up a
hierarchy are termed implosions. These muy be requested from any
starting entity or file and can be governed by examination of
qualifiers in link or entiiy recaords at each level encountered.
It is this sort of feature which would be vital to obtaining full
benefit from the graphics display (see Appendix B3).

It should be apparent that this, if not the scftware itself, is a

very useful method of handling and exploring data on the relaticn-
ship between corcepts and other entities, In fact, the full pover

of the PLUTO software would not be required (although it has the
advantage of being available) and it is possible to envisage a

very much abridged version of it which would perform all the structural
inter-linking required and be more easily related to the sequentially
crdered file.

Computer programs relevant to this project have been produced for
work on sociometric data. Programs are alsc mentioned in connection
with citatien indexing (Appendix D3 ), analysis of belief structures
(Appendix C2 ), and personal construct theory (Appendix C3 ).

Appendix B2

The ADMINS Cemputer System (%)

Wark has been in progress for some years at the M.I.T, Center for
International Studics on the development of very general systems
for time shared computer data management., The key to the ADMINS
data monagement concept is the maintenance of data content directories
at the systems programming level normally reserved for computer
operating systems and disk access control codes. The programming
language allows the specification of relationships between named
characteristics of entities and allows these relationships to be
manipulated in several useful ways, Great stress is placed on
using the computer to function as "officer manpager" in handling and
checking incoming information to be inserted into the system.

An item of data is perceived to be a sequence of categeories of
information in p~edic relations applied to a specific entity.
Relations may be:

a) monadic concerning one category {e.g. something exists);

b) dyadic concerning trno categories (e.g. an entity has an attribute,
an entity precedes another entity in time; an entity includes
anot?er entity, an entity receives information from another entity,
ete.)s ’ .

c) triadic concerning three categories (e.g. an entity sends a
certain type of information tao some other entity, an entity
includes one entity which is related to a third entity, etc.)

d) ete. for four or more categories (**)

N-adic data descriptions for social science propositional inventories
are noted as being quite complicated e.g. fviolence' is ‘pouwer!
over ‘power! gver 'well-being®.

The ADMINS~system makes use of a "calculus of relations" for stoting
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
relationol record and in achieving intimate interaction with mony
storage levels that this system differs from mosl procedure langusages,

(*) This Appendix is based upon the following material:

Stuart D. McIntosh and D.M. Griffel. The requirements for a
computer-based information system, M,I.T., Center for Inter-
national Studies, 1968, (c/6e-14c), 82 p.

- The current ADMINS System for non-textual data. M.I.T.,
Center for International Studies, 1967 (Rev. Oct 1968;
c¢/67-26), 39 p.

- Computers and categorization (Paper presented to the Classifi-
cation Research Conference, Bangelere, 1969). M.I.T., Center
. for Internatisnal Studies, 1969 (C/69-28), 41 p.

- ADMINS Implementation. (M.I.T., Center for Internaticnal
Studies), 1971.

- Large disparate data basis. In: E.L. Jacks (£d.).
Associative Information Techniques. N.Y., American Elsevier,
1971, p. 71-113.

(**) In the Mark III version of the system only dyadic relations wece
possible. The Mark V version will permit four or more category
relationz.



One of the Forms of analysis possible, which is relevant to this
project, is that of cross-reference analysis. The system is dosigned

to handle sociometric data, citation relationships, thesaurus structures,

and "maps". The tuoc maln features are measurement of flows and logical
operatiaons on the cross-reference relations.

In responding to problems, including the naon-hierarchic clossification
schemes noted with respect to this project, a simple matrix structure

is ruled out (e.g. categories are columns, rows are items, cells holds .

entries). An "extended" type of complex matrix is used as the basis
for the data structure which has "both vertical and horizontul peinters
scaffolding small arrays."

The system is designed to facilitate "model building", particularly
with the use of social statistics. It would also appear that the
multiple model technique suggested for this project could be easily
handled together sith some of the problems of conversion between
models. The system is of course specially designed to permit many
researchers, each at different computer terminals, to experiment
simultanecusly with and redefine their own sets of categories from

a common data base. Such "experimental models" can either be

deleted uhen completed or stored for further use. The 2im is to
provide an environment where the researcher is really interacting

with his data, so that he can make effective intellectuol decisions in
response to substantive results from the terminal at the pace at which
he is able intellectually to deal with his problem. ’

The ADMINS system is a very ambitious one. It is designed at a high
level of generality to handle many applications which are of little
interest to this project. But it is quite evident that this project
could be run at quite a high level of scphistication on the ADMINS
system -- even, possibly, to the point of permitting a moadelling
group (with each member at a terminal) to interact with one another,
and the model on which they are working,as a "computerized committes".

It is also obvious that the "large scale ADMINS" approach is too
sophisticated and too dependent on access to large third generation
installations. A "limited ADMINS installation" is possible however.
The early success of this project, however, depends more an the
ability to use much simpler installations for the filing and listing
cperations, whilst always permitting a switch to a more complex
mode, possibly a subset of ADMINS, for network analysis, graphics
display, etc.,for specific research projects on the data base for
which resources can be obtained. Much interesting research can
however be undertaken using low cost programs, many of which already
exist.
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1 . Appendix B3

Use of Interactive Graphic Displav Techniques.

Description.

The suggestion has been made (see Appendix C1) that struc-
turing the relationship between theoretical entities (concepts,
propasitions, problems, etc) could best be accomplished using
graph theory methods, There are three disadvantages to this
approach:

-~ graphic relationships are tiresome and time-consuming
to draw (and are costly if budgeted as "art work").

-- once drain, there is a strong resistance to updating .
them (because of the previous point) and therefore
they quickly become useless.

-~ when the graph is complex, multidimensional, and
carries much information, it is difficult to draw
satisfactorily in two dimensions. The mass of infor-
mation cannot be filtered to highlight particular
features -- unless yet another diagram is prepared.

These three difficulties can be overcome by making use of what
is known as "interactive graphics" (*). This is basically a

TV screen attached to a computer. The user sits at a keyboard
in front of the screen and has at his disposal what is known
as a light-pen (or some equivalent device) which allows him

to point to elements of the network of concepts displayed on
the screen and instruct the computer to manipulate them in
useful ways. In other words the user can interact with the
representation of the conceptual network using the full power
of the computer to take care of the drudgery of

-~ drawing in neat lines

~- making amendments

-~ displaying only part of the network so that the uwver is
not overloaded with "relevant” information

In effect the graphics device provides the user with a window
or viewport onto the network of concepts. He can instruct the
(*) This term is used &fably to cover both the more cammon "alpha~
scopes"”, which can display letters and numbers on predeter-
mined lines, and the "vector displays" with light-pen facility,
which can also generate lines and curves, It is the latter
device which is discussed here, See, for example: P
See: Ivan Sutherland, Computer displays. Scientific American, 222,
June 1970, p. 56-8,
Interactive grapnics in data processing, IBM Systems Journal,
‘7, 3 and 4, 1968, whole double issue. -0
Computer Craphics 1970; and international symposium,
Brunel University, 1970, 3 vols.
Michael S, Wolfberg., An interactive graph theory systoem,
Moore School of Electrical Engineering Report 69-25,
University of Pennsylvania, 1969,




computer, via the keyboard, to:

1. move the vindow to give hime, effectively, a view onto a
different part of the network -- another conceptual domain

2. introduce a magnification so that he can examine (or "zoom
in" on) some detailed sections of the network

3. introduce diminution so that he can gain an overall view
of the structure of the conceptual domain in which he is
interested

4, introduce filters so that only certain types of relationships
and entities are displayed --either he can switch between
models or he can impose restrictions on the relationshlips
displayed within a model, i.e, he has a hierarchy of filters
at his disposal

5. modify parts of the network displayed to him by inserting
or deleting entities and relationships. Security codes can
be arranged so that (a) he can modify the display for his
own immediate use without permanently affecting the basic
store of data, (b) he can permanently modify features of
the model for which he is a member of the responsible body,
(c) and so on.

6. supply text latels to features of the network which are un-
familiar to him. If necessary he can split his viewpori |
into two{or more)parts and have the parts of the network
displayed in cne (or more) part{s). He can then use the
light pen to point to each entity or relationship on which
he wants a longer text discription (e.g. the justifying
argument for an entity or the mathematical function, if
applicable, governing a relationship, and have it displayed
in an adjoining vieuwport.)

7. track along the relationships between one entity and the
next by moving the viewport to focus on each new entity, In
this way the user moves through a representotion of "seman-
tic space" with each move, changing the constellation of
entities displayed and bringing new entities and relation-~
ships into view.

8. move up or down levels or "ladders of abstraction". The
user can demand that the computer lrack the display (see
point 7) betueen levels of abstraction, moving from sub-
system to system,at each move bringing into view the seman-
tic context of the system displayed.

9, distinguish between entities and relationships on the basis
of user-selected characteristics., The user can have the
"relevant" (to him) entities displayed with mcre prominent
symbols,and the relevant relationships with heavier lines,

10, select an alternative form of presentation. Some users may
prefer block diagram flow charts, others may prefer a matrix
display, others may prefer Venn diagrams (or "VYenn spheres"
in 3 dimensions) to illustrate the relationship between
entities. These are all interconvertible (e.g. the Venn
circles are computed taking sach network node as a centre

.

and giving a radius to include all the sub-branches of the
network from that node.)

11, copy a particular display currently on the screen. A user
may want to kcep a personal record of parts of the network
which are of intersst to him, (He can either arrange for a
dump onto a tape which can drive a graph plotter, s micro-
film plotter, or copy onto a videocassette, or, in the
Future, obtain a direct photocopy.)

12, arcrange for a simultanecus search through a coded micro-
film to provide eppropriate slide images or lengthy text
(which can in its turn be photocopied).

13. simulate a three-dimensignal presentation of the network

by introducing an extra coordinate axis.

14, rotalo a threc-dimensional structure (about the X or Y axis)
in order to heighten the 3-D effect and obtain a better
overall view "arcund" the structure.

1S, simulate a four-dimensional presentation of the ngtwork by
using various techniques for distinguishing ertities and
relationships (e.g. "flashing” relationships at frequencies
corresponding to their importance in terms of the fourlh
dimension.)

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

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

18. perform various topelogical analyses on particular parts of
the network and display the results in a secondary view-
port (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.)

Lraphics and communication.
In order to understand the value of interactive computer
graphics, a few basic principles of communication should be
considered, Languages are used to convey thoughts. Languages
may be gestural, verbal, written, notational, or graphic. The
effectiveness of a language depends upon its ability to retain
and transfer meaning and this in turn depends upon the com-
plexity of the language, One can conceive of a spectrum of
"language and medium" from primitive gestures through to sophis-
ticatod computer environments. At esach point in the spoctrum
there are disadvantages and advantages for communication. An
attempt has been made to list these out in Figures 1 and 2.
These should be considered as very tentative schemas only. (*)

(*) Figure 1 was inspired by a similar tentative effort by Colin

Cherry to relate communication equipment (radic, TV, press, stc.)

to psycho-social qualities, See: World Communicatien, threat or
promise? Mew York, Wiley, 1971, p. 53.



(

These Figures suggest that most of the advantages of the

early portions of the spectrum are combined togcther in the
later protions where interactive graphics is used in various
ways. The guestion in why do graphics help to cenvey more
information than words. One reason is that as concepts become
more complex they do not lend themselves to easy ecncapsulation
in words and phrases., Many objects, processes, or abstrac-
tions can be portrayed for discussiom using a few simple
graphical symbols much meore easily than they can be described
verbally (ef. the classic example of the spiral staircase),
The other pressure is of course that many subtle invariants and
relationships currently displayed in statistical tables,

are ignored unless they can be represented in meoningfdl
graphical form (¥).

Some current interactive graphics uses include, for example,
calculation and analysis of electronic circuits, design of
aerodynamic shapes and other mechanical pieces, desigr of
optical systems and plasma chambers, simulation of prototype
aircraft and rocket flight, visualization of complex mole-
cules in 3 dimensions, eir traffic control, chemical plant
contrel, factory decsign and space allocation, project control,
primary, secondary and university education and educaticnal
simulations,

In every case above there is some notion of geometry and
space, but the geometry is always the three-dimensional con-
ventional space. There is no reason why "mon-physical spaces®
should not be displayed instead -- and this is the domain of
topology. The argument has been developed by Doon Brown and
Joan Lewis (**),

"Both geometry and topology deal with the noticn of space,
but geometry!s preoccupation with shapes and mcasure is
replaced in tcpology by more abstract, less restrictive
ideas of the qualities of things...Being more abstract and
less insistent on fine points such as size, topology gives
a richer formalism to adapt as a tool for the contempla-
tion of ideas....

Concepts can be viewed as manifolds in the multidimen-
sional variate space spanned by the parameters describing
the situation. If a correspondance is extablished that
represents our incomplete knowledge by altitude functions,

(*) See, for example: R..Bach. Graphical national patterns;
a new approach to graphical presentation of statistics. London,
Humphrey, 1968,

) Brown, Dean and Lewis, Joan. The process of conceptualiza-
tion; some fundamental principles of learning useful in
teaching with or without the participation of computers.
Educational Policy Research Caenter, Stanford Research Institute,
Menlo, Park, California, p. 16-18.
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we can scek the terrae incognitae, plateaus, enclaves of
knowledge, cusps, peaks, and saddles by a conceptual
‘photogrammetry. Cxploring 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 pechaps an
indication that these processes already play an unsuspecw
ted role in conceptualization.

Topology is thus a generalization of the idea of diagram.
Traditional in teaching (grammatical diagrams of sentences,
geneologies of kings, whirling models of solar systems),

it extends easily to the machine, By sketching tentative
three-dimensional perspectives on the screen and "rotating
them on the tips of his fingers", one internalizes ideas
nonverbally and acquires a sensation of sailing through
structures of concepts much as a cosmonaut sailing through
constellations of stars.

Such necw ways of creating representations break ingrained
thought patterns and force re-examination of preconceived
notions., A mapping is a correspondence is an analogye.
Teaching by analogy, always a fertile device, can be
carried out brautifully by topological means....lopolo-
gical techniques are useful at even the most advanced
levels of scientific conceptualization....

Most traditionally educated humans are brought up with

the belief that thipking is synonymous with verbal think-
ing, The time seems ripe to make a break with this lim-
iting concept. Psychologists and educators are coming to
the realization that man often has to get away from speech
to think clearly. Secientists and creative artists have
testified that to create they had to regress at times {rom
the word to the picture, from verbal symbolism to visual
symbolism.ss.

Whether the concept seems spontaneocus aor belatored, there
comes a point in its evolution when the mind transcends
its accounting for the elements of informatior ocne by one,
and begins to form an integrated impression, The whole

is quantitatively differentiated from the sum of its parts
to become conceptually quite different,”

It is useful to introduce C.5. Peirce's term "iconic", namely
"a diagram ought to be as iconic as possible,that is, it should
represent (logical) relations by visible relations analogous
to them,"(*) Iconics is therefore connected with the degrec to
which features of the graphics display contribute towards (or

(*) c.5. Peirce. Collected Papers; edited by C. Hartshorne and
P. Weiss. Harvard Univ., 1933, vol. iv, cited by:A,Battershy.
"The Application of dconic principles to the design of a prob-
lem solving system for psychological research and of value
for management training." In: Computer Graphics '70. Brunel
University, 1970.



(#***) Jay Forrester.

There is, however, a guestion of "iconicity for whom". Philip
Hendren {*) cites a well-known survey by Anne Rowe (The Making
of the Scientist) in which a high correltaion was found between
(1) visual imagery and experimental inclination, (2) non-visual
imagery and preference far theoreticcl scicnce. Many theore-
tical scientists prefer not to use visual imagery -- which may
explain their difficulty in communicating with otner sectars

of society. Don Fabun (¥*) points -out in the following
that non-Americans may not find the display of concepts and
their relaticns by newtork structures very meaningful (waxy,

"Americans tend to see the edges of things and the
intersection polnts of crossing lines, and to attach
importance to them. Thus our streets are normally
laid out in a grid paltern and we identity places by
their proximity to interséctions. ‘Curopeans and
Orientals, however, are inclined to attach importunco
to an arec; thus a lrench street or avenue may change
its name every few blocks; and houses in Japan may
not have street numbers out be identified by name and
area or the time at which they were built.”

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 notaticns that permit a simple representation of a
mass of complexities not previously understood. There is no-

thing new in the use of models to represent psycho-social ab-

stractions. Jay forrester (¥<X*), moking this samo point with
respect to social systems, states

"Cvery person in his private life and in his community
life uses models for decision making. The mental image
of the world around one, cacried in each individual's
head, is a modsl, One does not have a family, a busi=-
ness, a city, @ government, or a country in his head,

He has only selested concepts_and relationships which

he uses to represent tne real system, The human mind
selects a few perceptions, which may be right or wrang,
and uses them as a dcscription 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 elemen-
tary forces and actions of which a system is composed,.
The human mind is effective in identifying the structurs
into which separate scraps of infarmation can be fitted,

(*) Philip Hendren. Computer graphics and color for design and
communications in architecture and urban design. In: Com-
puter Graphics 70. Brunel University, 1970.

(**) Don Fabun. Communications; the transfer of meaning. Glancoe”

Press, 1968, p. 25.

(***) Although, in the case of france, there has been a marked in-

crease in attention to “communication networks™ and "organ-
izational networks”

1971, p.14-15.

Warld Dynamics. éambridge, Mass. Wright-Allen,
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But when the pieces of the system have been assembled, the
mind is nearly useless for anticipating the dynamic be-
‘havtor that the system implies. Here the computer is
ideal, 1t will trace the interactions of any cpecifiod
sat of relationships without doubt or error., The mental
model is fuzzy. It is incomplete. It is imprecisecly
stated., Ffurthermore, even within one individual, the
mental model changes with time and with the flow of con- .
versation. The human mind assembles a few relatlonohips
to fit the context of a discussion, As the subject
shifts, so dons the model, Even as a single topic is
being discussod, each participant in a conversation is
using a different mental ‘model through which to interpret
the suvject. And it is not surprising that consensus
leads to actions which produce unintended results.
fundamental assumptions differ but are never brought

out intc the open.”

These structured models have to be applied to any serially or-
dered data in card files, computer printout or reference boaks
to moke scnse of Lhat duta. Is there any reason why these
iavisitle structural models shoulrd not be made visible to
clorify differences and build a more comprehensive visikle
model? The greater the complexity , however, the more diffie
cult it is to use mental models, for example, in discussing
his cxamination of an electronic circuit diagram, Ivan
Sutherland writes: (<)

"Unfertunatiely, my abstroct model tends to fadse out when
I get o circuit that is a little bit too complex. I
cun't remember what is happening in one place long enough
to see what is going to happen somewhers elsa, My

model cvaporates, If ¥ could somehow represent that
abstract model in the computer to see a circuit in anima-
tion, my abstraction wouldn®t cvaporsie, I could take
the vague notion that “fades out at the cdg@”" and solid-
ify it. I could analyze bigger circuits In all ficlds
there are such abstractions. We haven'§~y?t made any

use of the computer's rquQngQy ta "Flrm.éaﬁifﬁﬁéﬁ ab-
stractlog:. The scientist of todﬁy 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 mathemntical 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
drawings with great mathematical accuracy. We could let
him work with them in 2 way that he has never bean able
to do before. I think that really big qains in the sub-
stantive scientific areas are going to come when somebody
invents new abstractions which can only be represented in
computer graphical form,"

-



Graphics and education.’

A visual display unit linked to a computer has congidereble
advantages as a technique for the communication of new concepts (*).
As the multiplicity of conceptual frameworks increase in complexity,
new technigues must be sought te simplify education concerning

them, The problems posed by the time currently required to com-
municate even a supsrficial knowledge of the existing frame-

works , and the difficulty of building up an intcgrotod picture

of their complexity, suygest that a visual display unit with
computer mass memory support may have many poscibilitics.

An important reason for u<ino this approach is tho tendsncy to
consider the recognized complexity of the system of disciplines
to be too great to lend itself to ary form of unified treotment.
Normal instruction methods, in the case of such complexity,
would have to cross so many discipline boundaries that they
necessitate concentration on one particular featurs of the sys-
tem at the expense of the others, and any integrated picture

of the whole.

An important possibility in building understanding is the abil-
ity to manipulate part of a multidimensional nctework, via the
visual display unit, so as to portray the system of conceptual
networks from an origin chosen anywhere within the network.
Thus a concepl(or even organizastion, known and understood by

a particular user, may be used as visunl originm and all other
concepts (or arganizations) displayed in terms of their relation-
ships to it -~ according to 2 variety of models holpful to
differing personality types. Cntities distant in communication
terms can be reduced in visual importance, whereas "nearby"
concepts of relatively little "absolute" importance can be

made of greater significance (epproximating the recognition
normally sccorded them by the user).

The newcomer to a conceptual framewsrk has a known system base
from which to start his exploration of the neighbouring systems
which interact with it. In a programmed learning mode, he is
able to understand how his known systems are "nested" within
any larger system, He can work from his base system by re-
questing a restructuring of the display in terms of other
system viewpoints as he builds up knowledge of, and a "feol"
for, those originally conceptually distant from his starting
point. Text can be displayed concerning the new system, inter-
action or perspective, before any new "jump" is made. In this
way, he can progress toward the more fundamental levels of

any conceptual framework or into other areas of detail.

A valuable feature of an interactive system is the possibility
given to a student of simulating the result on the system of
"wiping out" a single sub-system or class of systems which he
believes to be of little value. Of greatest importance, the
student can work out and locate which conceptusl frameworks
(or organizations) offer the best avenue of fulfillment for
him, cr, alternatively, precisely in what way he must initiate

{*)See, for example, Douglas Engelbart. Augmenting Human Intellect;
a conceptual framework. Stanford Research Institute, 1962,

some now activity to achieve such a moasure of satisfactian,

By exploring the network the student is, in a sense, engaging
in a'parallel exploration of "semantic space”. This is of some
valus according to some perspectives.

Just as world upity is a long way off in organizational terms,

and yet a multidimensional network of organizations can be

"held" in computer memory for exploration, so unification of

knowledge can be simulated by holding and linking concepts

in different frameoworks betwecn which links have been sugqgested .
during the course of research., In both cases the dynamic -
collection of data stands as a symbel of the goal, Built up
empiricolly, tha systems must be exploted by ressarch workers

and studunis nlike in order to improve their concepts of the

more general systems. The details of interactions can be -
provided in considerable amounts, but the problem for both is

to build up more integrative concepts.

The process of interaction between display and person is really
one in which the display is used as a crutch until the mind

can hold a more integrative cuncept. The mind is the most
potent display device. The problem is how to ‘pumpt it (in
laser terms) to an optimum operating frequency with the aid

of interactive displays. It may be possible to use the graphics
display unit as a focusing device when "hunting" intuitively

for a croative solution. At a certain point the userts mental
display abilities can be "launched" from the sophisticated
back~up or steadying platform provided by the display unit,

If necessary the display can be improved prior to a "relaunch",
It is with this sort of approach that the speed of convergence
on unifying concepts can be increased,

In order to improve the rate of generation of more integrative
concepts, it may be valuable to examine the validity of soms
of the following assumptions:

1. "Highly goneral and integrative concepts can te adequately
communicated through symbols on paper.” It may be that
the more abstract concepts required cannot be adeqguately
grounded in symhols on paper (that is without merely using
the symbol as an aidelmemoire). It is possible to conceive
of an equlibrium diagram which would indicate in what com-
munication media, or combination of media, a given con-
cept could be "held", and in which it was metastable or
unstable.

