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0.1 Abstract

controversies have existed for some time about
cybernetics as a subject and difficulties have existed for
students 1n obtaining an overview despite the fact that at
some level several cybernetics concepts can be grasped by
twelve year olds. An attempt 1s made to unpack the notion
of a subject entity and to indicate how far elements 1n
cybernetics conform to such a concept within a generally
acceptable philosophy of science. Ambiguities and
controversies among key themes of cybernetics are examined
and resolutions offered. How far the nature of cybernetics
1s likely to create problems of understanding 1s discussed,
along with approaches towards the empirical examination ot
how cybernetic 1deas are understood. An approach to better
understanding 1s formulated and uséd 1n an 1nvestigation of
how and how effectively the concept of feedback 1s grasped
by various droups. Suggestions are offered from the
foregoing analysis as to the balance of problems within

cybernetics and effective strategies for the future.



Chapter 1

The nature of the problem

The original orientation of this thesis was purely
towards how cybernetic concepts could be taught more
effectively. It soon became apparent however that problems
necessitated 1ooking at the subject as well as the
students. The stimulli for this 1nvestigation then are
firstly the signs of dissatisfaction, among cyberneticians
and their «critics, with the success of the cybernetic
enterprise and secondly the writer s familiarity with the
facility with which school children can absorb systems and
cybernetic 1ideas.[1l] This thesis aims to analyse the
reasons for dissatisfaction and to develop the experiences
gained from school pupils and investigations with adults to

suggest appropriate courses of action.

The following 1llustrations may help to clarify the
climate of dissatisfaction alluded to. The writer first
encountered this mood at the Forward Planning Committee of

this university 1n 1972 [2] when the question of the long



term funding of the 1Institute of Cybernetics was raised.
One Head of School opined that cybernetics had failed to
deliver the fruits promised at its inauguration while
another asserted that the vast majority of work undertaken
was being adequately covered in other departments. The
next evidence of unease was met with among students of the
Chelsea College cybernetics MSc. course which the writer
attended 1n 1974/5 and 1976/7. For both vyear groups the
question, "What 1s cybernetics?" was problematic 1long
after the beginning of the course. 1In subsequent years the
question was sporadically raised at meetings of the
Cybernetics Society, one resolution being the concept of,

"second order cybernetics." [3]

However cybernetics was attacked as an enterprise
almost from 1ts birth when Taylor {[{4] [5] questioned the
philosophical basis of the "birth certificate of
cybernetics" by Wiener, Rosenblueth and Bigelow.[6] In 1962
Pierce [7] was attacking 1ts status. In 1976 Berlinski in,
"On Systems Analysis," attacked aspects of the cybernetic
enterprise.[8] The eighties began with the Norbert Wiener
essay prize title of, "Whither Cybernetics, past
achievements and future prospects"; the "prospects"
sections of the four winning essays published 1{9] do not

read like histories of the last ten vears. 1In 1984 Sowa



Writing "Conceptual Structures: Information processing in
mind and machine" while acknowledging the common origin of
A.I. and cybernetics was at pains to distance his

activities from cybernetics which he implied was a failed
research program.{10] A <critical review by Flood and
Jackson "Cybernetics and organisation theory" in 1988 cites
criticisms by various other authors and comes to

conclusions that are at best guarded and open ended.[11]

When the writer attended the Brunel cybernetics
MSc. course the degree of anxiety about the nature of the
subject appeared lower than at Chelsea, -whether due to
course content, the smaller number of students or other
factors 1s uncertain. However uncertainty did exist and
culminated 1in one student s questioning the validity of
cybernetics as a sub ject entity.[12] The academic
recognition of a problem may be reflected by the appearance
of the question "Distinguish between cybernetics and
systems theory," on the exam papers of both the Brunel and

Chelsea MSc. courses during the 1970s.

Examination of the syllabuses and research
interests of the six Commonwealth universities or colleges
listing cybernetics as part of their work shows diversity.
Some courses seem more similar to courses with "systems" 1n

their title, others to those i1including the label "control,"



rather than to all of those labelled cybernetics. An
equivalent diversity appears 1in mainland Europe. The
variety of content between introductory cybernetic texts is

not what would be expected of an established subiject.

Thus we must face the question, is cybernetics some

kind of a mistake and if so how did it arise?

