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1 : Appendix AB

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,

7

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.



Figure ]

Compuorison of different methods of communicating concepts

B e

-

Mcthoad

Advantagrs

Cesture

Speech

Writing

Image

Maths

Diagram
(uxhibit
charts)

Artistic
mobiles

Diagram
{(flow

charts/
grophs)

direct and to the point;
dramatic impact

personalized, subtle,
poetic, imageful,
anslogy~full, adjusted
to audience

permanent record; words
weighed and compared in
context; document formes
an intclligible whole

provides context in
physical termuy involv~

Dicadvantoges

no abstraction possible

no permanent record, wmecanings
and models shift from phrose
to phrase

mcaning of words undeflined

or differ betwecen documnontsg
definiticns become concrotize:
and language depandent; com-
plexity of abstrzcticns
limited by syntax of language;
problem of jargon

superficial and unstruclured

ing, highly complex, high

informatior contont,
high irterrclotionship

handles very complex
abstractions and rc-
lations and @ multipli
city of dimensions

structured to muke a
spacific point

complex, new and un-
predictable relaotion=-
ships

portray all detectable
inter-relationships

in pirecise manne:;
panoranic view of
systom

loss of intuitive upprerlo-
tion of thu concepts invclueds
irpepetirable witheul lengihy
initiation; cyctem of nota-
tion beecunes more complax

than the concepts describod;
imperconal

over-sinplificalion; esxogn-
ration of soume Foaturcs ot
expunse of others; prowcascs
only displayed statically

experionce primurily in-
communicable

vicually roaplex o the pe
of impenetrubilily; procesics

still conveyud stitically;
difficult Lo modifly

7

Nothod

Interactive
graphics

Advantoaces

precise massages;
sive; cantents can be

{alphascope) oriented tu suit user

Psyctodelic
unviron-
ment

Interactive
rapliics

?structurcd

image)

Corpuler
araphics
art

Inturactive
grephics
(hulti-
terminal)

Interactive
graphics
(culoured

& image)

Interactive
grephics
(50 -
helmet )

inleraclive
ideougreph
(hypothe-
tical)

very subtle and complex
imogery and relation-
ships; process oriented;
integration of visual
ang sudio; psychologi-
cally involving

gruater user selectivity
and control on conltent
and form of presentationg
complex abstrnctions held
on display; procrsses
divplauyed as flousy
dynumic; enhuanced creati-
vity; 2-4 dimcnsions.

genvration of new and un-
predicltable dyncaic
imagoery

teams working simuliai-
iouzly on samn ideas;
acecess to each olhers
“senontic space"; inter-
active thinking

higher informotion con-
tenl; vasuslly more
intriuing; clowcr to
arlistic wmedie; noie
powcerful prccentation
of procecses

user poychologically
centred within the
structiure

continuous yrodation and
intcyaction Lotueen
scientifically cliuctured
and aestheticslly ctruce
tured dicplay; enhenced
creativity; refleoctls
cubtlutice of puycho-
lonists, diplanstir, cte,
able to convert to und
Fren o "field theory”

presentation oi structures

respon-

Disadvantancs

no structured overview;
bounded by languuge mode
of program; Processcs con=
veyed as a sequcnce of
isolaled messoges (or as

a game experience)

no scientific content;

no significant invaricntsy
experience primarily in-
communicable

highly structured without
the sublle relelionships
characteristic of eris;

user still centrcd “outsice®
the structure "looking in"

no scientific or “rcal
world" predictive value

fundamantel diclinction
remeines Letweewrn artistic
use of the display or
surface volume and
scivntific interest in
structure and data basze;
still only reflecls a
portion of the subtletics
of sll invariunts and
provesgees knoun to pey
logists, diplomets, et

shoe

still only a scaffolcing
for dicciplined thoucht



Cross~comparison of different methods of communicating concepts

Figqure 2

contd. Figure 2

low)

high;

(H=

Lo BaLUR
juauewled aTgranpcydax

joeduwt otT3ewelp

uoTjonpat
aje1 Kkezoap ubisur

SUOTIDCIFSCE BATSNT
40 LOTIEZTTITQRS

Aypzesm JO juawaoueyua
whiuswow BuTHUTYL

03 SNTNUT}S BATIIBIBIUT
uoisuay

-83dwos Jo uoTILFTITORY
11n4~A3abewt
11n4-Aboteus

fetaajew

at3oeptp buroioyur

-81 07 SS3JJ8 pajeTlosse

lsTepow AJeuTdTosTp uaan

-33q 3Isnuos 03 A3TiTge

Jamod Butqndwon
07 SS803¢ pajeIdOSSse

Aet1dsTto Jo esueatytubrs

8ATDIRAaId pue OTJTIUaIOS

SUDT}ORIISGE JO SI3ABT

Usam3aq JUSWBADK P3IBPIC

uoT3oRIySqQe O
AyoielaTu 4o Aeidsip

Geoture

H

L

Speech

H

Writing

0

Image

H

Maths

0

Charts

Mabiles

Graphs

Alphascope

Psychedelic

ko]
>
ot
0
[ %I &
© -~
- O
[A]N 3
0 ©
c ot
- O

Craphics art

M

Mylti-terminal

M

Colour Graphics

3D=-helmat

Ideograph

3ndino pue Azsbeur
40 A3TTIGR3DTpaIdUn

Ae1dsTp 4O wstweudp

ssanoad
Aeldstp 03 A3r7Ige

M=medium; L

aan3onIje 4083u0d 03
uoT323UBs81I0 TRWIO0Y
40 °xozdde) A357U0D1

s0TYSu0T13ETa1I3quT 7
sjueTIeAUT Jo A3aT13qns

Azabewt TeT0TY4
~Jadns 03 UOT3eJTWTIT

paTpuey
ugT3oEalIsge Jo Tanal

sdiysuoTielarIsqur
paseq-piatyd 4o Aeldsip
sdTusuOT3218II83UT
mBINONIYS [aAsl-13TNW

peeTdsTp SOTLHSUOTIRTaa
-383UT jo Ajr<atdwed

STTI¥s tenidsouod
s,a18sn 03 juswisnfpe

pajuaTio-Losisd
A3abeuwr Butnton

-ut A1Te210607104yo4Asd
Aq171ENRb

2Y3aylsae 3I1QISTA

-4

H

Gesture

H

H

Speech

&

H

Writing.

H

M

Imags

H

M

H

H

Maths

H

o

Charts

H

]

Mobiles

M

Graphs

Rlphascope-

H

Psychedelic

Interactive
ggaphics

M

Graphics art

M

M

Mu.ti-terminal

H

M

M

M

H

Colour Graphics

H

M

M

3D-helmet

M

Idecgraph

4



Appendix B4
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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,