2. "Once a concept is "discovered", we ourselves can remam-
ber it and hold it effectively in our own minds." To
hold a concept however, requires a constant stream of
appropriate envircnmental stimuli to reinforce it, This -
is particularly the case if the concept is highly sophis~
ticated and "delicate" (even if, and perhaps particularly
if, very simple). Conventional media may be associated
with a characteristic reinforcement rate which may be
too low to permit certain concepts to be held for 1long.
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It may be that sufficiently rapid rveinforcement can only
be provided with interactive graphics devices., One author
emphasizes their importance for maintaining "thinking mo-
mentum”, We may have to keep using such devices to aid

us in focusing our thinking to recever the concept "which
we have already discovered", until we have built up an
attitude which permits us to pick out sufficient reinfor-
cing evidence from the environment unaided,.

“"Highly integrative concepts can be developed by inter-
action between specialists using conventional communica-
tion and storage media and traditional academic inter-
action procedures." It may be that for purely tochnical
reasons (despite the possible wishes of the people concer=~
ned) interaction may not permit the generation of unifying
concepts of great generality.

Interactive devices create a man-machine environment with
properties which differ from those of the traditional
concept generating environments. Skillfully used it may

be pcssible to ensure the interaction of specialists, man-
ipulating related concepts through interactive acvices,

in such a way that progressive convergence towards incroas-
ingly more general concepts is built into the interacticn
process.

"The discovery of general integrative concepts crossing
discipiine boundaries would of itself lead toc solutions

to the problems of modern scciety." 1t may be that the
place allocated to such concepte in modern society is

such that their value is effectively negated. Thay may

be "cortained" in a pesitien in culture space in such

a way that they are prevented from having any marked effect
on society -- even those which have not yet peen developed.
This is a reason for studying the system in which such
conzepts are developed.

It may be a question of the speed with wnich the concept
can be got over (and "anchored") relative to that of the
rezction of cempensating social mechanisms coming into
play to counteract any implied changes.

"01d or primitive unifying concepts are irrelevant in the
20th century." It may be the case thal for some groups

of personality types certain Youtmaodzd! integrative con-
cepts are the most useful in terms of the problems to which
tney are exposed in the light of their conceptual apparatus,
Similarly, it may not necessarily be true that the learning
path for some stucdents and schoolchildren 'is optimized

if the latest theories are stressed at the expense of

their historical predecessors.

A major function of systems thirking could be to determina
the inter-relationship between hislcrical viewpoints ==
particularly since many of them are still held in soms
parts of the world system.,. With appropriate techniques

a student could locote the unifying concepts most in
sympathy with his current understanding of his environ-
ment, Related techniques could then be used to expase
him as rapidly as possible to the evidence which outdates
his view., The system {ramewcerk could then speed him
cenceptually through the succession of systems perspectives
up to the present. Should he "stick" at any point, then
it would be in a context which for him possassed lower
entropy thon thet which he perceives in later points.

He thus sticks at the peoint which most reinforces his
concapt of himself as a whole person in a unified con-
ceptual environment,

Further grophics possibilities .

1.

2,

It is technically feasible to copy a displayed conceptual
netuork onto a videocassette. These can be recopied for
distribution and are played back over normal television

sets, This gives a non-interactive, low-cost access to B
the same information. This technigue has considerable

potential for education, briefings, and research,

Microfilm ploatters are currently ured to copy the contents
of a display directly onto microfilm, They have the advan=
tauge of beinn exiremcly fast. 1In addition, unlike curront
dieplay screens, they can handlse very complicated diagrams
with seoveral thouscnds of lines and eymbols, The micro=-
Tilm can then be procecsed automatically and mounted on
aperture cards or enlarged to hard copy.

This gives an excellent method of building up low cost
"maps" of the conceptual gomains in which one is inter=-
ested. Alternatively, the film itself can be used far
preparing demonstration movies. It waould also be tech-
nically feusible to arrange for the microfilm frames to
be ceded under computer control so that the film can be
optically scanned to permit later display of a user-
specified frame (as on the Kodak Miracode system).

Colour graphics units are in use (scme up to 150 x 150 cm
in size), These permit entities and relationships to bes
coded so that even more information can be held in one
imige. Thae use of colour is however more applicsble to
displays of areas, such as might be used with a Venn
disgram, rather than a netwcrk, presentation, (¥)

It is possitle to plot any diagram using drum (simple
graphs) or flatbes (complex diagrams) plotters. The
lazter cccur in sizes up to 150 x 1000 cm.

Helmets fitted with display screens for each eye have
been developed {to train pilots in lancing expensive
fighters on aircraft carriers). The wearer is provided
with a perspective on displayed structures which changes

{*) (Philip Hendren) An orcering princigle for perspective drawings

on a color display. dnpublzshed Technicel Repert, Rice University,
Schocl of Arcnitecture. ,
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as he moves his head(*). 1t could be used to fill a
sntmintic space with structures throuvoh vhich the indivi-
dual could move i.e. he is completely surrocunded by
computer generated structures (with which he could
interact).

6. A number (up to hundreds) of display terminals may use
2 commen data base. This permits users to interact with,
and explore, each other's "semantic space"” in a very
intimate manner (**). A team cun work together on the
additions to some complex structurs -~ users from different
disciplines each contributing elements and linkages. This
technique is currently used in the allocation of structures
in three-dimensional space in the design of complex facto-
ries, where ventilation, electrical, piping, chemical, and
many other engineers have to interlink the structures with
which they are concerned (X**1),

Te Very suggestive of new approaches to experimenting with
concept, problem or organizational structures is the work
underway using graphics to detect all the different possible
ways of constructing a specified chemical structure, given
a set of specified possible sub-units and restrictions on
the ways they can be combined (****)., One possible appli-
cation in this context, is the charting of possible
sequences of concepts leading to the understanding of
some more general concepts. This would be of interest in
programmed learning work.

8. There is much parallel interest in interactive graphics
for art. A definite convergence of interest in the hand=-
ling of structures and relations is now evident (?7x%¥),
Hopefully this will lead to the development of even more
sensitive interactive devices which could be used to
contain and reflect even subiler concepts - a sort of

(=) Ivan Sutherland. Computer displays. Scientific American,
222, 3June 1970, p. 56-81

{(**) Nilo Lundgren. Toward the decentralized intellectual
wvorkshop. Innovation, Technolegy Communicaticn, 1971,
24, p. 50-60 (repcrting on D. fngelbart®s work at Stanford).

(***) H,J. Genthner. Interactive computer graphics. Computer and
Automation. November 1968, p. 14-17,

(****)E .3, Corey and W, Todd Wipke. Computer-assisted design of
complex organic syntheses. Science, 166, 10 October 1969,
p. 178-192 (see also the third footnote on next page)

(xxxxx)See: Papers on computer graphic art (In: Computer Graphics 70.
Brunel University, 1970, 3 vols.); papers on art and decision-

making information {(In: H.S. Brinkers (Ld.). Decision-
making - creativity, judgement and systems in press).

40
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dynamic interactive ideograph (*).

Perhaps it will only be such devices which will ensurs
Lhe adequate utilization of theoretical knowledge. As.
Harold Lasswell points out:

"Why do we put so much emphasis on audio-visual
means of portraying geoal, trend, condition, pro-
jection, and alternative? Partly because so
many valuable participants in decision-making
have dramatizing imaginations ....They are not
enamoured of numbers or of analytic abstractions. -
They are at their best in deliberations that -
encourage contextuality by a varied repertory of
means, and where an immediate sense of time,
space, and Figure is retained.” (**)

(*)

(**)

(*n;)

Some interesting theoretical and technical suggestions towards
such a device have been made by Gordon Hude (B device for
gencrating a universal binary metalanguage for computer
opcration. London, Prov.Dat.Spec. 69.212;also other unpub-
lished documents from Gordon Hude, 11 The Close, Dunmo-,

Essex CM6 1LW, Cngland.)

Harold D. Lasswell. The transition to.ard more sophisticated
proccdures. In: Davis B, Bobros and J.L. Schuwartz (Ld.)
Computers ond the Policy-making Community; applications to
internationol relations. N.Y., Prentice-Hall, 1968, p.309.

For suggestiveruses of computers to construct potentisl fields
around interacting entities (in this case atoms), see:

Araold C. Wahl. Chemistry by computer. Scientific American,
April 1970, p. 54-70.

Arnold C. Wahl, et.al, BISON; a new instrument for the exper-
imentalist. International Journal of Quantum Chemistry, Sympo-
sium 3, Part 2, p. 499-512, 1970.

A.C. Wahl. Chemistry from computers. Argonne National Laboratory
Reviews, 5,1, April 1969, p. 43-69.
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Qutline Specification of Possible Graphics Demonstration Programs

drawing management's attention to unsuspected links, This facility
becomes increasingly important as organization groups become more
complex.

A computer program is required, for use at an interactive graphics
display console, which would allow an uninitiated person to sit
doun at the conscle and "associate into"™ the screen on the basis

) . . . . Exactly the same technique can be used in library systems to explore
(i} firstly of a field oF.knnyladge (?rganlzat;?ns, Erozliwst the manner in which concepts are linked in indexingysystems and thus
BFC-) well known to him (i.e. of vhich he has a "model" in detect new kcy ords under hich relevant material may be held. To .
his head) date, no solution has been found to the problem of showing the
interrelationship of organizational, activity, geographical or
conceptual entities. The visual display unit could prove to be the
significant breakthrough in this area.

(ii) and, later, of the structures already built up by him
on the screen which can be amended or completed.

From computer data processing point of view, it is obviously immaterial

. : De strati “
what meaning the user attaches to the entities and the relationships emonstration program A
which he inserts =- in sach case, the meaning is represented by a Specific features required are:
user selected labsl. There is therefore a clear advantage, in designe . . . c . P
: Dot L nsect entit 3
ing the demonstration program, to make it of use for entities as (1) insect entity by pointing to a position on the screen

i where it is to be placed.
diverse as

(ii) labe! entity with mnemonic code which can be called onto the
screen against the node. Insert explanatory paragraph or
phrase of text hich can be called onto a windo. on the screen
by pointing at the node in question.

(i) concepts and theoretical formulations., It can then be used with
groups interested in relatienships between concepts -- in know-
ledge structure. ’ .

(ii) organizations. It can then be used with groups interested in (iii) e . L. .
N T . X . i . , iii) means of coding entity type so that entities of a given type
inter-organizational systems and in social systems in guneral. can be caTIEE_;nto the screen or erased.
(iii) problems. It can then be used with groups interested in

It should be ssib iti 5 .
relationships betueen problems e.g. in environmental systems, o e possible to type code entities st two levels. Firstly;

2 "major" range of types should be selectable (e.g. A, B, C. etc.

{(iv) personel teliefs. Though less relevant to the immediate wher : each refers to a different coding dimension, such that A might
concerns of this report, the progrem could also be of great be "organization category" and B "organization budget"). Within
use to psychologists working on the visuolization of an each major range, it should be possible to provide detailed-coding
individual's belief system i.e. a medium into which the subject e Ronae A = " nizati N "
can subjectively associate. . ‘9. e =...2rqsNnizatlon Cateqory

A1 = governmental

For example, in the organization case, the programs are to be used A2 = cnterprise

to illustrate the importance of visual display units as a means of A3 = academic

clarifying the relationships betueen complex groups of crganizations, A4 = etc.

Examples of such groups are (a) netrorks of international agencies,

R‘ = " 1 1}
such as the United Nations, zhich has an unknown number of commissions ange U i budget
and sub-commissions vhose interconnaction it is currently impossible B1 = “10,000,000"
to handle on conventional media; (&) networks of governmental agencies B2 = "“1,000,000"
within any given country, where the same situation applies, particu- 83 = "100,000"
larly with regard to the difficulty of making evident cases of dupli- B4 = etc.
cation and overlap between lower levels of different ministeriess; Diachroni . .
{c) netuorks of business corporations and holding companies which take ranges ggcacziggepgigoge shoun by arranging that one ¢f the type
much study to unravel but which even then are difficult to moke com-
prehensible. i.e. C1 = "1900 - 1910"

’ €2 = "1510 - 1920"

The programs will therefore draw the attention toc 3 new management €3 = "1820 - 193Q%
tool for examining data bank held information to determine activities C4 = etc.
of distant departments of an organizational network and the extent of Thus b : ; s " " )
their interconnection. Specified in this way such networks can be and hag :;:pi;wpgigiz?e:h:ndtygz l?uitcnédtge uscr edvences @ period
"egxploted" from the known to the unknown., Where conventional retrie- n inks added.
val systems require z key to be specific  the proposed system would {iv) insert link (as per (i})
draw onto the screen the required item plus any other organizational ) (v) insert link label (as per (ii))

units which had been directly or indirectly related to it, thus
. (vi) insert link type code (ag per (iii))
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(vii) some means of building up the structure in a simulated
3-dimensional coordinate system

- either by rotating the structure and adding elements to
the 2-dimensicnal plane so exposed

- or by using a program routine to "rearrange" the network
of entities periodically so that they are clustercd such
that certain parts of ,the display are not unduly crowded.

{viii)econverting to the distence matrix of which Lhe network is a
representation. (It may be possible to avoid computing this
by simply editing the data structure held in memory.)

(ix) ‘'redefine" the display so that sub-network making up any node
in the main network may also be inserted,

(x "integration calculation" by computing the inter-connectedness
Y

of the partial network constituted by entities specified with
the light-pen.

Demonstration program B

Data input could be from tepe onto disc or perhaps directly into
memory. Format is:

reference record Cross- geographic numeric value
number type ref. code doscriptars
(entity 1) 54361 “ header 0 U.K. ABCDETGC
" title . 0 Commissian on, *
v aqdress g 2 Broud Struet.
" contact P 3219 U.S.A, STUVW XY
" " 4219 France STUVWXY
" - etc. ’
" contact 0 1298 India STUVUWXY
" etc.
" contact R 4990 Algeria STUVWXY
" etc,
(entity 2) 31094 header 0 U.S.A, ABCDCFG
etc.
(entity 3)  s2001
etc.

To be effective the number of entities displayable and the number of

their inter-connections (i.e. the P, O, R type recérds) should be large

enough to show the value of the visual display unit as a means of

ordering a complex situation for convenient examination. Clearly thay

should not 21l be on the screen at the same time, but it should be
possible to draw them onto the screen from memory.

Program B reguirements

1. Show menu of descriptors A to G on screen. User picks thres to be

used as the three cocordinate dimensions and specifies the range
of values to be covered. Program then displays all entities on
the screen according to these coordinates, giving reference
numbers as identification. (This bears some resemblance to the
IDIIOM molecular rotation display.)

44
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Descriptérs A to G may be verbally described (i.e. in presenting
the program) as representing such means of describing an organi-
zation as: size of budget, size of personnel, assets, type
(governmental, business, academic, etc.)

Show menu of link types P, @ and R of which one may be chosen by
user. Program now draws in links between entities displayed for
the type chosen (i.c. from reference to cross-reference in each
cass for all P types, for example). (Again this bears same
resemblance to the molecular ratation program).

User now is able to manipulate the structure shoun to clarify -
"hidden features". Program must permit rotation of the structure,
increase in size and reduction in size. Parts going outside the
scruen must be chopped of . (Again this bears resemblance to the
melezular rotation program.)

This procedure allows the user to see how differcnt organizational
units are linked in terms of, for example: P, here P is inter-
preted as meaning a flow of funds; 0, where @ is interpreted as °
meaning a flowr of decisions; or R, uhere R is interpreted as
meaning 8 flow of information. Other such flows could be envisaged,
different fle s being more significant for the Four types of

body likely to he interested in this application. Thu:t commercial
orgonizations are likely to be more interested in share allocatien,
voting porer, and the manner in which funds are allocated., Othcrs
will be interestsd in the flou of information, memberships links,
etc.

This link display can now be refined by displaying a menu of
numeric value descriptors S to Y. Users may select one of these.
This causes the links to be re-displayed in terms of their signi-
ficance os given by the numeric values., Tuwo techninues mzay be
envisaged. The links may be increased in brightness accerding

to the values given in each record in each case. Or the links
may be blinked according to a frequency governed by the value.

A third possibility exists that the links might be made dotted.

This approoch enables the user to determine which are the active

or important links according to particular criteria which he
defines. Clearly it would be of benefit to him to alternate fairly
ropidly between different descriptors S ts Y, and even bet een
different link types P to R. Thie might show how the funds flow
was related to the decision or information flow pattern, for
example,

As a refinement on point 1, the entities could be displayed such
that the values of one of the descriptors A to G governed the -
numbcr of rings (concentric) around the point, thus giving a size
indication of importance. ’

One argument against this type of display for management purposes -
ig that it lacks descriptive detail. There is however no reason
why the light-pen cannot be used to indicate noces or links on
which textusl comment is required. This can be retrieved and
displayed on the whole screen or in an appropriate windo.
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The user should be able to work with the display to explore
parts of the network not held on the screen:

(a) point to given node, program re-displays with that node at
centre/origin, drawing in and pushing out parts of the
network.

This is used to focus on an organization previously on the
periphery of the display and to determine its contacts.

(b) Nodes as concepts or organizations, may be envisaged as
having other nodes (i.e. sub-concepts or subsidiary orga-
nizations) nested within them. Such nesting could be made
evident by instructing lhe program to "explore" a given node
identified by the light-pen. This new information fills the
wvhole screen,

{(c) The converse of (b) may also be envisaged. The whole of a
display may be considered as an organizaticnal or concupt
system which can be considered as a node. The display may
therefore be "imploded"{using a key or part of the menu) to
re-display the network in terms of that node taken at the
origin.

Techniques (b) and {(c) can be used as means of exploring orgaoni=-

zational hierarchies in a "vertical" direction, whilst permitting

the program to remove all information from a higher or louer level
of the hierarchy. Technique (2) permits horizontal exploratiaon

of hierarchies and organizational nctworks,

Visual examination of a network is not sufficient. The eye
cannot aluays focus on or detect significant features of the net-
work., Programs could be envisaged to perform the following:

(a) Examine a displayed network and then display a list of nodes,
ranked in order of the number of links to them (i.e. most
linked to organization first). This is a means of focussing
on key organizations in a network. A very practical follow
up is to then select those titles for which name and address
list outs are required on the terminal. This permits rapid
transfer from deciding that a given organization is in o kay
position and making arrangements te write or send somcthing
to it.

(b) Similarly, a list oul could be envisaged of organizotions in
terms of the extent to which they function as "bottle-neck"
for flows through them,

(c) If some of the descriptors are considered to cover informa-
tion transfer and processing rates at and between nodes, then
node pairs can be ranked in terms of. the time taken far in-
formation to travel along the most direct route between them.

These techniques are extremely useful for the analysis of organi-
zational networks as information transfer systems, prior to
recommending the creation of a new organizational unit to improve
the performance of the system. Much time and monsy is currently
spent on this in a very ad hoc manner. A futurc development
might for example permit the user to add in an erganizational
unit at a particular point in the network, defining its charac-
teristics, and then recomputs the characteristics of the system,

9.
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Additional possibililies in summary are

(a)

(b)
(e)
(a)

listing of "opposite numbers" in organizational hierarchies
i.e. who is concerned with a given subject in another part
of the nctwork, .

listing of projects undertaken by an organization (held
as text), or products sold by an organization

gevelopment af techniques to compute cases of overlap and
duplication

use of such displays in educational environment to permit
exploration of national or international organizational
structures in conjunction with a programmed learning type
envircnment where a particular step in the exploration was
not understood. /////

(e) linking use of the system to EVR for educational purposes,



Appendix C1

Representation of Concept MNetworks using Groph Theory

This project is concerned with the collection of entities and the
indication of relaticnships, if any, bLetween those entities.
Expressed in these general terms, the techniques of graph theory /
may be used in this project. Graph theory is concerned with the /
"arcs" {links or relationships) belween "nodes" (entities) and

the various structurel properties of the network so constituted.

It can be of great assistance in dealing with a broad range of
combinatorial problems which occur in various economic, socialo-
gical or technological fields. 1t is, perhops, thal aspect of the
theory of sets which can produce the most fruitful results not
only for the pure mathematician, the engineer, and the organizer,
but =2lso for the biologist, the psychologist, the socioclogist

and many others. Grephs can be used to represent structures such
as: a network of roavs, an electrical circuit, communication in a
group, a complex chemical molecule, circulation of documents

in an grganization, kinship structures, etec. ()

Its use in connection with relations botween more abstract socisl
entities such as orgenizations and nations is much less lrequent (*+),

——————————

(*) A. Kaufman. Graphs, dynamic programming and finite games.
N.Y., Academic, 1967.

Claude Berge. Theorie des graphes et ses applicotions.
Paris, Dunod, 1958, 277 p.

(**) Claude Flament. Theorie des graphes et structures sociales.
* Paris, Mouton, 1565 (Erglish sedition, Prentice-Hall)

J. Clyde Mitchell (f£d.). Sccial Networks in Urban Situations.
Manchester U.P., 1962

. Nerman Schofield. A Llopological model of intermational
relations. (Papter presented to Piece Research Internatienal
meeting, london, 1971).

Ceorge M. Beal et al. System linkages omong women's organi-
zations. Department of Sociclogy and Anthropology, Iowa
State University, 1967.

Robert 0, Anderson. A scciomstric approach to the analysis
of inter-organizatisnal relationships. Irstitute for Community
Development and Services, Michigan State University, 1969

D. Cartwright. The potential contributions of graph theory to
organization theory. In: WM. Haire (£d.) Modern Organization
Theory, Wiley, 1959,

-2 -

Its use for handling psycho-social abstractions appears to be
even rarer (*).

The imoge of a 'network or web of ideas' to represent a complex

set of inter~relationships in a sphere of knowledge, and particu-
larly culture, is a fairly familiar one (**). This use of ‘'network!?,
howaver, is purely metephorical and is very different from the

notion of a network of concepts as a specific set of linkages among

a defined set of concepts, with the additional property that the
charocteristics of theose linkages as a whole may be used to interpret
the semantic significance of the concepts involved.

Some features of concept networks

Points 1 to 3 below are concerned with the shape of the network,
4 to 8 with intoractions uithin the network.

1. Centrality. A measure (in topological not guantitative terms)
of the extent to which a given theoretical entity (e.g. a concept)
is direcctly or indirectly "related” via links to other entities
i.e. the extent to which it is "distant" from another entity.
One can spesk of a "key" concept or of a concept being "central"
to the concerns of a particular discipline., It may olso be
considered a measuve cf the degree of "isolation" of the entity.
A sysiermatic analysis of the centrality of theoretical entities
could indicate vwhere new concepts are necessary to bridge con-
ceptual gaps and link isolated domains.

(*)Belicl systems (sce Appendix £2 ), Social science dala monage-

ment (see Appendix B2 ).  In the Tield of documentation o
thosaurus may be represented "graphically" but more for the
visual presentation Facility (see Appendix D3 ) than for any
graph theoretic possibilities. For example: the "genetic mops™
of the U.S, Armed Services Technical Information Ag=ncy (ASTIA),
the concentric circle diagram of the Technische Dokumentatie -

en Informotie Centrum voor de Krijgsmacht (TDCK, The Hugue), the
arrow diagrams used by EURATOM and the Bureau dletudes van Dijk in
Brussels (see Figure 1). See also the computer estoblished
"association maps” of Lauren B. Doyle. (Indexing and abstracting
by association. American Documentation, October, 1562).

Sce also:  Kurt Le~in. The Principles of Topologicsl Psycholegy.
N.Y., McGrow-Hill, 1936; L. Zierer. The theory of graphs in
linguistics. The Hague, Mouton, 1970, 62 p.,; R, Quillan,
Semantic memory. In: M. Minsky (Ed.). Semantic I formation
Processing. Cambridge, M.I.T., 1968, p. 225-270; R.B. Banerji.