However it may be that the dissatisfaction which
has arisen 1s due rather/also to our own difficulties 1in
handling the ideas which cybernetics attempts to deal
with. At the individual level it may be that despite their
ubiquity 1in the real world, concepts involving dynamism,
flow and abstract associations are peculiarly difficult for
our mental machinery. Certainly some cognitive science
computer models of how memory and understanding work
propose a relatively reference-book-like, hierarchical
model of 1information storage which would pose problems for
the conceptual modeling of cybernetic concepts. At the
pedagoglc level there 1s some evidence that existing
syllabuses, concepts of knowledge and teaching styles are
inimical to pupils’  and students  understanding of systems
and cybernetic concepts and that caught early enough they
may be acquired with considerable aptitude.[13] [14] At the
higher 1level o0of the conventional administration and

conceptualisation of fields of academic knowledge 1t 1s



worth asking whether there are any particular aspects of
cybernetics which actively militate against its placement
alongside existing knowledge divisions. If so what degree
of 1mportance should be attached to this? Claims for a

useful abstract overview of any field despite a lesser
kKnowledge and experience base are hardly going to be met

with indifference from experts within that field.

Lastly to obtain perspective one must consider the

selt questionings of other subjects. Self doubt and
external criticism are not unique to cybernetics. Social
scientists are particularly prone to attacks on the

validity of their subject entities but even such models as
physics are not immune {15] [16] and areas o©0f uncertainty
potentially destabilising most previous assumptions have

been as vigorously debated there as anywhere.

While there 1s always a danger that too abstract a
level of analysis may become a substitute for useful
activity at more basic levels, the previous considerations
lead us firstly, 1in the next two chapters, to some
examination of the insights that the philosophy of science
can offer us and how we can recognise a properly formed
scientific subject. Chapter four examines cybernetics 1n
the light of these criteria and after considering how the

whole hangs together examines potentilial weaknesses 1n some



Of the parts. 1In view of the fact that part of the malaise
1n cybernetics might be due to sheer 1ntellectual
difficulty a review is conducted of research which might
enable an examlination of that possibility and suggest ways
in which cybernetic <concepts could be grasped more
effectively. From this analysis the main investigation of

chapter six chooses the concept of feedback to explore how

”

effective individuals facility with a cybernetic concept

can be. These results and the previous work provides
arguments for a particular perspective of cybernetics

outlined i1n the last chapter.



Chapter 2

What 1s a Field of Knowledge?

Before determining what is uniquely cybernetic it
wilill help to <clarify what are the general characteristics
of any field of knowledge. Surprisingly very little recent
philosophical work has been done on this; intriguingly most
of what has been done has been done by writers with a
systems orientation. [17] One of the problems clearly has
been the proliferation of subject categories during this
century. Reschler [18] blames the trend in philosophy to
matters of microscopic detail and the aversion to syntheses
for the failure of this century’'s writers to follow the

attempts of Comte, Mill, Pierce, Hegel or Kant.

A search among educational theorists 1likewise
reveals a failure to attack this question. Conceivably
this is because curriculum theorists have come to define
the role of education as serving society or the 1ndividual

rather than conveying an abstract body of knowledge.[19]

[20]



In thils century it is among 1librarians that the
most impressive responses to the challenge of deciding what
1s a field of knowledge have been made. Foremost has been
Ranganathan [21] whose general theory was a response to the
limitations in the serial nature of the Dewey, Library of
congress and early Universal Decimal Classification

systems.

However before we consider Ranganathan’s response
1t 1s as well to identify the limitations of an answer to
pe expected from any particular professional viewpoint and
1ndeed whether an answer can exist separable from such a
viewpolint. The obvious constraints of a librarian are that
his or her system must generally be reducible to a linear
organisation (until all documents are stored
electronically) and that once catalogued the 1information
must be retrievable 1n a way which 1s 1ntuitively
appropriate to the user. Most particularly the user
expects when browsing to £find related subjects together -

Ranganathan s APUPA pattern (Alien -Penumbral -Umbral

—-Penumbral -Alien).[22]

It could perhaps be argued that there are no such

things as fundamental subjects or any intrinsic divisions
of knowledge. Such a viewpoint might claim that popularly

accepted categorisations are simply the remnants of



outmoded academic curricula which for historical reasons
remaln convenient. Put more generally one might propose
that what we see as separate subjects loosely connected 1in
some dimensional space are merely social conveniences
reflecting the lifestyles arising from our particular
organisation of work and leisure 1n the last few
centuries. An even stronger stance might state that all
knowledge was 1inextricably related (or unrelated, the
conclusions are the same), and that therefore any divisions

could only be arbitrary and subjective.

To refute this would involve a kind of multivariate
analysis for the whole universe of present knowledge: a
drawing of relationships between nodes to 1identify the
prominent clumps. Even 1gnoring such epistemological
questions as whether the 1initial process of crystalisation
out of the Dbasic "facts" would not predetermine the
results, 1t 1s <c¢lear that such a task 1s untenable:
librarians have devoted 1lifetimes to less ambitious
projects. Thus we must tolerate tenets which arise from

intuition and are not refuted by analysis or experience.