A language for the description of concepts. Unpublished paper,
System Research Lenter, Case Institute of Technology, 1964.

(*$For example, Ruth N. Anshen. "What World Perspectives means",
Epilogue to Lewis Mumford. The Transformations of Man. N.Y.
Collies 1962,

"Man's situation is new and his response must be new. Ffor

the nature of man is knowable in many different ways and all of
these paths of knowledge are interconnectable and some arc
interconnected, like a great network, a great netuwork of people,
between ideas, betveen systems of knowlsdge, a rationslized

kind of structure which is human culture and human society."”

r
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or "density" of a group of concepts.

Coherence. A measure of the degree of "interconnectedness"”

This may be considered as

the degree to which a system of concepts is "complete". Differ
ences in density would reflect the tendency for more highly
coherent concept systems to appear more self-reinforcing in
comparison to less organized parts of the network. In some
respects this is an indication of the degree of "development”

of a group of concepts.

Raunge. Some concepts are directly related to many other cohcepts,
othars to very few. The range of a concept is a measura of the
number of other entities to which it is directly related.

Range could be considered an indication of the "vulnerability" of
a concept, to the extent that a high range concept would bs lsss
vulnerable to attack than a low range concept, since it has

more bonds anchoring it to its semantic environment. High range
points are therefore either key points in resistance to concoptual
change or else key points in terms of which orderly change can be

introduced.

Content,

nature or reason {or existence of that relationship.

The "content" of 2 relationship betueen entities is the
The different

typos of relationship are covered in Appendix A5 . 1In general;
different relationship contents are required for each mouel (see

Appendix A3 ).

Simple graphs have only one link between any two entities;
multigraphs have two or more links, each of different content.

Directedness. A relationship between two entities may have

some "direction" i.s. A to B, or B to A. The different types

of directedness for different models is described in Appendix A3,
The most important for this project is probably: A "is a subset
of" B, i.e. directedness points to the more fundamental concept
of a pair. In a multigraph, one link may point from A to B

and the other from B to A ~- where each is more significant in

terms of different content.

Ourability. A mecasure of the period over which a certein rela-
ship between entities is activated and used, In fact, any entity
may be considerecd, by somsone, to be linked to any other., At
one extreme, there are the links activated only on a "ons~-shot"
basis (e.g. a “"trial balloon" idea), at the other there are
links, and sets of links, which are considered stable over
centuries (e.g. the concepts associated with "property").

Links may be considered stable and durable, unstable and
short-lived, and metastable, Metastable links are those which
would disappear if the appropriate arguments wers brought to
béar -- but otherwise persist as a localized abnormality.,
Durapility is clearly important for historical models (ses

Appendix A3 ).



7. Intensitv. A measure of the strength of the link or bond betwean i
two entities. Two concepts may be said to be "strongly bound
together”. 1In some models, the intensity is a measure of the
amount of the "flow" or "transaction" betwesn the entities
(sees Appendix A3 ).

The link from A to B may be strong, and that from B to A, weak.

8. Frequency. A link between two entities may only be established
intermittently. This measure is less significant to this project
(except perhaps in cyclic approaches to the history of ideas or
to the activation of concepts over a 24 hour period.)

9, Rearrangeability and blocking. A connecting network is an
arrangement of entities and relationships allowing a certain
set of entities to be connected together in vorious possible
cambinations. Two suggestive properties of such networks,
which are extensively analyzed in telephone communications (*),
ares

rearrangeability: a network is recarrangeable, if alternative
paths can be found to link any paeir of entities by re-
arranging the links between other entities.

blocking: a network is in a blocking state if some pair
of entities cannot be connected,

Examples of types of network pattscns

Some of the above features of networks of concepts {or other entitiss)
may be illustrated by the set of diwgrams in Figure 1. Each entity

is represented by a letter of the alphabet. Four simple types of
entity groups are shown. FEach typs is further distinguished if the
relationships between entities are directed.

a) In the non-directed examples of group (1), A is the central
concept in (1.3), A and D in (1.4), A and F in (1.2). 1In (1.1),
there is no central concept.

b) In group (1), peripheral concepts are D and C in (1.2); B,
C, E and F in (1.3); B, C and F in (1.4). There are no peri-
pheral concepts in (1.1).

¢) In group (1), the range of A in (1.3) is 4, in (1.4) it is 3.

d) In group (1), the reachability of A in {1.1) and (1.2) is 3,
in %1.3) it is 1, and in (1.4) it is 2.

(*)V.E., Benes. Mathematical Theory of Connecting Networks and
Telephone Traffic. N.Y. Academic, 1965, p. 53

A
‘B B
8 i A A
c D
[ c
c
O 2 1.3 1.4
2.9 2.2 2.3 2.4
3.1 3.2 3.3 3.4
\K\\‘ i
4.1 4,2 4.3 4.4
Figure 2 \ fxamples of simple networks of entities
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@) In all the directed examples of group {2), A is the central concept
with at least B and F as direct component ecomcepts (*). In all
except (2.3), there are even sub-sub-components of A.

f) In all the directed examples of group (3), A is the central
concept but only as a common sub-component. D is also a common
sub-component in (2.1).

g) In all the directed examples of group (4), there is a chain of
component /sub-component links. In (4,1), this is continuously
forming a loop. In (4.2) and (4.4), C is the major concept.
In (4.3), A is the central concept but only by having F and E
as sub-components and being itself a common sub-component to
B and C.

The above features are all evident, almost to the point of being
trivial. But most cases of interest are likely to be much more
complex, with many nested levels of concepts and cross-linking
relationships. These may be examined by matrix analysis technigues,
particularly using computers (to which the proposed record layout

is suited) (**). Computer programs exisi to detect properties of
networks.

Specific reference is made to the use of network techniques in
domains related to this project. Mention has been made of citation
indexing (Appendix D3 ), artificial intelligence (Appendix L2 ),
personal construct theory (Appendix C3 ).

(*)The set/subset relationship is used to illustrate these directed
examples but other meanings are alsc possible (ses Appendix A3 J. °
In particular, time order of formulation of concepts, and
cybernetic information flows between problem areas or within
organizational networks.

(**)C. Berge. The Theory of Graphs and its Applications, Londan,
Methuen, 1962.

€. Flament. Applications of Graph Theory to Group Structure.
Englewood-Lliffs, Prentice-Hall, 1963,

F. Harary and R.Z. Norman. Graph Theory as a Mathematical
Model in Social Sciences., Ann Arbor, University of Michigan, 1953

F. Harary, R.Z, Norman and D, Cartwright, Structural Models:
an introduction to the theory of directed graphs. N.Y., Wiley, 1965

#A

1 . Appendix C2

Relationship to Artificial Intelligence Projects

In censidering the possibility of coding definitions of concepts,
proposinions and like entities, it is important to benefit as
much as possible from related work on artificial intelligence,
and possibly pattern recognition. Artificisl intelligence and
projects to simulate human perscnality or belief systems have
had to develop methods and computer techniques which can
handle and interrelate entities such as concepts and proposi-
tions. Clearly the object of such projects is not attained
onca an inventory of entities can be examined, even if it is
hignly structured in the form of a thesaurus. It is therefore
intercsting to look at both the techniques used to handle
concepts and the types of computer-based interrogations that
are ther possible.

The suggestion that techniques of handling individuals?! "beliefs®
about interpersonal relations should have some parallel to a
community of scholars! attitudes towards the concepts, propo-
sitions, etc., which constitute its territory, may appear
somewhat provocative, Does a school of thought constitute a
belief system?

T.S. Kuhn (*) uses the terms "belief","metaphysic”,"commitment"”, and
"corversion” in connection with a scientific community's attituds
toverds @ paradigm and paradigm change. He mentions a non-

scientific relationship between the community and its current
paradigms. ‘In addition, the direct structural relations betuween
belief and thought are conveniently summarized by Milton Rokeach (*).

It is no. necessary to Qo into this point, however, because it
is only the insights concerning the approach to handling highly-
interrelated "entities" which are of immediate interest,

The points made in this section are a summary, mostly direct ex-
trocts, of a paper by Kenneth M. Colby and colleagues (***). Colby
is a psychiatrist working on the Stanford University Artificial
Intelligonce Project,

There exists a class of problems in the behavioral sc}ences that

(*) T.5. Kuhn, The Structure of Scientific Revolutions. Chicago,
University of Chicago Press, 1962,

(**) Milton Rokeach. The Open and Closed Mind; investigations into
the nature of belief systems and persgnality systems, New
.York, Basic Books, 1960. (see pages 16-19, and Part
I11)

(***) L, Terler, H. Enea and K.M, Colby. "A directed graph representa=
tion for computer simulation of belief systems," Mathematical
Biosciences, 2, 1/2, Feb. 68, 18-40.



has been difficult to manage satisfactorily with information-
processing methods because of a lack of a good computer repre-
sentation for very large memory structures. One oxample is the
abstract representation linguists term a "deep structure" into
which natural language is translated and to which transforma-
tional grammar is applied in generating naotural language sentences.
Another example consists of the large data bases required in
computer simulation of human belief systems.

The paper describes a directed graph used for the representation
of the data base of a computer model that simulates the forma-
tion and processing of an actual person's or an artificial
system's beliefs about interperscnal relatiens. The graph
constitutes a formal structure capable of abstractly representing
the great variety of semantic relationships found in human
concept and belief systems.

The basic component of the dota base is the abstract entity
“concept". Examples of concepts sres parents, fear of women,
old men, hating authority, Juhn, hstred,.

Kinds of concepts used are: sets, individuals, and propositions,

A "belief" in the model is an attitude towasrd a proposition about
" concepts. It is convenient to regard a propositicn as a spetcial
case of a concept. A proposition is considered to have one of
tvo functions -~ to represent a "facl" or to impart a "rule".

Not all propositions need to be beliefs in the model, The degree
to which the model is willing to .accept a proposition is called
the "credibility" of the proposition, while the degree to which
evidence substantiates a proposition iscalled its "foundution".
Credibility and foundation are useful criteria determining whether
a proposition is rejected or retained. They are mecasured on
arbitrary scales from 0O to 100, 1Ip addition, without regard for
their status as beliefs two propositions can still differ only in
"intensity"; for example, "John strongly believes in *x'", and
"John weakly believes in 'x'",

Different concepts in a model can vary in thir importance to the
train of thought and a single concept can vary in its importonce
from time to time. The attribute measuring their differences

is called “"charge", e.g., "sex" may be a permanently charged
concept, whereas "washing the dishes" might be temporarily
charged.

Other distinctions can be made between ccncepts on the basis of
their "longevity" (how long age formed) and "inhibition" (ten-
dency to be avoided in communication and reasoning).

In addition to quantitative measures, concepts have qualitative

aspects. The "kind" (set, individual, or proposition) and the
"origin" (a priori, cbserved, or reasoned).

B0

B

Concepts are represented in the model by nodes of a directed
graph. Simple relationships are represented by directed arcs
betwesn pairs of nodes. Cach arc is labelled e, s or p, dgpen—
ding on the type of relationship. The types of arcs are dis-
tinguished by their formal properties, but notions of their
approximote meanings can be outlined:

AeB
As B

individual A is 2 member of set B
set A is a subset of set B
or proposition A is a consequence of pro-
position B
B p A=A has B, or A has property B, or B belongs
to A, or B is part of A, or the idea of A
suggests the idea of B, or A does B

no

The same mode can be an individual, set, or proposition in
different "contexts". The formal properties distinguishing
the three types of arcs are given by seven axioms of valid’
graph enlargement.,

Axiom 1 A s A . s is reflexive
Axiom 2 As B BsC — AsC s is transitive
Axiom 3 AeB BsC = AeC A member of a

subject is a member
of the set

Axiom 4 AsB CpB ~ CpA A property of a
set is had by its
subsets

Axiom 5 ReB CpB — CphA "

Axiom 6 BpA BsC -~ CpA Having a specific
property implies
having the more
general property

Axiom 7 BpA Bel .. CpA e

There aro two ways to look at a directed graph: locally and
globally. Local examination implies that examination begins

at some node and proceeds only by following the arcs (in either
direction) thot touch that node. Global examination renuires
"stepping back" from the grspb and looking for patterns.

Three basic methods of graph (or tree) searching are available
in scquential processing: depth-before~breedth, breadth-before-
depth and a partially random approach. Special computer praog-
rams have been developed to do this.

Comment .

It is clear that with the introduction of such additional fea-
tures as “credibility", "Foundation”, "charge", "longevity",
"inhibition", "mode", and "origin", a much more dynamic picture
of the belief system emerges. Ffor each of them, an equivalent
exists within a discipline's conceptual world, but whether it
would be possible or useful to attempt to incorporate all such
infFormation is another matter. At first sight, it would be
particularly appropriate to attempt to do so for the educational



or historical model types.

Use of computer models of belief systems.

Once a data base exists, it is possible ta interrogate it and
discover what its beliefs are on particular topics (*). Morse
ambitiously, it is possible to enter into dialogue with it, such
that it will examine and accept or reject propositions made,

and thus extend or mcdify the data base on the basis of the
credibility of the informant. (*x))

Work in this area is relatively advanced, although bound by

important constraints due to simplifying assumptions. (As an
illuystration, a "paranocid" model permitting natural longuage
dialogue has been constructed by altering the sensitivity of
the model to statements on certain topics in terms of three

scales of "fear","anger", and "mistrust”". (¥=*)

Comment .

There is no technical redson why the concepts and propositions
of a given discipline should not be handled in this way. The

* fact that they do not all tie together into a consistent,

coherent whole represanted by a monolithic hierarchy of concepts
is no obstacle. Individual belief systems are not consistent

or coherent, either. (The stancard sentence forms used in such
models can be taken not as cruds approximations to Lnglisn
verbalization, but as quite generel representations of properties
and relations among objects. Such relations and properties can
be expressed in a variety of symbolic forms other than verbal.
Thus the forms in which the mocel's belisfs are cast can be

seen as general and pouerful cognitive schemas, and not mersly

as exercises in Dick-and-Jane prose. (**%*)

{*) 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-97)

(*%*) K.M. Colby, S§. Weber and F.D. Hilf. "Artificial Paranoia,"

Stanford University, Artificial Intslligence Project, 1970,
(Memo AIM-125).

K.M, Colby, and J,P. Gilbert. "Programming a Computer Madel
of Neurosis". Journal of Mathematical Paychology, 1964,

1, 405-417.

(****) J.C, Loehlin, op.cit. p. 111.
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In thinking of the application to schools of thought, it is
intercsting to note the comment made by Colby and his colleaques
on the status eof the model held by the computer,

Our problem -~- how to construct a good model of the
informant's belief process. The criteria for "good"

can be varied --are we getting at what the informant
"really" believes? What "really" means here is ob-
scure, but it is common knowledge that people have
limited accessibility to their beliefs at a given mo-
moent, Even worse, they have the capacily to deceive
themselves, to rationalize, and to cdistort their own
beliefs ...In worrying about what is "really" believed,
we found it useful to keep in mind that we were con-
structing a model of a model., A belief structure is '
a representaticn,and in giving information about himself,
an informant tells us what he believes he believes,

H2 scimulated himself and it is his accessible model

of himself that becomes the data base of a computer
model, Humons' ability to simulate themselves and

to make models of other models is of course a most
interesting property for a sumbolic system to have. (*)

Elscuhere he notes that a belief system (like a school of
thought) is itself a model (if only purtial) of the universe.
He considers thot reasoning processes are aided in the indi-
vidual by his simulation of his own mind -~- by "autosimula-
tion"., It might be useful for disciplines Lo examine their

own conceptual structures in the same way as an aid to the
development of the discipline. It could be particularly impor-
tant as @ 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 pcssible development of this project.

1. A static inventory of concepts and propositions

2., A static nelwork of interrelated concepts and pro-
positions

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 1language interaction

On this last point, it may be possible to allow a (non-computer-
oriented) specialist in a particular field to "dielogue® with the
concept data base to permit him to discaver and indicate where

he differs from its contents and what new he thinks should be
included (**) This approach might pe a useful method of getting

(*) K.M. Colby, L. Tesler, H. Emea, op.cit,, page 9.

(**) See: K.M, Colby and H. Enea. Heuristic method for come

puter understanding of natural language in context~
restricted on-time dialogue., Mathematical Biosciences, 1,1-25,
1967.




.

around the behavioural problems associated with the power
position of official classifiers in committees.

It is even 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).

This last stage raises the serious problems of "deep structure"
in linguistic analysis, the formalization of natural language
semantics within the limits of particular scientific dialects,
the need to relate such languages to one another through
semantic and symbolic manipulations and the question of mechan-~
ized translation. These difficult problems are avoided or by~
passed in the early stages becsuse it is not the "words™ in

the "surface structures" which are coded but the m~anings of
these words as “"terms". In other words, this project is sig-
nificant because it attempts to code the elements of the deep
strycture directly and in a manner which avoids the verbioge
(and of course much richness) of the "carrier wave" functions
of natural language. Efforts at mechanized translation seom

to be attempting to translate natural longuoge into terms,

This approach treate terms as conventional labels but not as
the goal of translation. Consultation at an eoarly stoge with
specialists in these areas would be vital.

Future

As a future development of the application of techniques of simu-
lating belief systems to simulating schools of thought, one can
envisage the possibility of an individual being able to interro-
gate, or dialogue with, different schools of thought, each repre-
sented in a model, The individual could compare responses and
examine their incompatabilities. This might have some applicaticn
in the policy sciences where experts from different disciplines in
effect emach submit different models of a problem situation and its
solution. It would however be particularly useful as an educa-
tional tool and for interdisciplinary research, (The individual is
here an active participant in the dialogue. OF possible interest
would be a "dialogue" between computer models of two or more dis-
ciplines sparked off by a topic selected by the individual to be
educated. This would probably be of more value as an investigation of
belief system behaviour under threat to conceptual territory.)
Other references:
C.M. Eastman. In: H.S. Brinkers (Ed). Decision-making; creativity;
judgment, and systems., (in press).

F.H. George. "Formation and analysis of concepts and hypotheses
on a digital computer.” Mathematical Biosciences, 3, 91-113,1968.

K.M. Colby. "Computer simulation of change in perscnal belief
systems." Behavioral Science, 12, 248-253, 1967.

R.P. Abelson and J.D., Carroll. "Computer simuiation of individual
belief systems?! American Behavioral Scientist, 1965, 8, 24-30.

M.R. Quillan. Semantic Memory. Bolt, Berenek and Newman. DDC Repart
RD 641-671, 0Oct.1966. Also published in:M. Minsky (Ld.).Semantic
Information Processing. M.I.T7.,1968.
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1 ) Appendix.C3

Relationsnip to Personal Construct Evaluation Techniques.

There exists a school of thought in psychglogy concerned with
the evalustion of "personal constructs” (*). The arguments in
this Appendix are based on axtracts frfom the most recent book
summarizing the field (**). A "construct" is the basic contrast
between two conceptual groups. When it is imposed, it serves
both to distinguish betweeen its elements and to qroup them.

Thus the construct refers Lo the nature of the distinction

an individual attempts to make between events, not to the

array in which his events appear to stand when he gets through
applying the distinction between each of them and all the
others. A construct system is made up of nothing but constructs,
and its organizotion is based on constructs about constructs,
which may be set up in concretistic pyramids or abstractly
cross-referenced in a hierarchical set of relationships.

The systep of constructs which a person establishes for him-
self represents the network of pathways along which he is

free to move. When a person must move, he is confronted by

a series of dichotomous choices -- each choice being channel-
led by a construct. Cech construct represents a pair of rival
hypotheses, esither of which may be applied to a new element
which the person seeks to construe. The construct system

sets the limit beyond which it is impossible fer the person to
perceive. Many constructs have no word labels and represent
nonverbal ond preverbal bases of discrimination and orgoniza-
tion, and these may occupy important and even central places
in the economy of a person's orientation towards himself and
the world,

The construct system is evalueted using a grid-based inter-

view method, which results in a matrix giving tho interrela-
tionships between the elements of the system. This matrix can
then be scanned by computer to highlight clusters. A number

of computer programmes have been developed for this purpose,(**%)
Slater (****) has prepared a program which accepts grids cast in

(*) G.A. Xelly, The Psychology of Personal Constructs. New
York, Norton, 2 vols., 1955,

(**) D. Bannister and J.M.M. Mair. The Evaluation of Personal
Constructs., London, Academic Press, 1968.

(***) For a summary see: J.C.J. Bonarius. "Research in the Personal
Construct Theory of George A. Kelly." In: B,A, Msher (Ld.)
Progress in Experimental Personality Research, tondon,

. Academic Press, 1965, vol. 2.

(***+) p, Slater. The Principal Components of @ Repertory thd.
London, Vincent Andrews, 1965,

. "Notes on Ingrid 67." London, Biometrics Unit,
Maudsley Hospital, 1967.




any form and is a form of principal component analysis., This
analysis delineates significant orthogonal structure both of
constructs in relation to elements, and of elements in rela-
tion to constructs. Thus a fairly detailed overview can be
obtained in mathematical terms, and this can be examined
visually in terms of a hypersphere which represents a person's
psychological spatce as subsumed by grid method.

Comment

The authors of the volume, from which the above extracts were
cbtained, point out that "...we have presented grids with only
one type of element -- namely, people. The limitation

was accepted for the sake of simplicity in presentation. We
cannot tgo strongly emphasize that the content of grids (the
constructs and elements) is, for practical purposes, very
variable." (p. 72)

In their discussiaon of uses other than interpersonal relationships,

"Many constructs are symbolized by verbal labels =--

a word or a group of words. All words in general
usage in any language have commonly-agreed diction-
ary meanings; but individuals may often use similar
words to describe different experiences or ideas, or’
different words to describe similar experiences or
ideas., Almost all psychological measures dependent
on words have relied heavily on the assumption that
different people will understand broadly the same
thing where a standard set of words is used (e.g.,in
a questionnuire) and will mean the same thing when
thoey reply in some standard form, Grid method does
not assume that the subject means what the experi-
mentor means by particular verbal lsbels involved in
the test -- on the contrary, the method is designed
to help ascertain what the subject means by particu=
lar verbal labels....It is then possible to compare
their personal "meanings" for words sither with their
public meaning (the construct interrelationship im-

plied by dictionary definition, or normative relation-
ships yielded by grid administration to groups), or
with the experimenter's meanings (either by having

Lthe experimenter complete a similar grid, or by

they mention only relations between individuals and such elemonts
as films, paintings, inanimate objects, emotions, problem sit-
uations in a person's life. But Kelly himself points out that
"not only can the grid notion be generalized to all conceptual- . . . X i .
izations{ but thiagmathematical notion can also be generalized. having him pred%ct the‘construct relationships whtCh
The incidents and voids which populate a grig of intersects ] would reflect his particular explanatary stance).
provide the binary numerical basis for a mathematics of psycho- p.143)
logical space... Thus we may have a mathematical basis for
expressing and measuring the peorceptual relationship between

the events which are uniquely interwvoven in any person's
psychological space." (op.cit. 301-2) .

Clearly this approach could be used by a modelling body:

(a2) tc obtain a systematic check on the degree of consensus
araongst its members

(b) to interview members of the school of thought on par-
ticular concepts, propositions, etc., their interrelationship
and their importance. In this case, the individual grids
are averaged by computer to obtain the dominant clusters
(which would seem to be the beginnings of a fairly "demo-
cratic"modelling system).

On this basis, therefore, it would seem that this technique
could be opplied to determine the constructs used by a school
of thought or a discipline in ordering its own perception of
significant elements in its world view.