Pask s "entailment structures" provide a suggestive
approach to 1dentifying the cohesion of knowledge
areas.[ 23] However they are dependent 1nitially on the

opinions of a subject expert and an 1infinite number of



entailment structures may be produced for any one topic.
Until many entailment structures were publicly available
for at least the conventional range of educational topics
the project of trying to cluster knowledge by this method
would be overwhelming if built wup from details, and as

subjective as any other starting at a grosser level of

analysis.

While Popper s, "World Three," concept of objective
knowledge [24] would provide a "high level" basis to begin
an enquiry 1nto the coherence o0of subjects or fields of
knowledge 1t 1s safer to begin by examining the utility of
such conceptions from the viewpoint of the mind of the
user. Memory, 1t has been observed for a long time, WOrks
to some extent by association.[(25] ({[26] [27] Association
itself is not a homogenous network but tends to work 1n a
series of levels 1i.e. associations are dgrouped together
and so on. Thus "chunking up" to subjects might Dbe
regarded as the top level of such groupings. These
considerations do not 1t should be noted pre-empt
holographic or other distributive models of memory [28]
[29] although arguably such models or models with a
distributive component enable a dJgreater variety and
flexibility of coordinative "superstructures" - which would

help to explain the existence of controversy 1in the first



place.

Without a tendency to make associations the brain
would almost certainly face an insurmountable retrieval
problem (among others). Hence what appears at first sight
as a superficial limitation in the 1librarian’s task of
categorising subjects emerges as at least an identical
restriction on human beings, 1f not a fundamental
determinant. On what basis are such associations made and
which criteria of similarity can be accepted as legitimate
for the formation of subject classification? Clearly
assoclations based on mnemonics, [30)] despite their power,
would not do. The reason, apart from any aesthetic
revulsion, would appear to be their 1nability to tie
together large bodies of knowledge and their tendency to
become unique to the individual, which restricts useful
communication. The Associationists particularised their
own criteria of association ( eg. contiguilty succession
similarity contrast) [31] which are a slightly condensed
subset of those formulated by 1librarians, particularly
Ranganathan [32] (eg. his PMEST criteria, Personality
Matter Energy Space Time, or cf. Richardson, [33] Logical
Geometrical Chronological Genetic Historical Evolutionary
Dynamic). It does not seem 1llogical to suggest that

criteria that have utility for the human mind may be



reasonably homologous with objective reality, both because

Of the exigencies of evolutionary development [34] and
because brain and mind must be a part of that reality.
Hence the answers of librarians appear to give the best

avallable response to the question posed in the title of

this section.

Despite 1ts age we must return to the work of
Ranganathan as the most fundamental exposition of what
librarians have to tell us on this subject. It is true
that by 1961 the Universal Decimal Classification had taken
on Ranganathan s, "colon" feature [35] and since then it
has utilised and modified other of his principles.[36]
However Ranganathan provides the fullest articulation of
principles. ASs a reasonably contemporary confirmation we
may qguote Foskett [37]. "In the vast majority of cases they
(the citation orders found in Ranganathan s Colon
Classification) are both clear and helpful, and this 1s the
only scheme in which we find this situation.” Other
writers show a growing acceptance of facet analysis

constructed from Ranganathan's PMEST formula as the best

basis for an index language.[38]

Ranganathan’s basic inspiration was the Meccano set
(39]. In the same way as a variety of different toys could

be built with a few simple components he sought to "combine




bits of 1ideas in several ways to represent a variety of
subjects." Ideas, facts, books and documents were seen as

having a number of facets, which <could in turn be

categorised under the PMEST isolate divisions outlined

above.

These facets were capable of being embodied in the
document s coding, creating a classificational system which
was potentially multidimensional. Ranganathan posited
various canons (such as decreasing concreteness) to
determine priorities in ordering such facets (and thus make
reduction to a 1linear systematisation possible). Post
facto the formulation of facets and thus necessarily of
pasic subjects could be presented as a purely recursive
operation. 1In fact the process was 1inevitably primed by
using some traditionally accepted subject categories; its
validity was supported by the fact that facets built up
into entities which grouped (by Ranganathan s canons) into
intuitively acceptable subject categories and permitted the

development of new ones. (The system 1s dynamic.)

Although his efforts to produce the most helpful

sequence of facets and 1solates led him to postulate an

"absolute syntax of 1deas" [40] the task of articulating 1t
was never undertaken --1t would require, "cooperative
research .. 1n psychology, statistics, linguistics,



anthropology, and reference service." What is of use to uUS

1s his criteria of main or basic subjects (for our purposes
the same thing) which were cumulatively formulated over the

three main revisions of his colon classification.

It 1s simplest to quote the relevant sections from

Gopinath’s summary [41], firstly to classify main

subjects.

"l Traditional main subjects - these are main
subjects that have been traditionally taken for granted as

the first order divisions of the wuniverse of subjects.
Mathematics, physics, chemistry, engineering, mediclne,
literature, linguistics, religion, and history are examples

of traditional main subjects.

2 Distilled main subjects - a pure discipline 1s
evolved out of the experiences in 1ts appearance-in-action
in diverse compound subjects going with different basic

subjects. .. Management science and system analysis are

examples of this kind.

3 Fused maln subject — the trend of
inter-disciplinary approach among speclalists has created a
number of fused main subjects. Biochemistry, chemical
engineering, and geopolitics are examples of this kind;

they stem from the fusion of two or more traditional




disciplines.

4 Other kinds of main subjects - literary warrant
on a few subjects satisfy certain criteria stipulated for

deeming a subject as a main subject. .. Journalism, public

health, applied psychology, 1ndustrial economics, and

social work are examples."

Criteria for identifying a new subiject include

"l A subject which calls for schedules of special
1solates forming facets of a set of compound subjects going

with one and the same host subject:

2 A subject which has to be taken as the central
subject and 1n which one cannot distinctively recognise
1solate facets. 1In other words, a subject which can not be

expressed as the compound subject; and

3 A subject which has some specialisation 1n
academic circles - such as degree courses, periodicals,

etc. "

Thus a subject may be regarded as coalescing (or
for a non-subject not coalescing) 1n the multi-dimensional

space of the facets but by prioritising the facets a linear

position may also be found.



It 1s worth noting that the classification of
cybernetics in the Colon system has occupied four separate

positions to date (with similar shifts in the U.D.C.) and

merited a paper by Gopinath on the issue.[43] It entered as
related to biology and maths, then became a division of
maths, followed by the status of a distilled main subiject
dealing with integrated wholes. 1Its latest classification
was primarily influenced by an article on cybernetics by
Caianiello [44] corroborated by Klir and Valach [45] and
Cybernetic Abstracts and i1t now resides as a main subject

with a position between maths and physics.

We may bear the previous discussion 1n mind as we
examine the status of cybernetics, but before we examine
cybernetics per se we must determine what should be the
criteria of validity of a subject; phrenology might once

have attained subject status but its knowledge claims are

discredited.



Chapter 3

What is Justified Knowledge?

To continue to secure our grounds and guide future
analysis we need to decide upon what the status of any
subject, particularly a science, rests. There is little
point 1in trying to assess cybernetics according to criteria
under which all subjects would fail. On the other hand to
swallow the case of some of the most radical philosophers
Oof science [46] which put all belief systems on a par would
make this 1ngquiry meaningless or at best restrict 1t to

sociology.

vVvarious necessary or sufficient conditions have
been proposed as ensuring the validity of a set of
conjectures:- statements should be; logical [47], empirical
[48], coherent [49], operationalisable [50], falsifiable

[51], or able to create novel predictions [52].

While all of these are useful tools, we accept the
analysis of Newton-Smith [53] that there 1s no known static

set of objective criteria that will 1dentify justified



knowledge; the Judgement of the scientist can not be
excluded. This does not mean however that the whole
question becomes merely a part of the sociology of
knowledge; such a programme would invalidate the sociology
of knowledge 1itself. Science certainly makes progress in
the range of phenomena it can accurately predict, and while
any particular theory outside mathematics will probably be
invalidated within two hundred years the concept of science
continually 1ncreasing 1ts verisimilitude, 1ts closeness to
the truth, 1is plausible enough for us to work with, even
though Newton-Smith s defence  of the concept of
verisimilitude is not rigorous [54]. "The ultimate test (of
superiority of a scientific theory) in terms of long-range
predictive success controls the evolution of the other

factors through a feedback mechanism."[55]

Thus the various criteria of Justified knowledge
offered by philosophers of science will be treated as
useful tools 1in assessing cybernetics but we will not
reject the possiblity that 1in some respects 1ts progress
has been affected by sociological pressures. While noting
Etemad s conclusion at the end of his cybernetics
dissertation [56], "There is as yet no consensus on the
form of a scientific theory," without recapitulating the

protagonist 's arguments, our judgement 1s that the most



respectable panner to proceed under 1S that of

Newton-Smith s, "Temporate Rationalism."