One advantage of this approach is that it does not necessarily
impose any content dimensions on the subject (in this case a
school of thought). Lach subject can be encouraged to express
the constructs which he uses to make sense of areas of his life.
In a sense the resulting picture is culture-free and sub-culture
free in that the subject has been allowed to work in terms of
his ouwn preferred language -~ rathar than in terms of an “alien
tongue” chosen by the investigator. This lack of an imposed
language is most essential to any proposed effort to handle the
concepts of different schools of thought -- if only to avoid

any form of conceptual imperialism,

The authors note a major disadvantage of the grid method:

"...it is already apparent that the original binary grid and

its more recent variations cannot adequately subsume all the
ingeniaus and sometimes contorted forms of constructing which
men have undertaken. Not least among its limitations is its
fixity in expressing only one type of linkage betwesn constructs
(the reciprocal linkage represanted by a unitary index of assg-
ciations), and its failure to incorporate some important aspects
of construct theaory." (p,74)

Final}y, it is very instructive to examine the formal descrip-
tion of personal constructs theory replacing "person" and
"user" by "school of thought" or "discipline" (see Figure
reproduced from Bannister and Mair, op.cit.)

It is interesting to see that these same authors reflect some

of the preoccupations of fred Riggs and C. Sartori (*). !

(*) Ffred Riggs. Words, concepts and terminology. Hawaii,
Social Science Research Institute, University of Hawaii,
1971 (COCTA Working Paper n® 1.

G. Sartori. Concept misformation in comparative politics.
Amsrican Political Science Review, 64, n° 4, December-1970,
p. 1033-1053,
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1 : Appendix CS

Use of Input/Cutput analysis (*)

Network analysis is closely related mathematically to input-
output analysis which has been used for some years by econo-
mists to analyze the trading transfers between different sec-
tors of industry.

"It has long been recognized that in the economy of any
town, city, state or nation, each business depecnds on
products and services of other industries in order to
produce products or services of its own. This inter-
dependence of industries within an economy is entirely
obvious, but difficult to measure, and becomes more
difficult as the ecounomy becomes more complex and more
mature. The "squore matrix" of interindustry transoc-
tions -~ which shows these interdependencies and measures
them for a given period -- is, in combination with elec-
tronic data processing, becoming a valuable basis for
future ecounomic planning for business, industriol firms,
and governments ~-~ local, regional or notional. For
both sudden and gradual changes in industrizl, govern-
ment of consumer areas of supply and demand alter all
other relationships, and individual companies stund to
profit or suffer in the transition....Application of
Input/Output to marketing problems assures improved
information generated thrpough the use of a gsystems
approach: analyzing a problem in relation to the whole
esconomy, rather than as a series of unrelated cases.” {*x)

It is quite clear from this that interdependence of industry
sectors and the constituent enterprises has been widaly recog-
nized, This recognition is of course limited to interactions
detectable from an economic perapective. The sams principle
applies, however, to all interacticns (funds,information, goods,
etc.) concerned with all subject areas (development, environ-
ment, education, etc.). This is not generally recognized.

It is interesting to note that Wassily Leontief, who developed
the input-output technique, now foresees that input-cutput
tables might be expanded to quantify the hyproducts with which
the various industries pollute the atmosphere. He considers
this would lead to a sharp understanding of the copnections
between economic processes and the environment and thus help
to solve this major problem in the developed countried, namely
the rapid deterioration in the quality of 1ife (Business Week,
22 November 1969, p.126).

"The unique service of input-cutput analysis is its
ability to give a detailed picture of the industrial

{(*) This appendix is based on extracts from: Jere W, Clark and A.J.N.

Judge. Deveclopment of transdisciplinary conceptual aids,
Brussels, Union of International Associations, 1970.

(**) Facts on Fortune's 1966 Input/Output Matrix ~-- Computer-age

Tool. p.2-5. See also: Wassily Leontieff. Input-cutput analysis.

Oxford U.P., 1967.

structure by putting numbers on all the complex inter-
connections that link the various sectors of the econ-

omy." (*)

The ability of this technique to highlight interdependencies
and weaknesses in a system of producers and consumers of goods
(represented by their funds! equivalent) suggests a similar
use to highlight interdependencies between different sectors
of the psycho-social system, In this cese it is necessary to
deal in terms of producers and consumers of information --in
its broadest sense. This technique could then be used wilh
the cybernctic models (Appendix ).

The situotion becomes very complex since the table or network
becomes multidimensionol. There are many methods of avoiding
these problems and obtaining rew insights. As an zxample, an
"informotion map" in input-output table form was developed

for the State of California by concentrating on information
flows. A survey was carried out to indicate "every instance
where information was exchanged between a particular organiza-
tion and the State government and the local government." These
interchanges were shown by means of a code on an input/output
table covering all of the Stale organizations, cities, counties,
Federal Government agencies, and private enterprises. Aside
from giving on overview of the State information network,

the table highlighted cases where one group of arganizations
needed information from eanother group but could not obtain

it because it was not available. (**)

t might be possible to employ the same technique to handle
information between disciplines and thus provide one aspect of
the interdisciplinary chart mentioned by René Msheu, Director-
General, UNESCO:

"One of the most significant results that should
naturally emerge from a study such as this, is

the preparation of a chart -- admittedly provi-
sional and subject tco constant revision -~ of the
strong points and weak points of interdisciplinary
cooperation and of their substratum, and the iden-
tificotion of priority areas to which research scien~
tists should direct their thinking and institutions
their activities." (xxv)

(*) Business Week, 22 November 1969, p. 125.

(**) Hearings before the Special Subcommittee on the Utilization
of Scientific Manpower of the Committee on Labor and Public
Welfare, United States Senate, 89th Congress,S5.2662, 1965-
66, p. 35-38.

(***) René Maheu in the preface to: Main Trends of Research in the
Social and Human Sciences. Part one: social sciences. Paris,
Unesco, 1970, p. xv.



Appendix D1

Related and Earlier Attempts at Concept Coding

There have been many attempts at isolating and classifying elemants
of meaning at the root of complex concepts. De Grolier (*) 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 dras attention to these ‘anteriorities', not in
order to underrate the ork performed by the various researchers

or teams of researchers -- ho, in most cases, truly believea that
they had discovered a 'new method' -~ but to persuade them, rather
than to advocate unilaterislly any one ‘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 of machine 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. Usually the work has been directed towards solving a
classification problem in some particular field which strongly
influences the design of the scheme (sees Appondix A2 ). The follow-
ing, noted by de Grolier, is of more direct relevance:

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. )

2. S.M, Newman (U.S. Patent Office)
A 'ast 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 patural language, which
'unfortunately' does not have "uniform or logical rulss for the
denomination of devices or things". In effect this is an
attempt at creating a metalanguage -- but again results in a
cumbersome notation.

3. C.G. Smith (U.S. Patent Office)
Suggested a system which would isolate "ultimate concepts...
required in the definition of mure specific concepts....Thers
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 represent, and to develop the essential
combination for the definition of these words."(**) This
was conceived mainly for patentable contrivances on the US

{*)Eric de Grolier. A Study of General Categories applicable
to Classification and Coding in Documentation. Paris,
UNESCO, 1863.

(**)C.G. Smith. Descriptive documentation, International Conference
on Scientific Information, 1958; Proceedings. Washington,
National Academy of Sciences, 1359, p. 1103 .

.

&5

Patent Office Interrelated Logic Accumulating Scanner. It
does however permit chains of related concepts to be handled.

4, Cordonnier
Worked on methods "to symbolize the elementary points of view
of the classification of ideas and...to study the grouping of
these symbols in order to nbtain composite symbols representing
the structure of complex concepts”. He also suggests that
“intuition permits the representation in an intellectual space
of" a logical figure, to n dimensions, a synthesis of the relation=-
ships between a group of ideas into the different classes which
arrange them naturally according to the various possible indi-
vidual vieupoints".

5, M,L. Sievens ’
Worked on use of computers to handle interrelationships betgu
terms and to 'define', by supplying the generic and dascriptive
terms related to the term of which the definition is sought;
‘develop', by furnishing specific examples of a generic termg
‘localize', by indicating the place which can be associated
with the proposed concept; ‘'match', by comparing several pro-
posed 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 operations.(*)

6. Others
Otner initiatives and their relationship to this project are
reported in separate appendixes. Of particular interest is the
highly general approach adopted by the M,I,T. ADMINS system
(Apanle B2 ).

Conclusion

Most of these attempts appear, from the perspective of this project,
to fall foul of one of the following difficulties: cumbersome
notation, rigid and exclusive category or relationship structure,
focus on one specialized field of knowledge, difficult to implement
because the administrative and intellectual tasks are not dis-
tinguished.

B )

(*) 'Mary €. Stevens. A machine model of recall. Paris, UNESCO,
NS/ICIP/J.5,4, 1959. See alsoc: T, Kilburn, R.L. Grimsdals

and F.H, Summer. Experiments in machine learning and thinking.
Paris, UNESCD, NS/ICIP/5/6/15, 1959,

g s 2o



¢ : 1 : . Appendix D2

Conceptual dictionaries (*)

The outstanding importance of dictionaries in the modern world
explains why some lexicographers are dissatisfied with the me-
chanical method of arranging 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, as franz Dornseiff reminds us in his remarkable 'Vorrede!
(Preamble), Der Deutsche Wortschaotz nach Sachgruppen (The
German vocabulary by subject groups), Berlin, W. de Gruyter,
1934, one finds tentative systematic vocabularies at Babylon

in the third millennium before Christ. In modern Lurope,

the most important work on systematic lexicology was that of
Peter Mark Roget, in the nineteenth century, the Thesaurus of
English words and phrases, which he was in process of prepuring
as early as 1806, and of which the first edition oppeared in
1852; see also among numerous contemporary editions thot of
Penguin Books, London, 1953. Concerning Roget, see Henry
Sweet, "Words, lLogic, and Grammar", Trans. Philologiczl Soc.,
1875-76, p. 470~503, reproduced in his Collected P.pers, P,
1-33. Oxford, Clarendon Press, 1913.

The Seventh International Congress of Linguists put "concep-
tucl dictionaries" on its agenda (point AS): see . Mezger's
report, p.77-85, the contributions, p.8G-9, ond the discussion
p.443-73. DOne of the most remarkable idcdological dictionaries
was that of J. Casares, Diccionorio ideologico de la lengua
espanola (Ideological dictionary of the Spenish languuge),
Barceldna, 1942; see also his Introduccion a la lexigrafia
moderna, Madrid, 1950, Under the impulsion of Antoine Thomas,
a certain number of French dislectslogicol studies were made on
a systematic basis, e.g. L. Lhermet, Contribution & la lexico-
logie du dialecte aurillacios, Paris, 1931. 1t 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 vith 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 concepts was put for-
ward by R. Hallig and W. von Wartburg in 1952,

Walther von Wartburg constituted himself the protagonist of
the general application of such a method, see his report "Das
Ineinandergreifen von deskriptiver und historischer Sprach-
wissenschaft (1931); "Betrachtungen iiber die Gliederung des

T) This Appendix consists of extracts from S. Ullmann, Semuntics:

an introduction to the science of meaning.Oxford, Blockwell,
p.254-5; but especially from Eric de Grolier. A Study of Gen=-
eral Categories Applicable to Classification and Coding ip
Documentation. Paris, uUnesco, 1062, p.226-228 (Note 89).

2

Wortschatzes und die Gestaltung des Worterbuchs' (The inter-
action of descriptive and historical linguisties (1931); views
on the structure of the vocabulary and the formation of the
dictionary).Mcdlanges Bally, 1939; Prpoblimes et méthodes de la
linguistique , p.159-67, Paris, Presses Universitaires de
france, 1946; Rudolf Hallig and W. von Wartburg, "Begriffssystem
als Crudlage fUr die Lexikographie; Versuch eines Ordnungssche-
mas" (The system-of concepts as the foundation for lexicography;
a tentotive system of arrangement), Abhandlungen der dautschen
Akndemie der Wissenschaoft zuy Berlin, Klasse fUr Sprache,
Literulur und Kunst (Procecdings of the German Acudemy of Sciences
in Berlin, Class for language, lilterature, aznd art), 1952,

n® 4, Seo.on this subject W. Runkeuits, "Kritische Betrach-
tungen zum Beqriffssystem von Hallig v. Wartburg im Zusammen-
hang mit don Arbeiten am Altgaskognischen Worterbuch" (Critical
remarks on the system of concepts of H.v, Wartburg in connection
with the work on the 0ld Gascon dictionary), Monatsberichte der
Deutschen Akademie der Wissenschaften zu Berlin, 13546-56, p.
379-88. See also rececntly F. de Tollenaere, "Lexicographis
alphabétique ou idéologique,” Cahiers de lexicologis, n°2,

p. 19-20.

See especially K. Baldinger Die Gestaltund der wissenschaftli-
chen Wirterbuchs", Romontisches Jahrbuch, v (1952), pp.65-

94, K. Baldinger, “Grundsitzlicher zur Gestaltung d=s wissen-
schaftlichen Worterbuchs", Deutsche Akademie der Wissenschaften
zu Berlin, 19406-13856, Berlin, 1956, pp. 379-88; K. Baldinger,
“plphabetischer oder begrifflich gegliederter Wérterbuch?".
Also Julius Gould and W.L. Kolb. A Dictionary af the Social

‘Sciences (compiled under the auspices of Unesco). Neuw York,

fres Press of Glencoe, 1964. (discussed in Appendix D9).

The German research on "semantic fields", which later inspired
Georges Matoré, La méthode en lexicologie, domaine frangais,
{Meclhod in lexicology in the field of the French languuge),
Paris, Didier, 1953; he offers here (p.70-4) a diagram of a
"comprehensive claonsification of lexicon facts" differcnt from
that of Hollig and Wartburg, and, moreover, less satisfactory.
It will be noted that Matoré, in defining lexicology as a
sociological discipline using words as its linguistic material,
tries to make of it an "autonomous disecipline” the field of
vhich partly covers that of linguistics, but independently of

it: for reasons other than those of certain American structuralists

this position results in a dismemberment of linguistics in a

way which does not seem to be any longer justifiable (p.50-1)
Concerning structural semantics in general, and its (desirable)
relationships with other parts of structural linguistics, see

S. Ullmann in the second edition of his Principles of semun-
tics , p.307-21, op.cit., with pumorous roferences, and Uriel
Weinreich, "On Semantic Universals" (duplicated, 71 pp. March
1961, with an important bibliography), and also his programme

of studies,"Semontic structure of natural languages” {duplicated
memorandum, 5 May 1961). At the eighth International Congress

of Linguists (Oslo, 1957) there was a {(rather disappointing) dis-
cussion con the subject "To what extent can meaning te said to

be structured? (p. 636-704 of the Proceedings), of which the
most interesting item was the paper by Hjelmslev, which we




have already mentioned. See also Hans Pollak, "Gibt es Wort-
klassen vom Standpunkt das Hedecutting?" {(Are there word-clusses
from the point of view of meaning?), Beitriige zur Geschichte
der deutschen Sprache und Literatur (Tdbingen) 80, 1958, p.
33-47.

There is also Andrew Paul Ushenko, The field theory of meaning.
Ann Arbor, University of Michigon Press, 19b8; F.F. Nesbit,
Lanquage, meaning, and reality, New York, 1955; H.R. Walpole,
Semantics, Norton, 1941, On basic concepts, see Cric H., Lenne-
berg and John M. Roberts, The language of experience, supplcment
to the International journal of American linquistics, 22, (2)
Charles L. Osgood and his collaborators huve tried to apply a
method called the method of "semantic differential", to obtain
a "measurement” of meaning: see C.CL. Osgood, George J. Suci and
Percy H. Tannenbaum, The measurement of meaning, Urbana, Uni-
versity of Illinois Press, 1957; but Uriel Weinreich has right-
ly observed in "Travels through semantic space", Word,14
(2-3), 1958, p.346-66) that the "semantic differential"” measures
"meaning" only in a psychological sense, from the point of
view of the emctional reactions of the subjects studied to such
and such a word (cf. especially p. 358-60 of his article).

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

The recent work of the International Center for the Terminology
of the Social Sciences is discussed in Appendix D12,
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1 Appendix D3

Relationship to Citation Indexing Method.

The arguments and examples in this Appendix are based on minor
modifications to extracts from a paper by Cugene Garfield (*).
The reservations are due to the focus on documents as opposed

to the focus of this project on concepts. The traditional phil-
osoohy of classification system design implies that indiwvidusal
entitiecs (usually documents) can be treated as though they were
indzpendent of one another. This basic fallacy not only results
in the loss af important informatiocnal links, but it is basically
inefficient. Little or no effort is made to establish a possi-
ble relationship between the entity being classified and the
entitios alroady classified. There are exceptions to this

rule, but generally the building-block development of human
knowledge is not perceptibly reflected in traditional classifi-
cation systems. In conventional word indexing systems, the in-
dexors cannot afford the time to establish linkages between
concepts.

Each addition to the body of knowledge is treated as aone of a
serires of independent events, like molecules of a gas. HBut the
literature is not an "ideal gas"--the molecules interact. Sim-
ilarly, the body of knowledge, partly embodied in the literaturs,
is composed of highly interrelated elements, It is a heavily
cross-linked network., The clearly-visible linkages are those .
ordinarily provided by authers in the form of explicit citations,
Less clearly seen are implicit references as in eponyms and nea-
logisms. Almost invisible linkages exist in the natural lan-
guage expressions which obscure the relationships, expecially

to an unskilled observer., Conventional bibliocgraphy is essen-
tially a simpls listing or inventory of publications which dis~
regerds most of the interrelationships between the items in

the inventory. In contrast, citation indexing integrates this
necessary and uyseful listing in a huge graph or network. In
this graph, cach entity (in this case documents) is a node or
vertex in 8 huge multi-dimensicnal network. By analogy, this
model of the literature (which Carfield considers to be equiv=-
alent to man's knowledge) is like a large road map in which the
cities and towns share varying degrees of connectivity. ELven

the smallest hamlets are nodes on the citation map of science.

Garfield refers to previous work of his on this type of histor-
ical map.(**) Since each document is an "event" and bears a date,
a graphical history may be displayed, but with the important ad-
vantage of being able to show the interrelationships among events
(see Figure D1), This is a legitimate starting point for the

(*) Eugene Garfield. "Primordial concepts, citation indexing
*and historio-bibliography.” Journal of Library History,
n® 2(3), 235-249 (1967).

see alsos Eugene Garfield. "Science Citation Index; a new
dimension in indexing." Science, 144, 649-654, (1964)

(**) E. Garfield. Citation indexing: a natural science literature
retrieval system for the social sciences. American Behavioral
Scientist, 7 (10) 58-61 (1&64).



historian., It should be noted that this technigque has been in
full operation for a number of years, in the form of the

Science Citation Index produced commercially by the Institute for

Sciepce Information (U.S.A.).

Comment .

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 graophs
displayed directly onto a computer-controlled TV screen (see

- Appendix B3), 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.

Garfield is only concerned with the time or historical dimen-
sion as a means of sequencing entities, md 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 Appendix A3.
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1 . Appendix D4

.

Relationship to the U.D.C./Dewsy Classification Schemes (*)

Introduction

The Universal Decimal Classification (UDC), originally deri-
ved from the Dewey Decimal Classification (DC), has been, and
is still peing, extended for use in "classifying articles in
periodicals monographs and documents of all kinds,”under the
auspices of the Féderation Internationale de Documentation,
which autnorizes publication of various international editions
of the UDC in different languages.

The general pattern of the D.C. is as follows: The wnole field
of knowledge is divided into 9 main classes, numbered 100/900
(u.p.C. 1/9), general works constituting a tenth class, 000,
€ach main class is divided into 9 subclasses, e.g., class 300
(Social Sciences) into 310/390 (U.D.C. 31/39). General uorks
on the Sorial Sciences constitute a tenth subclass, divided
into 301/309 according to the form in which the general subject
is presented, e.g. 304 Cssays. ULach subclass is divided into
9 further subclasses, e.g. 320 (Political Science) inte 321/
329, general works constituting a tenth subclass, divided into
320.1/320.9. This divisinon into ten may be continued indef-
initely -~ hence "decimal classification.”

The use of the decimal notation has been one of the most suc-
cessful Ffeatures of the D.C., offering infinite hospitality
to new subjects whilst using the best known and simplest of
symbols ~- Arabic numerals. It was these two factors, and
the fact Lhot the D.C, was a classification of subjects, in-
dependent of lanquage or race, that chiefly determined the
adoption of the D.C. by the Institut International de Biblio-
graphie (I.I.B.,) in 1895. MHence, the order of subjects in
the D.C. and U.D.C, schedules is substantially the same,

But the D.C. introduced, in conjunction with its decimal nota-
tion, two other structural features which have been immensely
significant in the development of the U.D.C.:

1. JThe synthetic principle, whereby recurrent series of
concepts are arranged in consistent orders and alloca-
ted a consistent notation. For example, in class

400 (Philology) the order of subclasses within

each language is the same -- Orthography, Etymology,
etc., and the notation representing them is also the
same, e.g. 425 [nglish grammer, 435 German grammar,
etc.

(*) This Appendix takes the form of extracts from the introduc-
tory pages to the Universal Decimal Classification; abridged
English edition, London, British Standards Institution,
1961, (3rd edition).



2. The use of a distipctive symbol teo introduce
2 particular principle of division. for ex-
ample, the appearance of a zero in a D.C,
number usually means that the subject repre-
sented by the preceeding digits is now divi-
ded by the principle "form of presentation";
so 677.05 means the subject Textile Manufac-
ture 677 presented in the form of a period-
ical.

It should be clearly understood that "decimal classification”
refers essentially to the structure of the notation, since it
is theoretically absurd, as Dewey stated, to divide each class
into just nine subclasses. This means that the "expressive-
ness" of the notation in reflecting co-ordination ana subordi-
nation is often sacrificed. If more than 9 subclasscs have

to be accommodated, scme must "share" & number, e.g. 941
(Scotland) and 941.5 (Ireland); if less than 9 subclasses

are required, they are spread over the 9 numbers, thereby
shortening the length of the class number - e.g. 592/595
Invertebrates.

Two distinctive modifications of the D.C. pattern by U.D.C.
may be noted, firstly, as an international scheme, U.D.C.

.removes the occasional American emphasis found in the D.C,

nitation -e.g. at 329 (Political Parties}. Division of any
subject by place finds all countries equally provided for,
Secondly, whilst U.D.C., like D.C., is a general classifica-
tion, not a composite of special classifications, the U.D.C.
docs provide, via its Points-of-view numbers, a mechanism
whereby the structure of the general scheme may be adjusted
to the needs of a special classification.

The Universal Decimal Classification (U.D.C.) is a scheme for
classifying the whole field of knowledge. It can be applied
both to the literature which records knowledge, and to the
catalogues, indexes, etc., which refer to the literature. It
enables these to be arranged in such a way that all references
to information on a particular subject can be brought together
and the information located with the minimum of searching.

Availability.

The preparation of the 2nd international edition of the U.D.C.
involved some forty specialists, under the general editorship
of Dtlet and La Fontaine {co-founders of the Union of Interna-
tional Associations), who were concerned chiefly with the Human-
ities, and Mr. F. Donker Duyvis (later GCeneral Secretary of the
F.I.D.) who was responsible for most of the sections on Science
and Technology. Containing some 70,000 subdivisions, this 2nd
edition in French was published during the years 1927-33 under
the title of"Classification Décimale Universelle" and has since
served as the authoritative basis for all subsequent schedules,
full and abridged. ’ '
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OF the three full international editions based on the 2nd
editicn, the only one completed since the end of the Second
World Wor is the 3rd (German) edition, camprising 7 volumes
of tatles and a 3-volume alphabetical index. The 4th (Eng-
lish) edition is still in preparation, and the only sections
so Far published are 0O, 5 and parts of 62 and 67, and 669,
Rother more has appeared of the Sth edition (again in french):
namely 0,2,3, 61 and 62 and 65, but difficulties are being
encountered and progress is slow. Other editions in Japanese
and in Spanish have been begun, and one in Portuguese is con-
templated. '

Abridged editions have been been published in Czech, Dutch,
English, Tinnish, German, Japanese, Polish, Spanish, Swedieh,
and other languaqes, while Arabic and Portuguese editions

are in preparation, Only a very brief outline schedule exists
in French, but a standard abridged text is included in the
important new 3-language edition issued jointly by the Deutscher
Normenausschuss (D.N.A,), and the British Standards Institution
(B.S.I.), with the Association Belge de Documentation (A.B.D.)

and tha Union Frangaise des Organismes de Documentation (U.F.0.D,). .

Development

The development and maintenance of a system as comprehensive
and widely-used as the U.D.C. could hardly have been achieved
without some form of effective supervision and control., The
ultimate authority on general U,D.C. policy and development is
the Internationul Committee on Universal Classification, on
which all national member committees of the F.I.D, are enti-
tled tc be represented, but its membership is too diffuse to
maintain continuity between F.I.D. Conferences. Day-to-day
control and supervision are vested in the mare compact Central
Classification Committee (C.C.C.), which consists of the FeIuD,
General Secretariat at The Hague, where an up-to-date master
copy of the complete U.D.C. is maintained, based on praposals
submitted by U.D.C., revision committees or individuals in many
parts of the world,

Principles

Three basic principles are evident in the Universal Decimal
Classification:~

1. It is a classification in the strictest sense, depending

on the analysis of idea content, 'so that related concepts and
groups of concepts are brought together, and the arbitrary and
often haphazard systematization of alphabetical and other arran-
gements is avoided.

2, It is a universal classification in that an attempt is made
to include in it every field of knouledge, not as a patchwork
of isalated, self-sufficient specialist groupings, but as an




integrated pattern of correlated subjects. This universality
at the conceptual level is supported by notational devices,
which permit the linking of simple main numbers (for simple
ideas) either with other maip numbers or with auxiliaries

denoting Place, Time and similar commonly recurring categories =
in each case forming combined or compound numbers.

index entries are made under each single main number forming
part of a combined number, the complex subject can be located

from each point of view,

on the part of the classifier.

3.

It is a universal decimal classification, constructed on

the principle of proceeding from the general to the more par-
ticular by the (arbitrary) division of the whole of human
knowledgse into ten main branches, each further subdivided
decimally to the required degree. This principle can be

applied to any notation, but Arabic numerals are international~

ly familiar in a recognized order, whereas letters and other
symbols are not.

A.

Structure

Main structure

The whole field of human knowledge, regarded as unity, is

divided into ten main branches denoted by decimal fractions

as followss-
.0 Generalitiesimethodology, documentation,scripts;

recording, collection and dissemination of information

.1 Philosophy, metaphysics, logic, ethics. Psychology

.2 Religion. Theology

3 Social sciences: including statistics, law, sducation

o4 Philology. Languages

.5 Pure science, mathematical and natural

«6 Applied science: medicine and technology

7 The Arts, including architecture, photography, enter-
tainment and sport

.8 Literature

9 Geography. Biography. History.

On this foundation, the notation is built up by continuous

extension of the decimal fractions, on the principle of

proceeding from the general to the particular. Thus, every

concept within the domain of pure science is represented

" by a decimal fraction greater than .5 and less than .6,

the subdivision being carried to any required degree, as
shown by the following example:

5 Pure science, mathematical and natural

«51 Mathematics

.52 Astronomy, geodesy

«53 Physics, with mechanics

«531 Mechanics (of solid bodies)

.531 7 Measurement of geometrical and mechanical
magnitudes '

.531 71 Measurement of length, linear dimensions

If separate

regardless of any subjective approach

532

luid mechanics
etc.,etc,

B. Auxiliaries

Auxiliary numbers and signs are a means of eliminating
repetition by groupipg recurring subordinate concepts

such
(i)
(ii)

(iii)

(iv)
(v)

(vi)
(vii)
{viii)
(ix)

(x)

Comment .

- 1, Some

as larguoge, form, place, time and point of vieuw
addition sign +, used to link commonly associated
concepts, e.9. 622 + 669 for mining and metallurgy.
cxtension sign,/, used to denote a range of concepts
which collectively form a branch of knowledge, e.g.
624/628 for civil engineering.

relation sign, : , used to link related concepts of
equal value, s.g. 31:63 for statistics as applied

to agriculture.

language sign, = , used to give the language of the
document, e.g. 22.05=30 for the Bible in German

form sign, (O0...), used to give the nature of the
document (periodical, book, ete.), e.g. 58(021) for

a comprehensive botany handbaook or manual

place sign, (1) to (9), used to give the gecographical
range of the subject denoted, e.g. 385(43) For the
German railway system.

nationality or race sign(=...), used to indicate the
racial aspects of the subject dencted, e.qg. 291.33
(=947.5) for witchcraft among the Cskimos.

time sign,"...", used to allocate dates or other time
aspects to the subject denoted, e.g. 3471 "1898.12.11"
for international law as at 11th December 1898.
alphabetical subdivision used to cover particular
features, e.g. 820 (Shakespeare) for the works of
Shakespeare

point of view sign, 00...., used to indicate the broader
aspects of a subject from a particular viewpoint, e.g.
622.009 for the social and ethical aspects of mining
note on application sign, -..., used to indicate the
manner in.which the subject denoted is used, e.g. 331.64~
055.? for labour services for women

synthetic sign, '..., used to build up compound numbers
e.g9. 547.29'26 for carboxy-acid esters

examples of typical numbers generated by the UDC are

--159,9+331,826+37.048,2 )
--338,984.4: 522.33+669.1(4)
--621.039.004.14:327,3
-~572+930.6+41(98/99)

This sort of variable length/multiple sign number is definitely



not oriented toward standard data processing methods. (One

computer system is however in operation in the USSR which handles
these codes).

2. There is no attempt to take care of semantic differences
associated with multiple use of the same term, each to denote a
subtle difference of meaning which can only be classified by a
definition in the form of a series of phrases. (sece Appendix A2)
This can be handled, but only by increasing the depth of the
indexing to create rather unuwieldy cude numbers.,

3. Despite references to its applicability to the "whole fisld
of knouledge” the scheme is primarily intended and used for

the classification of documents. Most of the people and organi-
zations involved in its use are documentalists with a commitment
to document handling. Ffor example, the UDC coordinating body

is the Internaticnal Federation for Documentation, Little value
is seen in divorcing knowledge from the documents in which an
attempt is made to record it. This divorce is however nouw pos~
sible with new techniques of handling information,

4. The development of the system leads to unbalanced depth of
coding. The best example is the field of pure science which
is confined to 5. The tremendous development in this field

- since the scheme was conceived means that a code must be made

quite lengthy before it is significant, a5 opposed to the case
in a less developed field such as hilology, 4.

5. Revision and reconceptualization is very difficult and slow
as the following extracts indicate. The process of reconceptu=-
alization is not seen to be an essential feature of the advance
of knowledge, but rather as annoyingly inconvenient to contin-
uved development within traditional knowledge hierarchies.

In revision, conflicting tendencies are inevitable: the older
established users, having built up extensive U,D.C. catalogues
over the years, tend to resist changes, whilst the neower and pro-
spective ones, with little or no existing U.D.C.-classified
material, are often anxious for drastic rearrangement, sometimes
in the interests of logic alone. However, the majority of those
active in U.D.C. revision have accepted a policy of compromise:
they endeavour to make the classification better for established
users, and maore attractive to non-users; to reduce confusicns and
shortcomings, and to introduce new concepts without disturbing ths
existing tables too much.

The governing rule in all U.D.C. revision work is that the sig-
nificance of a particular number may be extended or restricted,
but may not be completely altered. If a U.D.C. number (with

any subdivisions) is obsolete, it may be "cancelled", which

means that its use is no longer authvrized because a better or
more up-to-date arrangement has been developed under another
rumber, often a "free" (unused) number. Eventually, the cancelled
number becomes "free" (by disuse) and may then be authorized with
a completely different significance, but only after a period of
10 years, which is considered the minimum necessary to enable

bl

current users to readjust their files and to avoid widespread
confusion of the older and newer meanings. This policy undoubt-
edly slows doun revision, but probably creates least dissatis-
faction, especially when applied with discretion and some degree
of flexibility.

6. The UNISIST Study Report on the feasibility of a World
Science Information System has the following to say about the
UDC and other systems:

"Librarians and information specialists would generally
zqgree that a world-wide scheme ©f subject categorization
is needed to facilitate document and information exchan-

¢es...0pinions giffer, however, when it comes to decid= .

ing which scheme best suits the purpose, Several ency-
clopedic classifications are in competition -- the Dewey
Cecimal Classification, the List of Subject Headings

used in the Library of Congress, the Colon Classification,
the Universal Decimal Classification, etc. -- and although
the last numed has benefitted from extensive international
support through I'ID, it is by no means the unique candi-
date for world-wide recognition as the standard subject
category list, 1Its advantages and shoricomings were exam=-
inced by the UNISIST Working Group on Research Needs in
Documentation, who came to a twofold conclusion: (a) organ-
izational and technical measures could be taken to obviate
the manasgerial drowbacks of UDC, e,g. siow revision proce-
gure, infrequent re-editions, etc.; (b) on the other hand,
no_clear snswer could be given to the more controversial
huestion‘of overoll or local inadequacy, as_regards the cone-
tent und structures of UDC divisions...further studies and
experiments are required to assess the potential value of
UDC in its present state, as the unique world list of sub~
ject headings for broad categorization, or "shallow" index-
ing of documents.”" (p.95)

7. As the UNISIST extract above acknowledges, UDC is one amongst
many classification schemes which are in competition, The ten-
dency for aifferent classifying groups to favour different cat-
egory 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 knewledgs advance
of alternative views, and a continuing effort at recenceptual-
ization, restructuring and redefinition of knowledge.

g e



: 1 . Appendix DS

Relationship to the UN/OCCD Aligned List of Description (v)

Introduction.

An important international effort to coordinate subject index~
ing approaches has been made by libraries of internatiocnal
agencies concerned with "economic and social development™in
its governmental sense. Those initially involved were:

-~International Labour Office (ILO)

—--International Committee for Social Sciences Documenta-
tion

--Deutsche Stiftung flir Entwicklungslénder

--Food and Agriculture Organization of the UN

--0Organization for Lconomic Cooperation and Development
(oELD)

The following have already (in 1969) expressed their intention
to cooperate in the undertaking:

--GATT for internationasl economic relations

--ECMT  for transport economics

--UNIDO for industrial develecprent

--UNESCO (Social Sciences Department) for sociclogy
--ICS5SD for economics

Other organizations such os

--World Healih Organization (WHD)
-~International Atomic Cnergy Agency (IAER)

have declared their readiness to determine, in the light of
their particular activities, tne most suitable description for
inclusion in a lexicon of economic and sociol development., In
addition this work is followed with close interest by the
United Nations Inter-Agency Working Party on Indexing and Doc~

“umentation in which many of the above bodies participate. (The

UN agencies are under pressure from ECOSOC to establish "a
central index of the major documents of the United Nations'
system as a measure that should enhance the usefulness of exist-
ing documentation", although some agency representatives are
quite sceptical about  the feasibility and even ths desirability
of this effort.)

The project for an international lexicon of economic and social
development originated in a suggestion made by the Secretariat
of the United Nations to the OECD Development Centre in 1964.
Word lists were drawn up which resulted in 1966 in the publi~
cation of a draft Aligned Description List which was a sort of
compromise between a number of agency descriptor lists and
indexes prepared by reducing their essential contents to simple

(Y The material in this Appendix is based primarily on ex=-
tracts from the introduction to the Aligned List of De-
scriptions, Paris, OCLCD, 1969.
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clements, or "uniterms", which lent themselves to multiple
combinations. This was tested by 14 national and interna-
tional organizations.

Work on a new Aligned List continued to completion in 1968,
The aim was not to establish a list of keywords taking ac-
count of othor descripter lists at the level of an arbitra-

ry chosen common denowminator, but rather to combine all the
vocabularies in use into a single whole, leaving each respon-
sible organizotion to maoke the adjustments deemed necessary

by common agreement., In 1968 it was agreed that all UN agen-
cies should be urged to cooperate in this effort in Engligh
and french and German, and that extension to Russian and Span-
ish should be envisaged.

L]
Descriptors.

The descriptors used are single words or compound expres-
sions. The single words are meaningful terms with a re-
trieval value, the expressions are formed, in order to a-
chieve a certain specific character from the outset (e.q.,
community develeopment, rural development, etc.) or to avoid
the ambiguities inherent in the exclusive use of uniterms.
As a general rule the descriptors are substantives and giv-
en in the singular.,

Certain descriptors having more than one meaning are accom-
panied by an appropriate "scope note" delimiting their use.

Structure.

Since one of the underlying reasons for the Aligned List was
to ensure consistency of the differend descriptor lists, it
was necessary to group all the descriptors into semantic
fields. It would obviously have been impossible to bring
any inconsistencies to light from a purely alphabetical list
of several thousand terms.

There is nothing systematic about the proposed structure, which
is not based upon any preconceived ideas or theories and dif-
fers from all the models offered by hierarchical classificationss
it simply emerged gradually, once it was started tec arrange

the descriptors by affinities. It seemed convenient for the

aim in view and nothing more. It is fully recognized that there

. may be a score of other possible arrangements, all equally

practical; the essential thing was to decide on one.

It is at present arranged in ten major blocks numbered from 1
to X." Within each of these blocks a certain number of rela-
tively extensive semantic fields have become evident. [Lach

of these fields can be identified by one or more descriptors.
These are simple "recognition signals"; they do not really
cover the field, since they are members of it; they are not
imposed on it, as a generic term is imposed on a mores specific




terms, they merely serve to call it to the attention of the
analysts and ensure its inclusicn in the block in strictly
alphabetical order. In most cases, these extended semantic
fields are broken doun into mere restricted units numbered 1,
2,3,4, etc. The series is generally headed by a unit 0 rela=-
ting more directly to the descriptor {or group of descriptors)
which best identifies the semantic field. For greater conven=-
ience, and without necessarily giving them a particular label,
a certain number of descriptors which belong to these fields
and seem significant to their content have been grouped be-
tween brackets at the head of the different restricted units.

This way of structuring the vocabulary may seem complicated,
but is really simplicity itself, and has the advantage of
always being easy to revise, since the restricted units can

be shifted from one field to another, or rearranged in new
fields according to the requirements or logic of more special=-
ized documentary undertakings. Above all, we have sought to
avoid the inflexibility of hierarchical classifications which
freeze knowledge at a given moment of time and give their
terms no meaning except in the light of the available whole,

In the process of preparing these semantic groupings, it has
proved possible to pinpoint and eliminate a certain number of
inconsistencies between the descriptor lists, In addition,

this grouping has two other advantages: it should guide anolysts
in the search for pertinent descriptors; in the absence of scape
notes for all terms used, it also makes it possible to avoid
troublesome ambiguities, by prescribing the correct usage of
certain polysemantic descriptiors by the mere foct of situa-
ting them in proximity to other non-ambiguous descriptors.

Unquestionably, this grouping is imperfect; certain of its
sections could be further developed. In any event, it should
be regarded as a simple working instrument, and not as a man-
datory structure.”

Use and Development.

"In its present form, the Aligned List does not constitute a
genuine thesaurus, but it is substantially more than a simple
list of keywords for documentary use. We have refrained from
carrying it any further for two main reasons; it was important,
in the context of effective international cooperation, to show

‘the exact state of the work undertaken by each of the partici=-

pating institutions, and it was just as important to think of
the future, by leaving access to the List open to other organ-
izations who might wish to develop those sections appropriate
to their spscial interests.” -

6%

1.

Comment.

The Aligned List is a success for those bodies who most
closely collaborated in its elaboration. The organiza-
tions have a similar perspective and a common frame of
reference, namely "development”.

It is claimed that the List is open to other organiza-
tions, but this is clearly only to the extent that such’
bodies subscribe to the structuring or the semantic fields
alreody established -- or else are so specislized that
their descriptions constitute an isolated sub-set which
interacts with none of the existing fields.

The degree of agreement already achieved is difficult
to establish. There are rumours of "problems of revi-
sion" and that the system is now "coming apart at the
ssams" and these are difficult to dispel because the
official reports all seem to have a public relations
component,

One major difficulty is that to the extent that a parti-
cipating organization is less committed to the doctrine
of "development” as a mission-orientation, the more
questionable the "agreed" semantic fields become| The
scheme is the result of governmental decisions defin-
ing the semantics of economic and social development.
"Development” has been a significant term since the

late 1950's, There is no guarantee that it will not

be replaced by intergovernmental decisions on "eaviron-
ment" or some other mission-oriented term which will
shift all the semantic fislds., Furthermore, if at any
time several such programmes have equal status, multiple
over-lapping fields would be required and cannct be sup-
plied.,

The list of descriptions is therefore an excellent model
for the purpose for which it was conceived, but cannct be
considered of permunent value as a means of handling evol=-
ving, alternative patterns of knowledge.

The List is term-oricented, by definition. The semantic
field is of secondary impoartance. Computer programs have
been developed to handle the terms in different languages.
These programs are organized to handle the alphabetic terms
and obtain other language equivalents. Because it is lan-
guage oriented, rather than code number-oriented, inter-
language problems arise before a term has been agreed in
the other languages. There is a "favoured language” prob-
lem for different parts of the list at different times, as
the introduction to it explains.

“"In the first place Lnglish dominates the major part
of the List which is arranged in semantic fields;
secondly, French, and, to a lesser extent, German,
are generally used as simple languages of transla-



tion. Even where the descriptors proper to the dif-
ferent organizations have been translated (From
English, or from German to French or English) by
these organizations themselves, or under their con-
trol, the list which they constitute differs quite
appreciably, by the mere fact of being o translated
list, from a list which might have been prepared

in the same language. Theére is thercfore nothing
surprising eabout the somewhat subordinate chairacter
of the list in french, or the inadequacies of the
English list in the parts translated from German,
ar conversely, a certain lack of substance in the
German list translating the English, This is a
purely transitional situation. The prolonged

use of the Aligned List along its three parallel
lines will gradually allow these deficiencies to

be made up; either by the replacement of ambiguous
terms by more apt descriptors, or above all, by

the introduction in French and Encligh of synonyms
which form a more reliable guide to lead the analysts
towards the most useful word or expression.”

From the perspective of this proposal, the following oper-
ations have been blurred together to contribute to this
"transitional™ situation:

-- entities are labelled by terms

-~ terms have to be classified into semantic fields
to be incorporated

-~ terms have to be translated and agreed as terms
to avoid language dependence

When terms are dropped, the reverse procedure affecting
the structure of the list must be followed.

tach of these steps involves operational and intellectual
difficulties which tend to slow doun and resist modifi-
cation. Much more flexibility would have been cbtained
by a number orientation.

The List” makes great efforts to be flexible by basing
term-oriented. To do this it has had to avoid hierar-
chical classification of any depth. This choice is not
in the interests of those users who need a "deep" clas-
sification structure.

&
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1 ) Appendix D6

Relationship_to_the UNISIST Proposals for a World Seience
System.

The United Nations Cducational, Scientific, and Cultural Or-

ganization (UNCSCO) and the Internatiocnal Council of Scientific -

Unions (ICSU) crcated a joint committee in 1967 to study and
report on the feasibility of a world science information sys-

tem, The report was published in 1971 (*) and its recommenda-
tions were the subject of a major intergovernmental conference

at Unescn in October 1971. *

It is useful to look at this report, because there are suggésf

tigns in it that its scope should be extended to cover the
"hehavioural disciplines" despite a primary emphasis on the
“"busic sciences " (p.136).

.

"The problem the Committce was called on to review is a2 complex

one. 1n its popularly recognized form, it has been unfortu~
nately termed the "information explosion™. 1t is freguently
allrged that scientific and technical articles and reports
are increasing at a rate which makes it extremely difficult
for scientists to keep up with the work of their colleagues.
Faulty distribution practices and understocked and understaf-
fed libraries muke access to these reports difficult; once

access is obtleined linguistic barriers interpose comprehension

difficulties.

There are the more familiar characteristics of the problem,
Less obvious, but more radical, are the changing needs of the
world scientific community for information. The interdisci-
plinary approach to problems of the environment, for example,
requires information drown from a variety of sciences: chem-
istry, biology, sociology, to name only a few. The emerging
needs of applied science, technology, and engineering add
further complexities. The classic information services, the -~
scientific journals, abstracting and indexing services, libe
raries, have all demonstrated a cultural lag in accommodating
to these new regquirements. The achievement of new and flex~
ible Forms of informotion services to meet these new needs is
the fundomental problem..."

~ The report notes that:

"eeu50 many institutions are already engaged in sponsoring or
conducting projects subservient to UNISIST's objectives...
that it would be both unreasonable and impracticable to con-
ceptualize at this stages e transfer or subordination of their
duties to a new international organization, henceforward ac-
knowledged as the unique authority in this area. For one
thing, few if any of the existing agencies or services would
be ready to accept the authority..."(p.127)

(*) UNESCO and ICSU. UNISIST; study report on the feasibility

of a world science information system., Paris,UNCSCO,1971.



It therefore recommends the establishment of an ongoing pro-
ject to move towards a world science information system con-
ceived as follows:

YA fWorld Science Information System' in this case, is any
complex set of rules and media that may be devised with the
purpose of actualizing this concept of world-wide information
sharing in the transfer of scientific and technical informa-
tion from scattered producers to dispersed users in all re-
gions of the earth, This preliminary definition haos several
implications. {a) A major one is that there is no room in this
"system" for a centralization of document processing in a single
world institute, as proposed by scme...the world system is to
be thought of as a "system of systems", or better a network

of systems, whose camponents are the operating information
systems of the world whatever their scope...(b) However, thers
is a sense in which the proposed scheme may qualify as a
system in its oun right. The common "rules and media" that
provide the basis for the interconnection of the components
are often designated as systems, or even networks...What is
meant then is that some systematization of current practices
is needed..."{p.80-1)

Goal of UNISIST )

The report is deceptive on a rather fundamental point. The
UNISIST project, it is stated, stands for:

"The unimpeded exchange of published or publish~
able scientific information and data among scien-
tists in all countries” (p1)

"The world-wide availability of scientific docu-
ments or data should be ackncwledged as one of the
ultimate goals of UNISIST..." (p.115)

It would appear from this that the UNISIST criteria is the
maximization of diffusion of documents and information. The
relationship to the diffusion and availability of knowledqe
is not explored. In fact, the transfer and availability of

knowledge is identified with the transfer and availability
of information.

"Knowledge (scientific and technical): the subject
and findings of research (facts, theories, hypotha-
ses, etc.) as embodied in scientific "information"
and "data" (Glossary, p.148)

"Information (scientific and technical): the symbolic
elements used for communicating scientific and tech-
nical "knowledge", irrespective of their nature (nu-
merical, textual, iconic, etc.), material carriers,
form of presentation, etc,

The word "information” iA this report, is not differen-
tiated from "documentation"; it refers both to ths
substance, or content of scientific documents, and to
their physical existence." (Glossary, p.148)

The wlurring goes so far that one suspects distinctions were
not zlearly established in the minds of the Committee or sig=-
nififant to it. As an illustration, the Committee had a
"Working Group on the Lvaluation, Compression, and Organiza-
tion of Scientific Information” (list of groups, p. 152), which
is referred to as the Working Group on "Evaluation, Compression
and Organization of Scientific Knowledge" (p.103) and whose
work is referred to as the "evaluation and compression of

quality of scicntific documents through evaluation, compres-
sion, etc." (p.20). These remarks would be trivial were it
not that knowledge, information, and documents each demand a
different apprcoch to maximize transfer and availability.