Chapter 4

The (dis)unity of the field of cybernetics

Before attempting some kind of cybernetic taxonomy
1t helps to be clear about the nature of the subject one

aims to taxonomise. A varilety of viewpoilints are available

with respect to cybernetics:

a) cybernetics as a field of basic phenomena to Dbe

studied; analogous with, say biology or physics,

b) cybernetics as a toolkit of concepts for
handling situations or phenomena which may arise
unpredictably in a variety of areas; analogous with

mathematics or logic,

c) cybernetics as a school of philosophy; for
example the view that sentience 1s simply the result of a

concatenation of feedback loops [57] or second order

cybernetics.

d) cybernetics as an epistemology i.e. the notion

that reality is best wunderstood in the analysis of



relationships and processes rather than py division into

absolutes or fundamentals along the lines of Plato[58] or

1960s particle physicists.

e) cybernetics as a series of questions, problems,
a research programme to which we seek, adapt and reject
provisional answers; thus the question might be, "How is
purposive behaviour possible?" or "How do the values which
emerge in “justified interventions® in sub-systems develop

from the simple systems out of which they are ultimately

created?" [59]

f) cybernetics as systems theory with philosophical

sophistication,

g) cybernetics as that subset of systems theory

which excludes non-gubernatorial phenomena, [60]
h) cybernetics as a synonym for systems theory,[(61]

1) cybernetics as a set of axioms from which a set

of deductions about higher 1level 1nteractive phenomena can

be derived, [62]

7) cybernetics as a subset of maths dealing with

abstract systems characteristics.[63] [64]

k) cybernetics as (one of a series of -ct.Goethe



[65] [66], Bogdanov's Tektology [67], the later Logical

Positivists [68], F capra’s manifesto [691)
socio-historical epiphenomenon arising out of a general

orientation to interdisciplinary studies.

1) cybernetics as an abstraction of science, being

the study and classification of interactions.[70]

Clearly these viewpoints can be subdivided and/or

recombined.

4.1 Higher level classification problems

A review of syllabuses, book sales and research
publications could only be made to yield a consensus
viewpoilnt by simplistic initial assumptions and
sophisticated statistics. It could then still be argued
that truth 1s not a matter of head counting and that a
general consensus simply reflects general misapprehension.
Thus our task 1s either to <choose one of the available

models of cybernetics or to indicate something better.

The task is one which has been attempted more by

self avowed systems theorists than cyberneticians, although



contents pages of general texts provide some form of
model. Troncale has produced a relatively simple model of
eleven focal packets of fifty seven ‘"principle systems
concepts."[71] He provides a graphic display using nine of
his focal packets. (Seven of these are detailed in the
next section giving some key concepts with applications
taken from a putative "cognitive map." The 1tems chosen
were arrived at 1i1ndependently.) A possible 1limitation
might be the 1lack of integration of the concept of
information in the display and the impression that some
concepts are chosen for mutual support rather than their

predominance 1n publications.

Another systems theorist wrote to all the
contributors of, "Trends in General Systems Theory" (ed. G
Klir 1972) asking them who were the major 1influencers of
their views on general systems. The writers <c¢ited with
most frequency were; Ashby (17), von Bertalanffy (9),
Rapoport (7), Wiener (7), Klir (6), Zadeh (5), Boulding
(4), von Foerster (4), Bateson (3), Shannon (3) and von

Neumann(3). Another 46 authors were mentioned once.

systems theory at least then shows a degree of both
coherence and diffusion. However simply describing states
of affairs is not a sufficient scientific activity. One

looks for some Jjustifiable unifying rationale. Kant put 1t



quite well. "For it will often be found, that the
originator of a science, and even his latest successors,
remain attached to an erroneous 1dea, which they can not
render clear to themselves, and thus they fail 1in
determining the true content, the articulation or
systematic unity, and the limits of their science.

"It 1s unfortunate that, only after having occupied
ourselves for a long time in the collection of materials,
under the guidance of an idea which lied underdeveloped 1in
the mind, but not according to any definite plan of

arrangement - nay, only after we have spent much time and
labour 1n the technlcal dlSpOSltlon of our materlals does

light, and to project, according to architectonical
principles, a plan of the whole, 1in accordance with the
aims of reason. Systems seem, like certain worms, to be
formed by a kind of generatio aequivoca - by a mere
contfluence of conceptions, and to galin completeness only

with the progress of time. But the schema or germ of all
lies in reason; and thus is not only every system organised
according to its own idea, but all are united in one grand

system of human knowledge, of which they form members."[72]
While rejecting a pure coherence theory of truth, operating
proadly on a correspondence model, coherence may be
regarded as the essential criterion for the denomination of
a Ssubject entity, as also emerged from Ranganathan.