Briefly, documents poce a physical handling, transfer and

filing problem (which may be eased by reproduction at a distance).
Informution, consists of signs which can be read, transferred,
manipulated and filed electronically. They function as sym-

bols of units of humun knowledge, but only during the short- .
duration process of being read for meaning. Knowledge trons=-

fer 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 converse-

ly tc convert a distinct meaning or concept into a suitable

sign which can be interpreted with equal ease by another reader.
Informoticn, in the form of signs, can be read without resulting
in the transfer of knowledge and particularly of the knowledge
intended {ec.g. undecipherable hieroglyphic writing can be "read"
wvithout knowledge transfer),

Availability of knowledge

Information cen be mode available on the location and content
of documents containing informaticn (e.g.as abstracts). Tne
documents may even be made physically accessible (e.g. to the
point of being in a pile on one's desk)., These accomplish-
ments do not constitute "availability of knowledge,”

The Study does not recognize that the period covered by the
proposed system is one in which increasingly, it is almost im-
possiole for the decision-maker or researcher to determine what
information from which discipline is "relevant" (*). If he at-
tempts to order all the relevant documents (or even subscribes
to the appropriate abstracting service), the purchase or trans-
port costs will be prohibitive (except to a small elite); if he
waits for all the relevant informetion, it will be too late for
him to moke a useful decision; if he gets all the relevant in-
formation in the form it currently takes, he will have neither

{*y "...how is a practitioner of any one discipline to kncw in a
particular case if another discipline is better equipped to
handle the problem than is he? Is would be rare indeed if a
representative of any one of these disciplines did not feel
that his approach to a particular organizational problem would
be very fruitful, if not the most fruitful..."” (R.L. Ackoff,
Systems, organizations, and interdisciplinary research.)

2
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the time, the training; nor the inclination to read it olly Knowledge via documentation
if he reads and comprehends it all, he will not have the ) . . i i
zggelor th: ability to gonvey his understanding to those whose It is questionable, in view of present tFends, mhetheF know-
ort he must obtain to carry a vote on the matter or, ulti- ledgu tronsfer can continue to be effect%vely ac?omplfshed
2::21; to th; man in the street primorily via document transfer. The United Nations is po-
’ .

tentially the most significant institution in existence and
"Among the responses to such pressure is greater is at a vital nexus of multidisciplinary, international know-
specialization. Yet...this expedient is not always ledge transfer -- which it currently accomplishes via docu-
satisfactory, for the degree to which one specialty ments (*). And yet it has a documentation problem (which in
impinges on another also is increasing, and with it a sensc is eguivalent to that of many, if not most, other
the amount of information with relevance to any cne lorge organizations),

field of endeavour.” (SATCOM, .178-9)

"This issue has been repeatedly recognized by the General

Any attempt to divide up the task merely poses once more all Assembly, the Cconomic and Social Council, the Joint In-

the problems of adequate coordination and integration of pro- spection Unit and nearly a dozen of other UN bodies as
grammes and the need for a clear overall perspective. A . onc which directly affects the functioning of the UN.
multidisciplinary synthesis cannot be effectively conveyad in Suffice it here to note that in 1970, the UN, beth in Naw
a report. The shorter the report, the less depth ond detail York and Geneva, produced nearly a million page documen-
it can contain, and the less credible it becomes, particularly ' tation in all langueges. The massive volume of documen-
if the validity of the argument depends on many successive tation produced by the UN prompted a former President of
steps. The longer the report, the less likely it is that it the General Assembly, Mr. Lester B. Pearson of Canada, to
will be read and understood. ) remark that "the United Nations is drowning in its own

i i i i in i ion." The Joint
" : ; : . whi technological abil- words and suffocating in its own documentation T
-SPZleir :giiagélz:gadizsgiingz; pitentiufly useflul . Inspuction Unit stated recently in its report submitted to
; t havegincreased manyfeid in the past few years), the present General Assembly session that "the inspectors
mzn?q physical‘cqpacipx to register and to process do not hesitote to say that the point of saturation has
) R 3 e - s "
potentially informalive data has probably increased now been reached and indeed overstepped." (**)
i if indeed at all. The sheer volume of ) o
g:i; i;z:lz;osse; the typical executive's desk today The last quote in fact continues with the significant phrase
should serve to spotlignt the inadequacies of the "and that ‘the law of diminishing returns is taking over...
education and development of our acquisition strate- Beyond strictly financial considerations, therefore....the
ies and practices But no gain in ability could . future usefulness of the Organization may well hinge on its
grrset the wideniné gap between the exponentially= ability and determination to set once and for all, and strictly
increasing quantity of data.available for consumption enforce a reasonable but drastically reduced ceiling to the
and man's very limited capacity for acquiring and pro- volume of documentation its various bodies call for and its
cessing useful infermation.” (*) . services produce." (*x¥)
Even if the signs are in the reader's native language and in Stemming the generat;on of new kngwledge i? developed countries, is
the jargon of his discipline, knouledge transfer has not neces- ?S”eggsgt:gﬁsa?,i??il?li ai 1°W9§1”9 ;he birth rate in develop-
sarily been significantly facilitated. For when and if he has ang dissomin b1 .h k° ceverely ceduce one means of storing
the time to digest the symbolic value of the signs contained in sseminating such knowledge, without seeking a more spprop-

riate complementary medium, could only be counter-productive

the document, they may not constitute an unambiguous, coherent and unsatisfactory.

communication. The signs may have a symbolic or conceptual
value for the reader which differs from that of the author (*).

(*) Lee Thayer. Communication and communication systems; in organ-
ization, management, and interpersonal relations. Homewoad,

The limitation of the documentation system approach can also be
usefully studied if the problems of physical accessibility and

Irvin, 1968,P.202. (*) UNITAR/TUR 372, 1971, p.2. "Only recently the Secretary-

{**) Colin Cherry.(World Communication:Threat oc Promise? N.Y., Wiley, gg:ir7; oFtth: Unlt?d Nations affirmed that the Drgnnizatiop's
1971) notes with respect to a BBC study that: "within a countryts meds ; gor ant working §°°15 were documents. Thus the main
own borders it is only recertly, after 45 years of broadcasting, ) UNITZR o;th?V:YIngtlnforgation consists of documents.”
that the importance of word whoice is really becaming apprecia- Teainin 5 nterest o 't e U“ite? Natlﬂﬂs.lnstltqte for
ted....It is now being realized that many words commcnly used . raining and Research in-the question of United Natbns doc-

by broadcasters to people of their own countries are unknown

umentation. Geneva, UNITAR/Eur 3/1, 1971,p.1.
in meaning to many listeners....If this is so with internal,

(***) UN Document A/8319, 2 lJune, 1971 (or JIU/REP/T1/4)

- *
national broadcasting, what abdut overssas broadcasting in (xx2+) un gocuwent A/7576, 25 JUlY 1963, para.2, shows that document
foreign languages? What misunderstandings have been innocently production by New York HQ increased by 50%, from 1964 to 1967,
created? (p.16 to 600 million page-units, This does not include production of

of the regional or Geneva offices or specialized agsncies,

ts
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indexing are considered eliminated. Whut problems would porsist (This inference may however be very dangero:i 12 ;ﬁe igsenof
if one had a computer terminal beside one's desk giving zecro- non-Indo-Curopean language users, for whom the “objective )
cost access to all the world's literature as publishes (*), with nature of the world may appear less significant, (SBQ Appendix
an immediate view and copy of any page desired, and translated £2) But any extension af the WOf%d sclence infarmation sys-
from any language? This is an ideal documentation system -~- tem,as 1t'i§ COH@Olyeq,tu thg spcial sczen?es'wou%d only be
but no synthesis or overview of knowledge in a field emerges. of superficial ?lgﬁlflcaﬂce lf the abov? dlst%nctlons were not
“"Reviews of the literature" by persans with the special slant made clear., This is because in the social sciences, mast of
of particular schools of thought are’ the only substitute. It the debate concerns the relation betuween Qerceptual invariants
is questionable whether one's mobility in "semantic space", detected (by the consensus of a group), signs (selected by the
ocutside one's own narrow territory (in which one knows what group) and %he associated concgptual meaning -- as has been
ane wants to know and who knows it) would be significantly recently pointed out by Jean Piaget (*):

improved. "All the social and human sciences are more or less

One is not exposed to alternative hierarchies of conceptual nex-
uses linked directly or indirectly to more distant nexuses

from which relevant knowledge may be obtained. (There are no
"heights" in documentation systems -- the general is filed with
the particular cf. the treatment of documents with an interdis=-
ciplinaery emphasis.) The potentizl 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 criteria of document informa-
ticm systems where the emphasis is -- for cost reasons -- on
facilitating access to those documents which are most probab=-
ly relevant in terms of demand frequency.

Natural science vs. social science.

Treatment of documentation as synonymous with information and
both as symbols of knouwleage (or the presence of knowledge)
creates the illusion that the world science information system
will in some way make knowledge more accessible.

‘This may in fact be true in the case of the scientific and tech-
nical information covered by the UNISIST project. Fbr there,
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 conceptual-
ization of it are intimately and unambiguously related. Ancther
sign in another language may be used but the rules of transfor-
mation are clear (the natural language verbiage is another mat-
ter, but is less significant). It is a case of "one sign, ona
concept, one object". It is therefore possible to infer that
knowledge transfer tends to accompany information transfer.

(*) One could think in terms of a personal library of 30
million books. A recent UNITAR document (UNITAR/Cur/ 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) appear every minute throughout
sach day. ’

closely concerned, in their diachronic aspects, with

the development of knowledge (as a subject)... The fore-
g2ing considerations show that the human sciences, in

su far as they necessarily include in their field of
study tho subject of knowledge -- the source of the
logical and mathematicel structures on which they depent-e
do not merely maintain a set of interdisciplinary rela-
tions between one onother ... but are part of an exten-
sive circuit or network that really covers all the scien-
ces... It was essential to recell this so as. to be able
to shape our conclusions in such a way that they might
succeed in revealing the true significance of interdis-
ciplinary relations.

"for their significance far exceeds that of a mere tool
For facilitating work, which is all they would amaunt

tc if used solely in a common exploration of the boun-
dories of knowledge. This way of viewing collaboration
between specialists in different branches of knowledge
would be the only possible one if we admitted a3 thesis
to which far too many research workers still unwittingly
cling --that the frontiers of each branch of knouwledge
are fixed once and for all, and that they will inevitab=
ly remain so in the future. But the main object of a
work such as this ..., is to push back the frontiers
horizentally and to challenge them transversally. The
trae object of interdisciplipary research, therefore, is
to reshupe or reorganize the fields of knowledge, by

means of exchanges which are in fact constructive recome
binations." (p.521-524, empnhasis added)

The natural sciences oare 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

(#*) Jean Piaget. General problems of interdisciplinary re-
search and common mechanismes. In: Unesco. Main trands
of research in the social and human sciences. Paris,
Unesco, vol.1, 1970, pp. 467-528.



sciences, unable to latch onto an unambiguous content, are
primarily interested in the categories themselves and their
interrelationships, and the dynamic lies in reformulating,
reshaping, and regrouping the system of categories in an
effort to get closer to the content (*). 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 sys-
tem.

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 know-
ledge and reconceptualization have to be carefully related
to the original sat of meanings. However, maoking the doc-
uments and signs of that group available to other "outside”
groups would only introduce "noise” and confusion. A
knouledge-oriented information system would be needed to
avoid such confusion and facilitate fruitful interaction
between different schools of thought within the social
sciences.

Perhaps the clearest example of the need for a concept- or
knowledge-oriented approach in the case of the social sciences
is given by the confusion of meanings associated 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, (*) The report was withdrawn for circulation for poli-
tical reasons -- it is political dynpamite., 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 resclutions containing the word are of
questiaonable significance. 1In fact, the multiplicity of in-
terpretations implicit in term-oriented discussions and report
producticn may be considered a direct stimulus to the produc-
tion of further reports giving clarifying or alternative inter-
pretations -- thus further clogging document systems.

(*) Both natural and social science have conceptual parsimony
as a criterion, whereas the "sciences humaines” are inter-
ested in multiplying the number of possible concepts and
increasing their variety.

(**) mentioned by F.A. Casadio, Director, Societa Italianra peé
1'0Organizzione Internationale.

.
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1 ) Appendix D7

The Shepardts Citator coding technigue.

D.A. Strickland has suggested (*) that the Shepard's Cita-
tion coding system for American case and statutory lauw
might provide suggestions as to how to handle the concept
coding problems on computer.

The beauty of the Citator system is that it too is designed
to convey accurate information about ambiguous concepts and
obout ideas the mecaning and validity of, which are themselves
in dispute., The basic logic of it is this: The units of
anolysis (judicial decisions and statutes) are ordered ac-
cording to real time, Since these elements are already refer-
red to by number {e.g. 351 U.S. 147,1956, meaning a certain
volume of the U.S. Reports ot a certain page, for the given
year), the task of the citator is somehow to charocterize
the relation of the elements across time, MNote that at

this level the content of a unit need not be described or
characterized one way or the other; what is represented is
the relationship between two units.

The simplest way of connecting the units is to designate which
of them explicitly cites which others. Hence, a later case
would not be cited at all, under the entry for an anterior
one, unless the former were somehow dependent on the latter.
for example:

63 Mich. 709 (1961)

j 64 Mch 328
d 86 Mch 96
f 94 Mch 18
118 Mch 667
(etc.)

The citation without a lower-case prefix is merely one which
relies on the case-in-chief in gther than one of the ways
designated by the standard prefixes. The prefixes stand for
Judgements about thé nature of the connections,e.g. that the
later caso dissents fraom (d) the earlier one, or reverses
(r) it. (The need for precision in this area stems of course
from the American adherence to stare decisis.)

This approach is possible with the coding system in zone b.1
(Appendix AG).

Strickland then suggests two possible refinements:
(*) Internal note to COCTA members, 9 October 1971.  The

text of this Appendix is entirely based on the contents
cf the note.



(1)

. (i1)

use of codes to indicate topological relationships

- B is included in A

- B includes A

- B ogverlaps A

~ B is obverse of A

- B contradicts A (i.e. "has nothing to do zith A")
- B is included in A and inclucdes C

- etc.

These features are covered by the coding system in Appendix

indication of the degree of consensus on the characterization
of a concept "inasmuch as reasonable men will differ not only
about the exact meaning(s) of a political concept, but also
therefore about the simplest relations bstween such concepts.
Such coding is possible in zone b.2 (see Appendix A6 ).

“

1 Appendix D8

Use of the Internutional Standard Book Numbering Technigue

There is a strong temptation to adopt a technique similar ta
that of the International Standard Book Numbering (ISBN)
system now used (on the reverse of all recent book title

pages) to give a unique code to each book.

This number cone-

sists of 10 digits made up of the fecllowing parts:

~- group identifiers (i.e., national, geographical,
language or other convenient group). An "agency"
coordinates the allocation of numbers within each
group e.g., one for Anglo-American publications
("0"), one for UN system publications, etc.

The group identifier is allccated by an interna-
tional stendard book numbering agency (in formation *).

(This could be considered as a concept filing
centre identifier allocated by some loose cogordin-
ating body.)

~« book publisher identifiers. The publisher identi=-
fier is allocated internally within the group by
the group agency. ({This could be considered as an
accredited concept filing source identifier alloca-
ted with respect to the filing centre for which it
locates new conceptual entities)

-~ book title identifiers. A block of sequence numbers
is reserved for each publisher to permit him to
select the next available for the next book, (This
could be considered as a block of sequence numbers
for concepts, so that each accredited source can
select the next number as each new concept is iden-
tified.)

-~ check digit. This ensures that the code has been
correctly transcribed and input to the computer. A
computer pre-generated list of "available" sequence
numbers incorporates this digit (which is calculated
on a modular 11 with weights 10-2, using X in lieu
of 10 where 10 would occur as a check digit).

The total length is 10 digits, but the three identifiers only

total 9 digits.

In order to avoid wastage of numbers or lack

of sufficient numbers, publishers with a large book output f{of
which there are few) have a two or three digit identifier so
that the title identifiers can use six or five digits, A

)

See proceedings of International Organization for Standordi-
zation. Technical Committee 46, Warking Group 1 on ISBN/
155N (IS0/TC 46/ WG1). Lisbon, April-May, 1971. For ac=
cessible description, see: Suzanne Honoré. La numerota-
tion normalisée internationale du livre., Bulletin des
Bioliothéques de France, 14, 28, August 1968, p. 321~

333, bibl.
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small publisher (of which there are many) has a five or six
digit identifier so that the title identifier can use two or
three digits. The publisher identifier is therefore selected
on the basis of his output using from two to six digits as
required., Hyphen separators are used.

The temptation to use this system should however be resisted.
While the significance attached to the digits is only "admin=-
istrative” and has no “"theoretical” implications, problems of

overflowing the allocated blocks are bound to occur. The sys-

tem will "bulge" in unpredictable areas as the U.D.L. has
done, It is also questionable whether so much significance
should be placed on the source which, once the concept has
been incorporated, will quickly become irrelevant within the
network of other related concepts from other sources.

1 , Appendix D9

Sources for social science concepts

Guidahce in limiting scope can be obtained by concentrating,
in the light of the priorities in Appendix A7, on concepts
mentioned in such publications. as:

1. David L. 5ills (Ed.). Internaticnal Encyclopedia of the
Sociol Sciences. Macmillan, 1968.

Approx. 2500 main entries; 50,000 cross-reference entries,
covering the concepts, theories, and methods of the fol-
lowing disciplines:

Anthropoloqy -- includes cultural, economic, physical ,
political, social, and applied anthropology, &s well
as archeology, ethnography, ethnology, and lirguistics.

Economics -~ includes econametrics, economic history, ths
history of economic thought, economic development, agri=-
cultural economics, industrial organization, international
economics, labor economics, money and banking, public
finance, and certain aspects of business management.

Geoqraphy =-- includes cultural, economic, political, and
social geogrophy, but not physical geography.

Hislorx -~ includes the traditional subject-matter fields
of history and the scope and methods of historiography.

Law -~ includes jurisprudence, the major legel systems,
legal theory, and the relationship of law to the other |
social sciences.

Political scicnce -- includes public administration, public
law, international relations, comparative politics, po-
litical theory, and the study of policy making and poli-
ticol behaviour.

Psychiatry -- includes theories and descriptions of the
principol mental disorders and methods of diagnosis and
treatment.

Psychology -~ includes clinical, counseling, educational,
experimental, persopnality, physiological, social, and
applied psychology.

Sociology -~ includes economic, organizational, political,
rural, and urban sociology; the sociologies of knowledge,
low, religion, and medicine; human ecology; the history
of social thought, sociometry and other small-group
research; survey research; and such special fields as
criminology and demography,

Statistics -~ includes theoretical statistics, the design
of experiments, non-sampling errors, sample surveys,
government statisties, and the uss of statistical methods
in social science research.

2. Julius Gould and W.L. Kolb (Ed.) A Dictionary of the Social
Sciences. (Compiled under the auspices of UNESCO). New

York, Free Press of Glencoe, 1964,




Sciences.

This volume is the result of international meetings and
national pilot projects (1952-1956) under the auspices of
UNESCO to define the key concepts most widely employed in
various social science disciplines. The experts recommended
that the everyday usage of the terms defined should be

given as well as the most widely accepted scientific usages,
which should be illustrated by short guotations from the
literature. The aim was to find .synthetic scientific def-
initions that would constitute a common denominator in the
different usages.

It was recognized that the selection of 1000 "general”
concepts and terms used in the social sciences would be

a difficult and, in part, arbitrary undertaking. Tentative
selections were made from a study of the literature in the
fields of political science, social anthropology, economics,
social psychology, and sociology -- the aim being to select
terms that were general and/or in some way basic to the dis-
cipline concerned. :

For the most part terms were omitted that were unduly tech=-
nical or appeared to be used only in the analysis of minor
or local phenomena. As attempt was made to exclude those
terms about whose meaning there was little dispute or uwhere
little could be added to a standard dictionary definition.

In deciding upon the number of terms to be drawn from each
discipline, the editorswere guided by the desire to achieve
a rough balance between the disciplines. Despite this,
concepts from political science and sociology were in the
majority. On the ather hand, it was noteac that many of the
concepts were "general" in a special sense, in that they
were used in two or more social science disciplines.

Each entry was divided into a number of sections:

A. giving the core meaning or meanings of the term as used
in one or more of the social sciences

B. giving a historical background of these meanings and/or
more detailed discussion

C/D/E etc. giving more historical background plus details
of the controversies and divergencies of meaning. The
aim was to clarify the extent and sources of divergence
and to describe the many convergences that could be
noted.

The entries were prepared by individual scholars, in scome
cases with "second opinions”.

UNESCO. Main Trends of Research in the Social and Human
Paris, Unesco, (Part one: social sciences, 1970
815 p; Part two: human sciences, 19727?).Also in French edition.

These volumes are potentially useful as a guide to selecting
cancepts and sources. Part one is confined to the "law- -

it

3
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saeking" social sciences and covers sociology (Lazarsfeld),
politicol science (Mackenzie), p-oychology (Piaget), economics
(several authors), demagraphy (Bourgecis-Pichat), linguistics
(Jukobson), interdisciplinary problems (Piaget), mathemati-
cal models (Boudon), problem-focused research (de Bie),
comparative research (Rokkan), and research policy (Trist).
International Committee for Social Sciences Documentation.
International biblioqraphy of the social sciences. London,

Tovistock, 4 annual volumes (sociolagy, political sciencs,
economics, social and cultural anthropology).

These volumes do not, of course, attempt any synthesis or
overview from which key concepts could be extracted. They
do, however, have good indexes which could assist in the
location of frequently-occurring concepts. The biblio-
graphical entries are also classified into subject group~
ings in a helpful manner.

Key textbooks in each discipline.

In each discipline there are a few key textbooks which are
recognized as offering the clearaest insight into the concepts
of the discipline.

Otner sources.

Consideration could be given to using the major abstracts
for each discipline to isolate the key concepts used with
a certain frequency (e.g. Sociclogical Abstracts, Psychg-
logical Abstracts, etc.). The U.5. Dissertation Abstracts
might also be useful.

Spacialized multi-lingual dictionaries.

For example:

i it

(1) Giunter Haenich. Dictionary of international relations
and politics; systemati: and alphobetical in four
languages (German/English/French/Spanish). Llsevier, 1965,

This dictionary has 5778 terms with equivalents in the
four languages.

(2) 1., Paenson. English/French/Spanish/Russian Systematic
Glossary of Select Economic and Social Terms., Oxford,

Pergammon, 1964.

Attempts to present a system of inter-related concepts
which reflect a vertical hierarchy and are presented
within a continuous text in a systematic exposition of
a given subject (see Appendix D12).
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International Organizations Possibly Interested

International Federation for Documentation {Classification Group)

International Sociological Association

International Political Science Associaticn

Society for General Systems Research

European Centre for Coordination of Research and Documentation
in the Social Sciences

Institute of International Law

International Association for Apalytical Psychology

International Association of Legal Science

International Association of Applied Psychology

International Association of Individual Psychology

International Institute of Administrative Seience

International Union of Psychological Science

International Commission for a History of the Scientific and
Cultural Development of Mankind )

International Committee for Historical Sciences

International Council for Philesophy and Humanistic Studies
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In the U.S.A. the National Acadasmy of Sciences and tha
National Academy of Engineering appointed a committes on
Scientific and Technical Communication (SATCOM) which under-
took a three-year survey (1966-68) funded by the National
Science Foundation.