Coherence 1s also a useful tool 1n truth testing, being

necessary but not sufficient. For some the notion may have
an o0ld fashioned ring 1in view of the notions of
complementarity and scientific pluralism [73] [74] , but

its driving force 1n the development o0of science remailns
undeniable. For clarity of exposition a possible coherence
model of cybernetics 1s 1ntroduced first and justifications

and objections considered later as they emerge 1n 1its

development.



Let us assert that those aspects of the world with
which science is at present having most difficulty 1lie 1in
the understanding of large complex systems, such as
ecosystems, economies, societies, brains, ’‘brain-like’
artifacts (computers or intelligent programs) and the
expression of animal development through DNAs. Prima facie
evidence for this lies in the failures of human society 1n
predicting the Dbehaviour of such naturally occuring
systems, and the volume of research effort invested 1in
developing artificial systems with similar potential. A
part of this difficulty 1lies in the impossibility of
applying the traditional scientific principle of ‘'"ceteris

paribus" in such situations; thus comes the demand for new

tools of analysis.

It we accept such notions we may assert that
cybernetics 1s unified by the search for and application of
common explanatory concepts for the common phenomena unigue
to large complex systems. Life Dbecomes more contentious
when we try to assert what such common concepts are oOr
place them 1n a hierarchy. Obviously the set 1s open, some
concepts may be yet to be arrived at, others may prove to
be misconceived. The justification for cybernetics would
only collapse 1f 1t were proven that there were no common

unique properties to such systems, although it would retain



a place in the history of thought along with say animism to
explain why such properties were imagined to exist in the
first place. Given common phenomena the set of

explanations would pe corrigible and capable of
refinement. However if the set were limited and easily

articulated the research impetus could soon decline.

Trivially almost anything may be viewed as a
system. If the quark and its friends prove to be products
of mutual interaction and reflection [75] then at a certain
level most forms of matter may be regarded as systems or
agglomerations of such. Hence there is a danger of trying
to 1nclude an unwieldy number of properties as system
properties. We may prune this set by refusing to regard as
cybernetic anything that can be explained by static
‘analysis, without a time arrow, and continue to refine it
by excluding say dynamic systems which can be characterised
py single value functions and so on up to a prescribed
level of mathematical complexity; or we may define the
adjectives “large complex recursively and characterise
them as pertaining to those systems whose properties
interest us as being common to the highest 1level systems
and inexplicable by particulate analysis (1.e. analysis ot
their most atomistic units). That the latter definition 1s

recursive may be deemed unsatisfactory Dbut recursive



definitions are ubiquitous in science and may be tolerated
pending a fuller understanding of the field being
investigated. Moreover the two pruning systems may be

regarded as mutually supporting in so far as they prove

coterminous.

Before venturing to propose common unigue
properties of large complex systems it is helpful to note
the development of key concepts in other areas. It is part
of the success of science that its concepts are <corrigible
and not static. Thus Dalton’s concept of the atom is so
different from say Pauli's as to hardly merit the same
name, likewlise the Newtonian and string theory views of
space.[76] Nevertheless earlier concepts may retain their
usefulness for pedogogical reasons or within a limited
universe of discourse. For example electrical (as opposed
to electronic) theory does not requilire anything more
sophisticated than the Rutherford model of the atom and 1it
is hard to see how anyone could understand De Broglie’'s
mode 1 without first grasping Bohr s. Paul Lorenzen' s
comments about physics, though possibly reflecting
frustration more than belief, warn us that we should not
expect our task to Dbe easy. "When we simply speak about
physics we use 1t only as a collective noun for a multitude

of past and present scientific activities. The word



”

‘physics” describes one aspect of human activity which for

the moment at least, 1s given only in historic terms."[77]

To focus first on Wiener s earliest notions: "The
group of scientists about Dr. Rosenblueth and myself had
already become aware of the essential unity of the set of
problems centering about communication, control, and
statistical mechanics, whether in the machine or 1living
tissue."[78]. Since the concept of control can largely
subsume the notions of communication and statistical
mechanics and because of 1ts 1link to the etymology of the
word cybernetics we shall begin by examining the role of
the notion of control as a unifying characteristic among
the properties of 1large complex systems. Such systéms we
may propose either control some aspect of their own
behaviour or part of some process which may be viewed with

the control system as part of a larger system.

[Less 1interesting 1s open-loop <control, with a
linear chain of causation 1in which there 1s no way of
adjusting according to the effectiveness of the control
process; as for example when the depression of a key leads
to a symbol appearing on the screen of a word processor.
More interesting is closed loop control with a circular
chain of causation where there 1is automatic adjustment

according to the effectiveness of the basic control



process; frequently circular causal processes are labelled

"feedback™".

While the notion of control is ubigitous, problems
have emerged. From a conventional scientific viewpolint 1t
highlights the problem of dualism. There is the controller
and that which is controlled; from the former emerges the
notion of purpose-like behaviour which so intrigued the

early cyberneticians [79]. Clearly at some level some

pehaviours of both animals and automatic control machines
bear formal similarities [80] and both embody feedback
mechanisms but the attempt to attribute the property of
purposiveness to all systems with feedback mechanisms [81]

has been discredited by Taylor and Searle.[82] [83] [84]

Pursuing the spectre of dualism 1n cybernetics
(which cyberneticians usually claim to transcend), as the
notion of confrol implies control for a purpose, SO purpose
leads to the notion o0f reasons or rationale for that
purpose; 1in other words, ultimately, values. (The choice
of "ethics" as part of the theme for the 1990 annual
conference of the Cybernetics Society possibly reflects
awareness of this problem.) Such an emergence may be seen
as inevitable once cyberneticians had formulated the notion
of automatic, <c¢losed 1loop <control: with the simple

rhermostat there 1s an outsider to select the setting of



the thermostat, with more sophisticated machines which can

function according to various <criteria the choice is
internalised 1nto a higher 1level 1loop, hence the
lnevitability of a top 1level values loop (so far only 1in
numan "systems"), and the tension in the program to derive

common phenomena from the properties of animate and

lnanimate large complex systems.

Obviously the introduction of the notion of values

into science may be seen as a challenge to its traditional

purview.,

Many cyberneticians and systems analysts clearly
pelieved that from the notion of control and thereby
information they could elicit a rational, optimal analysis
of a system or situation which obviated the explicit need
for the importation of (presumably subjective) values ([85].

As Sharp s article in "Computing" showed this belief was

also discredited.

The tendency of cybernetics to divide the world
into two universes of discourse; the physical and the

informational (at which level resided control) also had

challenges from within,

"Norbert Wiener, ... 1s partly responsible for that
secret mongering 1n connection with the concept of
information and the theories about 1t. The haze with which

wiener surrounded this concept 1in order to place 1t



alongside, as equally important and equally fundamental as
the concepts of mass and energy can propbably be traced back
to a mix up of statistical, communication theoretical

@nformation with semantic information. This was recognised
1f somewhat late, but a confusion did result and even
nowa?ays, twenty years later, people still fall for
1it."[86]

Waddington more reservedly commented that, "Wiener
shouted "Eureka  at least as loud as the traffic could
take."[87] The notion that physical information measures
provided the entree to cracking the problems of mind found
first widespread enthusiasm and then widespread
disillusionment. Science had previously accepted such
uncomtortable notions as action at a distance and
probability but as possible implications of reifying the
matter and energy vs. 1nformation distinction dawned, and
progress appeared to falter, credibility was strained. One
strateqgy has been to delimit the notion of information and
find an available conceptual field for the remaining areas
of difficulty. This leads us to Stewart s "Ternary" theory
which gives concepts a position in a physical domain, an

informational domain and/or an evaluative domain.[88] [89]

[90] [91]

The danger of the waters into which cybernetics was
getting with either the denial of or the emergence of value
(and other higher level concepts eg. consciousness [92])
might have been anticipated from the strictures of Hume (as

stewart pointed out).[93] "Hume’ s Law" which is popularly



” ”

rendered as, "You can’'t get is from “ought’," 1is
unarguable, but the reverse proposition which he argued
for, that values or moral distinctions can not be derived

from the facts [94] i.e. information, creates problems for

cybernetics.

Just as Bar-Hillel s comments indicate unease about
the distinction between the physical and the informational

level of description it appears that the informational

domain 1tself may be insufficient to handle the notion of
control, at least at all conceivable 1levels:[95] if so
cybernetics would need to be divided into three parts and
we would face the issue of whether the information/ values’
split was any more 1ntellectually satisfactory than that of
the physical/informational split. If we examine Hume s
reasons for his shibboleth, "Moral distinctions not deriv’'d

from reason," we find that however 1mpressive hils

conclusion his justifications are less so.

Hume distinguishes between the "actions and
affections" and "reason" which he 1dentifies with the
process of deriving conclusions from facts. He then

proceeds, "Since morals, therefore have an influence on the

actions and affections, 1t follows that they cannot De

deriv'd from reason." [96] i.e.



P 1s not = q
r attects p therefore

q not atfect r

which is simply a non sequitur, both because P not
being g does not exclude any relationship of influence
between them (eg. I am not my father but he may 1nfluence
me) and because any such influence is still irrelevant ¢to

the possibility of g affecting r.