This resulted in a report (*) and recommendations.

Of major concern was the increase in the volume of such -
intformatien, the emergence of new disciplines, and of new
links between existing ones, and the increasing diversity

of user groups and user needs. The Committee made recommend-
ations with respect to improvements "to the structuring, flow -
and transfer of scientific and technical information and in-

sight."

On the question of further research, the Committece reported '
thal "More exciting than retrieval of information from a

static store is eveolutionary indexing, in which usexr's

additions, modifications, restructuring, and critical commen=-
tarics sieadily improve the initial indexing..." NSF fund-

ing of investigation into this approach was recommended.

The report laid great stress on the interdisciplinary infor-
mation problem. "With the expansion of the body of recorded
informotion, the likelinood that all the infaormation which
could be of use in a given operation will have its origin in
the geogrophic, temporal or disciplinary neighborhoaod of (its)
potential point of applica~tion decreases." It concludes

that on area requiring further action "related to the slowly
knitting, massive, mission-oriented programs of recent years
which dezl with major social concerns ...Econemic, demographic
ond sociological information will have to bs readily avail-
able and used in complete integration with engineering, geo-
graphic, and other relevant kinds of information."

(*) Scientific and Technical Communication; a pressing national
problem and recommendations for its solution. Washington,
"National Academy of Sciencses, 1969.
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International Center for the Terminology of the Social Sciences
(INTLRCENTRE)

This centre, under the leadarship of Dr., Isaac Paenson, has
been active in the production of glossaries: as an aid to
translators and specialists in the economic and social
disciplines. Dr., Paneson specifically makes the point that
the glossaries are not "word lists with sets of definitions,”
but on the contrary are attempts to present a system of inter=-
related concepts which reflect a vertical hierarchy and are
presented within a continuous text. He recognizes that the
direct translation of a word or phrase from a foreign language
is only part of the way to comprehension, and has aimed at
conveying not merely the right word to use in a particular
"context, but also the idea the word expresses. Every effort is
evidently made to ensure that the texts are authoritative.

The glossaries produced so far have been supported financially
or otherwise by contacts with Unesco and the Internationdl
Social Science Council. An eflfort has been made ta maintain
contact with natiopal and regional centres interested in these
approaches.

Systematic Glossary of Selected Economic and Social Terms (Cnglish/
French/Spanish/Russian). Pergamon Press, 1964.

Section headings: Demand, Production, Business Economics, Labour
and Social Security Questions, financial Questions, Economic
Theories, International Trade, Alphabetic Index of Terms in
all four languages.

The Glossary is almost entirely councerned with economic terms,

the only social terms included are those with respect to social
security. The general approach is to take, topic by topic,

each aspect of economics and for each concept within each aspect
to give a sentence or phrase and its equivalents in each lan-
guage. There is not a great deal of emphasis on differences

of meaning in specific terms. There ars some exceptions to this;
for example, different economic theories are given in soms detail,
"National income"” is given with various alternative definitions,
But in general, each term is treated as having a single meaning.

No attempt is made to show the interconnections between terms
in any systematic way. The structure is not a very deep one,
and is based on his breakdown of economics. Concepts are not
broken down inte sub-units, in the way that is planned in this
project. ’

Systematic Glossary of the Terminology of Statistical Metheds
(Cnglish/french/Spanish/Russian). Pergamon Press, 1970

This is prepared on the sams basis as the previous volume.
Again the emphasis is on providing a clear dafinition of

each term within a systematic exposition of the subject. The
presentation is given in the attached extract.

Glossary of Selected Terms in Public Law,

INTCRCENTRE is now in the process of completing terms in this
subject area, and will shortly be publishing the result,

Clearly, the work of this Centre could represent an important
aid to this project, and it is also very probable that the
output of the project would be of great use to the Centre in
preparing further glossaries. There is, however, a very clear
distinction between the concerns of this project, namsly to
clarify differences in meanings and to register different
concepts, and the INTERCENTRE emphasis on defining terms within
a specific framework,
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C. PRELIMINARY TREATMENT OF DATA

(1) Before studying the various movements of time-
secles U it is essential to insure the comparability
of the observations included by making necessary
adjustments for, inter alia:

{a) veriations In the Inferval of time™* [caused by
Fuctuations, resulting partly from the incidence of
holidays, in the numbers of caleadar days® or
working duys ¥ per month, per quarter, ete./;

(t) population changes® fto eliminate their influence
time-series’’ are often calculated on a per capita
basls *'/:

(¢) price chaages™ fio climinate their influence value
data forming time-serics ' are divided [delated/ by

edeses 31/
the price {Wim”'
and thus quantum indexes ¥ are established/,

v

} for the corresponding periods

D. ANALYSIS OF THE (SECULAR) TREND

(1) The first step to be taken in the annlysis of times

" plotting 2! ]
series P is to plot them on ordinary [uhhmdk e

paper or semilogarithmic » or logarithmic ¢ plotting
peper {s. Ch. IV, A2, () and (3)]. The sccular
fhirted }
{drawn}
hand or with a transparent suler—as a curve or
as a straight line thus enabling us to study it as
well as the deviations from it due to cyclical®,
seasonal ” or random factars* {s. B.,(1), above]. This
method of trend-fittiog ™ contains, however, 8 cet-
tain subjective element and is very spproximate,
If we want to make forecasts™ based on the

trend ¥ may be on such a chart—free-

* So<alled "calendar varistions'; cf. A., {2), sbove,

C. TRAITEMENT PRELIMINAIRE DES
DONNEES

(1) Avant d'étedier les différents mouvements de séries
chronologlques ! i1 est essentiel de s'zssurer de la
comparabilite des obscrvations effectuées, en pro=
cédant aux ajustements nécessaires pour temir
compte, entre avtres, des :

Pintees nie
hp&-n:ra: :»::mbu h'} fdues A
des fluctuations qui résultent en partie de l'incidence
des jours de fete sur le nombre de jours clvils ¥ ou
de Jours ourrables ' par mois, trimestre ete.f ;

(a) variations de {

(b) variatlons de 1s population™ /pour élinuacr leur in-
fluence, les séries chronolagiques ! sont souvent cale
culées par (81e ¥/ |

(¢} varictions des prix ™ fpour éliminer leus influence,
les données de valeur corstituant des séries chreno-
foglgues ** sont disiées par les indices de prix®
pour les génodes correspondantes, et ley indices de

cunn{ites Pt

volurme ¥»¢ ] sont atnsi étabhis/,
production %

D. L'ANALYSE DE LA TENDANCE
(GENERALE)

{1} La premuese étane de l'analyse de sérles ckrono-
lozignes ' consiste en leur reprécentation graphique
sur du papler {md’:_’ ordlnuire ou du papler

quadrillé sermidogarithmique ' ou (doublement) oo

gerithaique @ {v.Ch. IV, A2, (2 et (3)]. La ten-

dance générale ¥ peut étre ajustée sur un tel gra-
phique & main Jevée ou A I'side d'une régle trans-
parente suivant uoe courbe ou une droite, ce qui
permet de Uétudier en méme temps que les écarts
par rapport & clle, dus sux factewrs cycliqeee ®,
salsonniers ™ ou accldestels # [v, B., (1), ci-dessus].

Cette méthode d'slustemest de Ia tendsnce ¥ contient,

pourtant, un &ément subjectif ¢t est trés approxie

——
* CL A 42), cideasus,

~
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The concept of semantic fields (*)

The semantic field theory (*) was first put forward by Jost
Tries and is based on the conception of fields as closely-knit
sactions of the vocabulary, in which a particular sphere is
divided up, classified and organized in such a way that each
element helps to delimit its neighbors and is delimited by
them., Their contours fit into each other like pieces of dif-
forent shapes in a mosaic. In each field, the raw material

of experisnce is analysed and eleborated in a unique way, dif-
fering from one language to another and ofter from one period
to another in the history of the same idiom. 1In this way, the
structure of semantic fields embodies a specific philosophy
and 2 scale ef values.

The field theory has been strongly criticised from verious
quarters and some of the claims put forward by its champions
arz no doubt extravagant and unconvincing. The neatness with
which words delimit each other and build up a kind of mosaic,
without any gaps or overlesps, has besen greatly exaggerated.
This is true only of specialized and rigidly-defined systemsj
in ordinary longuage, vaguecness,synonymy, ambiguity and simi-
lar factors will produce a much less tidy picture... Quite
apoart from overlaps between the various conceptual spheres,

it is clear that many of these have no systematic organiza-
tion of any kind.

These limitations must not, however, be allowed to obscure the
outstanding importance of the field theory.

Ullmann cites: its introduction of a truly structural methad
into a branch of linguistics, the possibility of formulating
problems which would otherwise pass unobserved; and a method

of opprooach to the problem of the influence of language on
thinking.

A scmantic field does not merely reflect the ideas, values and
outlook of contemporary society, but it erystallizes and perpet-
vates them: it hands down to the oncoming generation a ready-
made analysis of experience through which the world will be
viewed until the analysis becomes so palpably inadequate and
out-of-date that the whole field has to bes recast.

At this point, the field theory links up with ancther recent
development in linguistics, the so-called Sapis-Whorf hypothe~

(*) This Appendix consists of extracts from: S. Ullman, Seman-
tics; an introduction to the science of meaning. Oxford,
Blackwell, p. 243-253,

(**) For recent work sce: L. Weinberger, Von Weltbild der deut=-

scher Spache. (Dusseldorf, 1953-54, 2nd edition).
Fo. Hiorths "On the relation between field research and
lexicography.” Studia Linguistica, 10 (1956), pp. 57-66.




thesis on the influence of language upon thought. (see Appendix
h25 Modern philosophers, "linguistic analysts" and others, are
deeply concerned about the possibility thot some philo-ophical
problems are pseudo-problems generated by the structure of our
languages. Benjamin Lee Whorf approached the queetion in a
novel and fruitful way: by comparing our own European languages
--"Standard Average European", as he called them -~ with ths
totally different structure of Ameritan Indian idioms,., His
researches convinced him that each language contains a "hidden
metaphysics”,that it embodies a unique way of viewing the world
end imposes this outlook on its speakers. "The linguistic sys=-
tem of each language," he argued,” is not merely a reproducing
system for voicing ideas, but rather is itself the shaper of
ideas, the program and guide for the individual's mental acti-
vity, for his analysis of impressions, fur his systhesis of his
mental stock-in-trade. We dissect nature along lines laid

douwn by our native languages."

During the last few years, a new concept of semantic fields
has been evolved by the french linguist Georges Matoré:

c'est en partant de l'étude du vocabulaire que nous assaierons
d'expliquer une société, Aussi pourrons-nous definir la lexi-
cologie comme une discipline socciologique utilisant le materiel
linguistique que sont les mots.," His teaching and example
have also stimulated a number of enquiries into specialized
vocabularies, ranging from feudalism to railways and from
fashion to medicine. These investigations have found a focal
point in the recently-established centre of lexicological
studies at Besangon, where large-scale research projects are
being organized with the aid of modern mechanical devices. (*)

(*) The centre, headed by B. Quemada, publishes a series en-
titled,"Cahiers de Lexicologie,"and a "Bulletin d‘InFor-
mation du Laboratoire d'Analysse Lexxcolcglque"
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Use of sovoral lanquages and translation problems.

A.

Absence of a linqua franea.

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

(i) English now accounts for about 40% of the world
literature, reqularly yielding (as are french and
German) to the rising group of "ELastern" languages
e.g. Slavic, Chinese and Jupanese.

(ii) No ons can predict what the situation will be twenty
or fifty yesars ahead, nor does anyone possess reliable
data an the present use of foreign languago materials
in Lhe scientific community (but sce Appendix £2,scction

(iii) The position of English as a lingua franca of scienco

is contested by some governments either to consclidate

a now country via a national language or in the belief .
thot language can be artificially maintained as a
vehicle of a culture.

(iv) The chances of securing international acceptance of
English as the standard language of scicnce are, in
present circumstances, very poor.

Language prefcrences.

Apart from these aspects, there is the extremely serious
problem that social scientists in one language group tend

to either igrore forcign 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 compre-
hend if one is less than completely at home with the lan-
guage in question. An unconscious hostility to concepts
expressed in foreign longuages may even build up (see section

Larguage qroup incompatabilities.

There is olse the possibility that a concept 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 about the translation afterwards. Tha
author who has done much to emphasize the difficult-to-
comprehend contrasts between meanings in the standard Indo-
European languages and those in other language gioups is
Benjamin Lee Whorf. These contrasts are well-illustrated
in the following extract from one of his papers (*):

"The growth of the Indo-furopean language-culture
complex dates from ancient times. Much of its meta-
phorical reference to the nonspatial by the spatial

*)

B.L. Whorf. Language, Thought, and Reality. New York, Wiley,

1956, 278 p. ("The relation of habitual thought and behaviour
to languaga") .

E)o
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was already fixed in the ancient tongues, and more
especially in Latin. It is indeed a marked trait of
Latin. If we compare, say Hebrew, we find that, while
Hebrew has some allusion to not-space as space, Latin
has more. Latin terms for nonspatials, like gduca,

religio, principia, comprehendo, are usually metaphor-

ized physical references: lead out, tying back, etc.
This is not true of all languages ~-- it is quite un-
true of Hopi. The fact that in Latin the direcction of
development happened to be from spatial to nonsputial
(partly because of secondary stimulation to abstroct
thinking when the intellectually crudec Romans encoun-
tered Greek culture) and that later tongues were strongly
stimulated to mimic Latin, seems a likely reason for a
belief, which still lingers on among linguists, that
this is the natural direction of semantic chonge in all
languages, and for the persistent notion in Western
learned circles (in strong centrast to Lastern ones)
that objective experience is prior to subjective.
Philosophies make a strong cese for the reverse, and
certainly the direction of development is sometimes the
reverse., Thus the Hopi word for "heart” can be shoun
to be a late formation within Hopi from a root meaning
think or remember. Or consider what has happened to
the. word "radio" in such a sentence @s "he bought a

neu radio" as compared to its prior meaning "science

of uwireless telephony.”

"To sum up the matter, concepts of "time" anog "matter®
are not given in substantially the same form by exper-
ience to all men but depend upon the nature of the
language or languages through the use of which they have
been developed. They do not depend so much upon any

one system (e.g. tense, ur nouns) within the grammar as
upon the ways of analyzing and reporting experience
which have become fixed in the language as integrated
"fashions of speeking" and which cut across the typical
grammatical classifications, so that such a "fashion”
may include lexical, mcrphological, syntactic, and other=-
vise systemically diverse means coordinated in a certain
framework of consistency. Our oun "time" differs
markedly from Hopi "duration"., It is conceived as like
a space of strictly limited dimensions, or sometimes as
like a motion upon such a space, and employed as an
intellectual tool accordingly. Hopi "duration" seems

to be inconceivable in terms of space or motion, being
the mode in which 1life differs from form, and conscicuse
ness in toto from the spatial elements of conscious-
ness., Certain ideas born of our own time-~corcept, such
as that of obsolute simultzneity, would be either very
difficult to express or impossible and devoid of mean-
ing under the Hopi conception, and would be replaced by
operational concepts. Qur "matter” is the physical
subtype of "substance” or "stuff"” which &s conceived as
the formless extensional item that must be joined with
form before there can be real existence. In Hopi there

seems to be nothing corresponding to ity there are no
formless extensional items; existence may or may not
have form, but what it also has, with or without farm,
is intensity and duration, these being nonextensional
and at bottom the same.”

The differences are not restricted to high level abstrac-
tions such as "time" and "matter" but may permeate the whole
perspective., The famous hypothesis associated with the

work of von Humboldt, Sapir and formalized by Whorf suggests:

"that the commonly held belief that the cognitive
processes of all human beings possess a common
logicnl structure which operated prior to and inde-
pendently of communication through language, is er-
roncous. 1t is Whorf's view that the linguistic
patterns themsclves determine what the individual
perceives in this world and how he thinks about it.
Since these patterns vary widely, the modes of think-
ing and perceiving in groups utilizing different
linguistic systems will result in basically different
world views." (1)

"We ore thus introduced to a new principle of relativity
which holds that all observers are not led by the sams
physical evidence to the same picture of the universe,
unless their linguistic backgrounds are similar.,. We

cut up and organize the spread and flow of events as

ve do largely because, through our mother tongue, ve

are parties of an agreement to do so, not because noture
itself is segmented in exactly that way fer all to sce" (2)

Each language becomes a classification and organization of .
experience in its oun right. As such each may be signifi-
cantly different from the other and may structure the forms
and categories by which the individual not only communicates
but also enalyzes nature, perceives or neglects particular
phenomena or relatlonshlps, and constructs his model of the
world (3).

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 differsnt
from our own. Imagine the surface of a taoble with a

! F. Fearing. "An examination of the conceptions of Benjamin Whorf
in the light of theories of perception and cognition". In H.
Hoijer (Ed.) Language in Culture. American Anthropologist, 56,
(1954), Memoir 79, 47.

2 B.L. Whorf. Collected Papers on Metalinguistics. Washington,
Foreign Service Institute, Department of State, 1952,

3

Ses Wharf, op.cit.



book lying on it. The remainder of the surface is
bare. In English one describes the situation by say-
ing, "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 philo-
sophy 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 pre=~
sant in the Wintu sentence, which is purely topological....
The scientist who 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 lan-
guage." (1)

Such languages may not -have parts of speech or separate
subject and predicate. In Indian Languiages such as Nootke
and Hopi events as a wvhole 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 betueen tenses, for the Hopi has no
general notion or intuition of time as a smooth flowing cone
tinuum in which everything in the universe proceeds at an
equal rate, out of a future, through a present, into a past.
The focus is rather on the totality accessible to the senses
at a given moment uith no distinction between present, past,
or even the future or physically distant where the latter

are accessible or represented in memory. Navaho is different
again with little development of tenses by an emphasis on
types of activity or aspects of action. The first concern

of Indo-European languages can be defined as time; of Hopi,
the validity a statement has (in tevms of fact, memory, ex-
pectation, or custom); and of Navaho , the type of activity.(2)

Von Bertalanffy suggests that the Whorfian hypothesis may

be extended. He argues that the categories of knowledge
depend on biological and cultural factors. In particular,
he argues that Aristotelean logic actually covers only the
extremely small field of subject-predicate relations. The
all-or-none concepts of traditional logic fall short of con=-

Europoan languages may alsa have important and hitherto
unknouwn concepts concerning the functioning of social pro-
cesses -- an area in which continuity is even more vital
to understanding than is the naturel sciences.

Some languages may in fact constitute rich sources of cone
cepts which could prove useful to the understanding of or-
gonized social complexity. Little work seems to have been
done on this possibility -- most of the examples refer to
controsts of interest to the natural science perspective.

In fact the field of comparative linguistics seems to ae

made up of "one shot"” studies with very little comparison,
Where comparisons are made it is at the formal rather than

the conceptual level (1), so that with the exception of a b
few startling examples which augur for a fascinating variety
of thinking styles, little information is available. It

may be that Few linguists are competent to write on the
concepts of more thon bne or two non-Indo-CLuropean languages,
s2 that no wide~ranging study or classification is possibla, .
and nao "handbook" is available. The absence of such a

study only helps to caonceal the many differences fraom the
Indo-European perspective-- the existence of such differences
is certainly not widely recognized (2).

The whole argument raises the possibility that the computer
record design envisaged (see Appendix AG6) would not be suf-
ficiently general and flexible to be able to "contain" the
concepts of some other language groups. The either-or dis-
tinction between "entities™ and "relationships" may only
amount to a magnificient exercise in handling Aristotelian
"substance" and "attribute" as represented in Indo-Furopean
nouns and predicate adjectives. Is the concept of distinct,

i

One reason is that 2 major schoal of linguistics denies the need
to consider "semantics" and '"concepts™, claiming that all under-
standing relevant to the discipline can be gained from aralysis
of syntax. A sccond reason may be, as Sapir hus argued, that
many linguists consider such languages “primitive" and therefore
unlikely to constitute a source of concepts unknown to the ITndo-
Eurcpean culture.

tinuity concepts basic for mathematical analysis. He is with
Whorf in hoping that other languages may permit basically
different kinds of “science" ‘:hich would represent other
aspects of reality as well or even better than does the cur-

Marshall Walker (The Nature of Scientific Thought) notes (p.103-4):
"Thc student of sciencs also has a vital need for comparative line
guistics in order to acquire experisnce in the isolation of concepts

rent scientific world picture,

The suggestion has been made, for example, that a language
like Hopi might be better suited to verbalizing the concepts
of modern physics than English. But some of the non-Indo-

T

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

These points are based on.Ludwig von Bertalenffy's account of the
Whorfian hypothesis in: "The relativity of categorises" in:
General Systems Theory, New York, Braziller, 1968.

11

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 stu-
dent of science will have to do it himself as best he can."



'persisting "entities" common to all languages and can
all concepts of "relationships" be adequately represented
by graph-theoretic type areas?

David Bohm, a theoretical physicist interested in Piaget's
and Gibson's work on the problems of perception, gives de-
tailed arguments against permanence of "entities" and con-
cludes (1): -

"it is clear that both in common experience and in
scientific investigations, the objects, entities,
substances, etc., that we actually experience, perceive,
or observe have always (thus far) shoun themselves to

be only relatively invariant in their properties, this
relative invariance having often been mistaken for
absolute permanence"” (p.14)

D.

"It is evident then that by considering entities and
structures as relatively invariant, with an as-yet-
unknoun domain of invarience, we avoid moking unnecese
sary and unprovable assumptions concerning their abso-
lute invariance. Such a prccedure has cnormous advane
tages in rescarch, because one of the main sources of
difficulty in the development of new concepts ~- nat
only in physics but also in the whole of science --
has besn thes tendency to hold onto old concepts beyond
their domain of validity." (p.121-2)

Colin Cherry, a telecommunications engineecr interested in
the psychology of communication with developing countries,
considers that relationships may not be meaningfully repre-
sented by graph-theoretic links and that other forms of
representation might be preferable.

One response is in the work on linguistic universals, It

is suggested that terms exist in all languages to designate
objects which meet a condition of spatio-temporal contiguity,
And, in general, that all languages are cut to the same pat-
tern without there necessarily being any poeint by point cor-
respondence between particular languonges (2). It is recog-
nized that work in this area is cnly at the early stagss (3).
A close look at the logical assumptions built into the com-
puter record design seems to be necessary.

It would seem important te avoid losing the richness of al-
ternotive perspectives by confining this project to one or
two languages in one language group -- particularly as the

minor influence on world society. The arqument that many
learn an Indo-Curopean "second" language is weak in that
Being present in classes ot which such a second language

is taught or used is no evidence that the language and its
perspective "take" in the individual -- as most school

leavers know., Cven if they do take, it is questionable
whether it is satisfactory to ignore the individual's
problems of translating between the two conceptual systems.(1)

Problems of translation.

It moy astonish many people to know that contemporary lin-
guistics has cuncluded that translation between lanquages
is theoretically impossible. Chomsky notes (p.202):

"In fact, althcough 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
reasconable procedures (not involving extralinguistic '
information) of translation are in g2ncral possible"

Gecorges Mounin, who notes the same conclusicn, has summar-
ized tho theoretical difficulties prior to considering why,

how, and within what limits the practical operation of trans-
lations is relatively possible (7). .

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

~~certain languages have highly developed terminolonies
in areas where there are few Indo-~European equivalents
(e.g. the Pyallup Indians and "“salmon"; the [skimos
and "snow" {30 terms), some Africen languages and
"polm trees", the Argentine gauchos and "horse colour-
ing" (200)). There is little value in attempting a
definitive translation when no exact equivalent exists.

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

concepts inventoried are supposed to be in scme way relevant 1
to the cultures using such languzges. That this is signi-
ficant is indicated by the fact that --% of the worid's

population currently uses non-Indo-furopean languages (4). 2
This includes~the Chinese, who are unlikcly to remain a °
1 David Bohm. The Spocial Theory of Relativity. N.Y., Benjamin, 1965. ° 3.

2 Noam Chomsky. Aspects of the Theory of Syntax. Cambridge, MIT,

p. 29-30. )

3 See:J.H.Greenberg (ed.)Universals cf Language.Cambridgoe,MIT, 1963,

g

Ceorges Mounin. Les problames théoretigues de la traduction.
Paris, Gallimard, 1963.

AR special #ssue of the ETC (Institute of General Semantics),15,2,
March 1958 is entirely devoted to interpretation and intercultu-
ral communication. It gives many examples of this sort of problem.

Georges Mounin, op.cit. p.67-68.



£.

-- another excellent example, noted by Colin Cherry (XVu)
is that whilst there is no difficulty in translaling the
colour "red" into and from Russian,the association in.
the two languages are very different. In English:
blood red, red in tooth and claw, red with anger, red
light district, etc. In Russian the translation of
"red" is synonymous uith"beautiful" and has associations
equivalent to the English "golden" ~-- hence "Red Squore”
and the "Red Army" should be meaningfully translated
as the "Golden Square" and the "Golden Army". How much
has international tension been aggravated and reinforced
by this simple error? Similarly, In Chinase,"rcd”"is
primarily associated with "joy", "prosperity", "luck", and
"happiness" (*). Thus greeting cards, invitations, dcco-
rations, etc., are usually in red. {To whaot extent have the
positive associations of the colour in the two cultures
influences the marked success of socialism there, com=-
pared to that in Anglo-Saxon culture, where it has more
negative association?)

Use of foreign lanquage material by social scientists

A recent study of 1000 social science research infarmation
users in Great Britain has just been completed (**), 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 ancther language.

It was also noted that 22% make no use of abstracts or indexas,
35% never use bibliographies, 22% do not use library catalogues,
and 48%. do not consult the librarian.

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 alse
bound to be disagreement as to the adequacy of translations. It
may be preferable therefore to conceive of a Tranmslation Phase

in parallel with the filing, modelling, and term allocation

phases, and to give priorities to the translation of given
terms according to need.

()
(+*)

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

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

T

1 . Appendix E3

A discipline's model as a "lanquage” ' ;

for cuch entity or class of entities within a disciplinc we
can attempt to indicate which other entities, relationships,
attributes may he associated with it (i.e., in a political
science parlance, what entities or classes of entities can the
attribute "democratic" possibly be meaningfully applied to?).
In a given discipline the number of such permissable relation-
ships should be quite limited for a given cancept -- and even
if the number is large it can be reduced by redefining the sne
tities in question as a class or classes,

This approach permits us to define the possible meaningful
subunits of propositions which may be generated from the dise-
cipline vocabulary, In effect extremely stringent "grammatical"
rules are thus set up for the creation of valid elsments of
sentences in the discipline jargon.

By this approach, extra conditions on sentence formulation

are imposed, based on the knowledge cbtained by use of the
disciplines. In natural language such conditions cannot be
impozed because many meaningless sentences in natural language
are grammotically correct., Because of the richness and redun-
dencies, size of vacabulary and indifference to truth valuas
in notural language, any natural language project would lead
to.very large numbers of permissable relations which would be
of little use, besides being impracticable. (Basically, in
natural language, any adjective may be used to qualify any
entity in the class of "nouns”; any adverb may be used with
any entity in the class of "verbs", etc, -~ and it is diffi-
cult to introduce restrictions at a more detailed level.)

Onco the sub-propositional units have been determined (parhaps
as "concept pairs") these in effect amount to new compound
concepts {e.g. "voting procedure"), These may either be regis=
tered as new concepts or left as permissable "generateable"
concepts Tﬁgrely indicating the relationship between the compo-
nent units, rather than showing the component units as compo-
nents of a new compound unit), The choice would depend on the
frequency of usage of ths composed unit.

The procedure may then be repeated for the compound units, whera
this is considered useful, in order to build up the mors complex
permissable units commonly encountered, Clearly at a certain

_point in a particular domaing

- it becomes difficult to determine whether higher lavel
concepts are permissable because thers meaningfulness
is as yet untested, i.e. they are "new ..

-~ it is decreasingly useful to create new units becauss
of the quantity

In certain cases, however, the build-up can continue to the
level of defining permissable propositions,i.e., a propositional
inventory is built up from the units. Other sub-units are



held in such a Form that many probable propositicns may be
generated automatically for inspection and possible coding as
requiring investigation, meaningless, false, etc. This proce-
dure introduces further rules restricting the manner in which
the units may be combined, Modification and additions may of
course be made as new insights and data are obteained.

Once the concepts of a discipline aré held in this structured
form, some interesting investigations of levels of analysis

and degree of equivalence may be made, Where a set of propo-

_ sitions exists employing a given entity (e.g. "nation™) which

is itself made up of sub-units (e.g.“pruvincas"), or is itself

a sub-unit of a larger entity {e.g.,"continental region®) (*).
"new" propositions may be systematically generated for the

higher or lower level by treating the terms as eguivalent. These
propositions may then be inspccted as before, to eliminate the
obviously meaningless and inapplicable at the new level. The
remaining propositions may be added to the inventory if required.

A similar approach may be adopted between disciplines. In some
cases new insights may be suggested by treanting key entities
in different disciplines as equivalent and substituting the
entity from the second discipline into the propositions of the
first containing the proposed counterpart. (e.g.,”individual®
in psychology may be substituted for "pation” in politicol
science or vice versaj; "cell"from biology for "organization"
in organization theory(*¥)). In the case of a given set of
propositions containing a limited number of concepls, ecquiva-
lents for many of the concepts may be selected from the second
discipline, so that only the formal structure of the first
discipline proposition is retaired. This amounts to a gencral
system investigation of propesitional invariance or isomorphy
across discipline boundaries -- without the need to define any
questionable "meta language" in which the isomorphy is estab-
lished (*¥*).

"In fact, similar concepts, models and laws have often
appeared in widely different fields, independently and
based upon totally different facts. There are many in-
stances where identical principles were discovered sev-
eral times because the workers in one field were unaware
that the theoretical structure required was already well

On "levels of analysis" with respect to international studies,

see Henry Teune,"Conceptual dimensions of linking interpational
and comparative research” (Paper presented to the International
Conference on the Relationship of Comparative and International
Studies, Bellagio, 1971)

(**) See M.Haire. Biological models and empirical histories of the
growth of organizations,in:M.Haire {ed),Modern Organization
Theory. New York, Wiley, 1959, pp.272-306.

(2en) Some very interesting math for the detection of such isomorphy
is given in:P.Jaffard et:G. Poitou, "Introduction aux catégories
et aux problémes universels." Paris, Ediscience, 1971.

8o
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.

developed in some other field.* (*, p.33-34)

."Thus, there exist models, principles, and laws that apply
to gencrolized systems or their subclasses, irrespective
of their particular kind, the nature of their component
elements, ond the relations or "forces”" between them ...
we can ask for principles applying to systems in general,
irrespective of whether they are of physical, biological
or scciological nature.... To take a simple example, an
exponential law of growth applies to certain bacterial
cells, to populations of bacteria, of animals or humans,
and to the progress of scientific research measured by

the number of publications in genetics or science in gen-
eral. The entities in questien, such as bacteria, animals
men, books, etc., arce completely different, and so are the
causal mechanisms involved. Nevertheless, the mathematical
law is the some.” (¥, p. 32-33)

Clearly, investigation of propositions generated by this tech-
nique would facilitate the elimination of meaningless and false
propositions, and the identification of isomorphisms as dis-
tinct from superficial analogies.(*¥)

(*) L. von Bertalanffy. General System Theory. WNew York;
Braziller, 1568, :

(**) L. von Bertalanffy, op.cit., p.84-5.



i Appendix F1 ° 2

Future prospects: an i

leal knowledge-representation system the handling of information as noted by J.M. Ziman:

The ideal "information" system in a given academic field *T cannot emphasize too strongly the impgrtance of

has been sketched out as follows by the U.S. National Aca- this activity of intellectual synthesis... Any

demy of Science Committee on Informaticon in the Behavioural notion that we may have about the naturs of scisnce

Sciences under the chairmanship of David faston. The ideal ’ includes the belief that something like an overall

is here portrayed (*) as a "computer analogue of the avail- pattern is to be discovered and described, What we

able, intelligent, and informed colleague." need is scicntific knowledge -- not more and more
"Such an ideal colleague would read widely, have @iscel%aneous and unrelated information. The start-
total recall, evaluate what he read; he would be ing point for a search should not have to be an ab-
able to recorganize materials, recognize fruitful ﬁtract journal or a compute?lzed re%rleval system --
analogies, and synthesize new idess. In addition it should ge an en;yclopaedlc treatise or textbook
the ideal colleague would always be accessible . where thg information has been transfgormed into an
and svailable to all, either in person or by phona. . intelligible pattern QF t@ought...?rom which can be
Finally, such a colleague would be sensitive to deduced the characterization of the particular datum,
each research worker's needs. He would be auware of specimen or phenomenon that we are studying.” (*)
the general interests and current problems of each .
scientist, and he could adapt both the context and The comparison is done in parallsl column for ease of
style of his communication to each researcher's knou- undarstanding.
ledge, skills, and habits." (**)

There have been many reports on the improvement and integra=- .

tion of information systems and it would be futile and inap- -
propriate to comment on them here. There seems, however, to

have been little mention of what might be termed @ "knowledge-

representation” system (***). Tne ideal colleague above would

be the key component in a knowledge-representation system -~

he would, it is suggested, have no place in an"information"

or "documzntution" system as they are currently conceived.

This Appendix attempts to clarify the distinction between the

knowledge~oriented and document-oriented approaches to system

design by comparing the functioning of a hypothetical know-

ledge-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

of fers various means of avoiding seme of the key preblems ’ . < .
faced by the latter -- the two are howsver complementary. The

distinction is basiczlly betwesn a synthesis or atomisation in

(*) Cited in the preface to: L. Larry Leonard (Chairman). Report
and recommendations toward an. international studies inte-
grated informaticn system. International Studies Associa-
tion, Committee on Bibliographical and Documentation Services,
19869,

(**) David Easton (Chairman), Gommunication System and Resources
in the Behaviocural Sciences; by the Committee on Information
in the Behavioural Sciences, Division of Behavioural Sciengss
of the National Research Council, Washington, DC, National
Academy of Sciences, (Pub.1575), 1967, p.46.

(***) "Knowledge-representation could be consicered to mean “"infor-

mation", but there ars so many other interpretations of the . -
latter that the new term ,seems appropriate here. (*) J.M. Ziman,., "Information, communication, knowledge,"
Naturs, 224, 25 Oct 1969, p.323

gl '



1.

2.

5‘

6.

Information : .

Index tends to be based on
simple hierarchy cr alpha-
betic listing of subject,
author and title, which
can be handled on catalo-
gue cards,

Users want documents; the
index is a temporary incone-
veninece to gain access to
the document . o

Author has "published" .
when document is in circu-
lation and "available"; in-
dex entries of little signi-
ficance to author.

Research is conducted pri-
marily using documents as a
stimulus to creativity.

Access to knowledge via doc-
uments, means multiple rep-

1.

2,

4.

Se

roduction and transfer of doc-
‘uments to a variety of lib-

raries where they may or may
not be used,

Documentation system is em=
barrassed when faced with ob-
taining "ephemeral™ or "phan-
tom" material which has not
been made commercially avail-
able through the few standard
channels,

OQut-of-date, rejected, low
quality, false, old documents
are retained in the system

6.

7.

and index with no index indi-

cation to that effect.

Knowledge-representation

"Index" constitutes a complex
network 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.

Users want access to the "net-
work index" which represents

the items of knowledge and

their relationships which they
need; documents are a temporo-

ry inconvenience if it is neces=
sary to re-examine data and de-
tailed arguments justifying the
entities and relationships incor-
porated. Document access is a
secondary problem for which a
documentation system may be used.

Author has "published" when

the appropriate knowledge struc-
ture in the "index" has been mad=-
ified; incorporation in "index"
(through a terminal) is a high
priority for the author.

Research is conducted primarily
using the knowledge-representation
structure as a stimulus to crea-
tivity, i.e., on the graphical
representation,

Access to knowledge is direct and
does not require reproduction and
transfer of documents. (Dnly one
copy of the document justifying
the amendment need exist on micro=-
fiche so that copies need only be
prepared when the data and argu-

ments must be re-examined in detail.)

See 5.

Dut-of-date, rejected, false.etc.
entities or relationships are elim-
inated from the system by listing
them on paper (er other "documents")
with the bibliographical source

from which they were obtained (i.e.
they are available if required but
do not clog the system).

8., Only the knowledge held in . 8.
the documents physically a-
voilable is accessible. The
index only notes the docu-
ments held in the documen-
tation centre in question,

9., Thinking momentum is con- 9.
stantly interrupted when ac-
cess to nouw documsnts is
required. (Long delays, 2~
3 months, are normal;50
months or more from initi-
ation of rescarch to appear-
ance in abstracts)

10. Authors status, pride and 10,
interest associated with
visible document on some

library shelves,

11.Author's domain of inter-
est and home "territory" are
unclearly defined.

11.

12. The key figures in a dis-
cipline and the relation-
ship between their spheres
of influence are unclear.

12,

13. Alternative concepts or con-
tradictory evidence can be
conveniently ignored in a
document or textbook withe
out too much risk -- partice
ularly where the counter ar-
gunent comes from another
discipline (or a school of
thought publishing in a dif=-
Ferent language).

13.

14. Interdisciplinary links are .14.
ignored if the author has
no interest in them,

15. Documents carry a lot of
text which is verbal pack-
aging for the main points,
or didactic in intent,used
to honour the elders of the
profession, or provided in
crder to define the frame of
giscourse. Much of it is re-
peated in other documents on
the same point,

15,

All knouwledge is on-line, al=~
though the supporting documents

may not be physically accessible

Thinking momentum is maintained
since the essence of any new
domains of knowledge is always
accessible -- all the links and
entities are there {Delays are
measured in seconds).

Author's status,pride and interest
are associated with the visible
entities and links in the graph
representation accessible to all.:

Author's domain of interest and
home "territory" are visibly
defined.

The "luminaries" in 2 particular
discipline are all visible togeth-
er with the relaticnship betucen
their spheres of influence.

Rlternative concepts, relationships
or contradicting evidence is immod-
iately forced on one's attention --
even in the case of relutionships
linking to other disciplines.

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

Non-essential material is unnecessary
because the points are in many cascs
already embedded in the knowledge-
representation system. Arguments

can be directed specifically to the
use and relationships betwcen par-
ticular entities. Such compacted
arguments might also be directly
accessible on call ~-- but only as a
clarifying presentation.



16.

17.

Any pznoramic summary of 16.
knowledge in a discipline

-- the standard textbook--

must remasticate all the

extant views which are vis-
ibly significant from the
author's perspective. The

.author must "redo" the whole

discipline environment to
provide the framework for
any new contributions of

his own. There is no guar=
antee that the rephrasing
(necessary for status and
copyright reasons) of other
peoplet!s arguments will make
them any clearer. One result
is to add a large wad of
duplicate mterial to the
documentation system, often
of doubtful literary quality.

The documentation system 17,
goes not permit of any per-
manent representation of’
knowledge in a particular. do-
main., E£ach verbal summary
extant at a particular mo-

ment is under criticism and
subject to reserve from dif-
ferent schools of thought
within the discipline. In

this important respect a doc-
ument arising from a single
group of authors can never
contain the totality of vieuws
in a domain of knowledge. It

is only the non-concrectized
interaction between a succes-~
sion of documents which approx-
imates to it. These invis-
ible qualifiers on any docu-
ment are a feature of the "col-
lective mentality" of the
members of the discipline.

The knowledge of the disci-
pline at any moment is very
much in (and between) the

hands of its members rathar
than on paper or in a row of
books.

The panoramic view of the entities
and relationships in the discipline
is always available and up Lo date.
The author's cxtra contribution is
all that needs to be added - he

does not need to recap the whole
environment.

Since the academic's status is bound
up with his specific modifications
to the knowledge structure and not
the verbalizations held in a docu-
ment, the problem of adequate ver-
balization may be handled separately;
Hopefully a limited number of skilled
verbal presentations, from a mini-.
mum number of different perspec-
tives and literary styles, cuuld

be constantly updated by profes=-
sional writers using the best

verbal arguments by any appropriate
academics where appropriate.

Each entity, link, and qualification
is indicated in the knowledge repre-
sentation system., In &ffect one
"layer” of the "collective mentality"
of a.discipline is rendered visible.
Each modification to knouledge

in the domain is entered on an hour=
by-hour basis,

83
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18.

20,

6.

Different styles of doc- 18.
umants are produced on the
same topic fer research,
cducation, public informa-
tion, program management,
policy muking, etc. purposes.
The same material is repeated,
with some extensions and some
omissions, for euch audience.
But because it gencrally re-
quirec a person with a differ-
cnt style of thought to pre-
sent each type of document,
lags in the incorporation of
tho latest arguments or vital
new evidence tend to be evi-
dent, so that Lherc may be
marked differences between the
entities and relationships
incorporated into each. This
loeads to a “"spustic" or "a-
phasic” response to new situ-
ations,by different portions
of society.

No attempt is made in a doc-
ument established for one
purpose to relate the elements
of knowledge to those of other
purposes.

The documentation problem is 19,
aggravated by the "publish or
perish" code which governs much
of aceademic life. Unless an ac-
ademic publishes, he is "ipvis-
ible" ~-he loses status in the
eyes of his superiors. A cur-
riculum vitoe is judged as much
on the number of artilces,
books, etc., as on the quality,

Disciplines are psycho- .20,
social groups in which
professional status and ad-
vances in knowledge are intie
mately rclated. At present
intro-disciplinary communi-
cation is via documents feor
the knowsledge advances, but
the status and credibility of
particular documents, and
their authors are governed

by ongoing informal word af
mouth communication cantered
upon elders who set the

fashions and designate ap-

The entities and relationships en-
tecred on the basis of research insi-
ghts are also used for other purposes.
Instead of producing differvunt doc-
uments and reprocessing the insighs,
different "filters" are used in pree
senting or displaying the entities

and relationships to diffarent
audiences. In this way, each new
research insight is immediately in-
corporated inte each other form of
knowledge-~representation -~ cach
portion of society works from the

same data base. (Problems registered
by non-research bodies are immediately
evident as a challenge to rusearch.)

In this way if an element of knouw-
ledge represented cannot be under-
stood, the user mérely calls for a
new method of representation (of the
same knowledge), possibly using isa=
morphs (or even analogies) from a
domain with which he is familiar.

At any point bhe can move inteo a2 pro-
grammed learning mode and work from
simple representations.

By switching emphasis to the specific
entities and relationships which

the academic has formulated, succesee
fully, confirmed or criticized w-

his status is determined by the

bonds and entities with which he is
associated. Each af his rontribu-
tions is "visible” until it is super=
seded and is not subject to the
vagaries of the documentation system.

In the knowledge representatien
system, it is quite evident which
issues are currently under debate

and the manner in which the deamise

of a set of entitics and relation-
ships will entrain the fall of a
vhole set of dependent elements, It
is also evident who are the key
propaonents or opponents -~ diraectly
or indirectly -- of particular knouw-
ledge elements. Ideally the know=
ledge representation system would also
act es a continually updated voting
board for each entity and redlation-
ship. Each addition to the structure

¥



20. )proved new fashions.{and

21,

T

thus provide a needed ele-
ment of stability). The
procedure may be fairly
democratic in that on each
topic there are invisible
collages of proponent and
opposition "parties" in a
"lower house", each with

an eloguent voting ;onsti-
tuency. The approval of the
"upper house" of elders is
required., It is by this on-
going formal-informal de=-
bating mechanism that the
disciplines stance at any
one time is determined. But
the channels by which mem=-
bers of a discipline are ex=
posed to new views and indi-
cate or withdraw their sup-
port, are controlled, some-
times rather undemocrati-
cally, by well-placed elders.
There is a tendency for new
and contrary views to have
difficulty in obtaining a
hearing., This may slouw

the development of the dise
cipline and make it some-
what dependent upon a form
of intellectual nepotism

and "smoke-filled club room"
democracy.

Many academics subscribe to 21,
the building block approach

to the advance of knowledge =
particularly in the patural
sciences {e.g.chemistry can

be considered to be a sky-
scraper under construction,

‘with 30 floors completed and

in use, the 31st and 32nd
under construction, Parti-
tions in the lower floors
are modified as required by
new insights. In the more
human sciences, the view
might be that each academic
constructs his own mansion
inspired by the elements

of the style of his neigh-
bors and predecessors.) This
is enly a useful metaphor,
however, since there are no rec
recognized "building blocks"

(20.)of knowledge would cause some individ-

uals in the profession to indicate

a modification in their pattern of
allegiance. At any one time it is
then evident how much support a par-
ticular knowledge element can muster
and exactly where the weak links

in the chain of support are. The
vague auras of influence which are
symptomatic of the document-criented
system are replaced by a precise
picture of the state of the gums.
Contrary views are represonted on

an exactly equal basis and are not
subject to the. vagaries of the
journal referee system.

The "building blocks"™ are the enti-
ties and relationships odded to the
network which constitutes the "buil-
ding". Any part of the network can
be displayed as a visible represens
tation of the "building" on which
academics are working. This has the
advantage of being a multidimensional
dynamic structure in which any ele-
ment can be questioned and modified
without endangering the whole, The
emphasis is on a community adding
entities and links to a single ex-
isting visible whole, however many
levels and domains it may be sub-
divided into ~- individual initia-
tive, whatever its domain, is re-
lated to that of the whole.

&4

8.

(21.)and no coneretized "buil-

22,

ding" -~ it also suffers
from the severe disadvan-
tage of constituting a
"frozen pyramid" concept of
knowledge categories. Cach
individual does his own
thing with no attempt to
relato it to the whole.

The forum of academic de-
bate is concretized as a
scattering of journals and
other documents. There is
little interaction between
the journals but the debate g
is somewhat summarized in a
scattering of abstracts in
which the contents index
gives soma indication of
the interventions on re-~
lated topics.

22. 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 pot-
tern of theoretical formulations in
the process of being continually
improved, and to which he can con-
tribute. A dozen or more specialists
in a particular ficld (the "invisible
college” for that topic) cannot con-
tribute simultaneously to idcas

being written on one memo pad.

They can do so via electronic dialogue
support systems which help them to
respond Lo each gther's ideos (even
if they are a continent zpart) with

a rapidity that allous each of them
to maintain thinking momentum, Even
in such a rapid debate the paternity
of each emerging Formulation is ident
tified and registered. This mode of
operation should be compared with
some discussions between academics
interested in the same topic in

which progress is frustrated becouse
if someone thinks of a good idea he
wants to "publish” it (to goin cre=~
dit) before contributing to the
thinking momentum of his colleagues -
this may take months,