His failure to divorce data from values 1S

l1llustrated 1in the next paragraph. "As 1long as it 1is

allow d, that reason has no influence on our passions and

-~

actions, tis in vain to pretend, that morality 1is
discovered only by a deduction of reason." The first
premise 1S surely false; eg. reports of the prospects of

acquiring HIV virus have reduced the 1level of similarly
transmitted diseases: the 1nclusion of the word "only" 1in
Hume s conclusion 1is an admission of possibility which

severely damages his case.

The diversity of Hume s arguments, which are mainly
presented in the first twenty pages of Book TIII of "A
Treatise.." suggest the inadequacy of any one of them. His

solution of deriving values from a sense of values, "Moral



distinctions derived from a moral sense," [97] 1is

unsatisfactorily tautological.

However as Hume continues he appears to end up at
the opposite position to which he began; the impressions by
which we determine moral good or its contrary are simply
particular pleasures or pains. [98] The 1link with
Utilitarianism has been made explicitly by Mary Warnock

[99] and was acknowledged by Bentham himself.

At a practical 1level Kohlberg’'s work on moral
development explicitly attempts to show the
inappropriateness of the "Naturalistic Fallacy" (you can t
get "ought" from "is") by demonstrating a seriles of stages
which individuals (may) go through in arriving at a their
own moral values and which stand up 1in cross cultural

comparison.[100]

The upshot for our purposes 1s that a provisional
distinction between values and information may be
legitimate in cybernetics but we can not assume that this
divorce is permanent; the effort to 1link the two might

ultimately produce useful 1insights. The practise of
accepting a principle eg. action at a distance, which can
not be fully Jjustified has Dbeen fruitful in other areas and

may serve where we can not yet explaln 1n cypernetilcs.



The discussion of a "tertiary domain" 1n
cybernetics [101] is necessary because it might be here
that some ultimate "higher level" unifying factors could be
assumed to inhere. But it is worth noting Mill’s caveat,
1102] (echoing Kant) "The truths which are ultimately
accepted as the first principles of a science, are really
the last results of metaphysical analysis, practised on the
elementary notions with which the science is conversant."
The problem of the tension elicited in the ©previous
paragraphs 1S underlined by Mill’ s potentially
contradictory statement, "Questions of ultimate ends are
not amenable to direct proof." 1103]. Could a tertiary
domain 1n cybernetics have a single unifying theme? For
example must 1t consist of a collection of unrelated value
dimensions or could such elements be subordinated to a
hierarchy under a system such as some form of
utilitarianism? With respect to this question respectable

philosophers differ.[104]

However values are not the only possible contenders
for a domain of cybernetics transcending 1information.
Traditional Darwinism would offer us the simple notion of
survival as the justification for higher level information
control loops. More modern notions of co-evolution [105]

of fer emergent phenomena within which a Justification space



ftor other cybernetic manifestations might be located.

Another claim to transcend notions of information comes

which can not be meaningfully interpreted within any
overarching system. The formal similarity to Husserl’s
idea of a "ding an sich” which held together phenomenology
and out of which emerged existentialism is obvious. It is
probably not co-incidence that Prigogine’s <concern with
self-transcendent systems 1leads him and Stengers to a
concern with "becoming" reminiscent of the earlier school
of philosophy.[107] However it might be argued that none of
these alternatives are essentially more than the selection
of a single value coherence notion from what 1s essentially
a plurality. It may be noted that unless values are
somehow linked to "what 1is" - Stewart’' s primary and
secondary domains, the task of demonstrating the unity ot
cybernetics <can never Dbe completed. Having established
that an examination of the notion of control can be used to
demonstrate the feasibility of Stewart s tripartite
division of cybernetics (or at least the examination of
systems), despite some difficulties, we can continue to

examine the connotations of the central i1dea of control.

while being a useful every-day concept the notion



of "control" 1ncorporates some assumptions which we may be
less happy about when examined close up. Firstly the
notion 1s not wholy objective. It contains the subjective
imputation beyond what can be observed that X only did v
because of Z. As such 1t carries all the philosophical
objections that Hume raised to the notion of cause and
effect and more. Secondly the notion is ambiguous because
it 1s not necessarily clear whether a goal is implied in
72 s control of X and any status attributed to such a goal
can easily be either tautological or yet more subjective.
Another ambiguity 1n the word "control"™ 1is that 1t 1is

unclear on the degree of determinacy between X and Y as a

result of %.

There is a pool of analogous words, each with their

strengths and weaknesses, which might offer themselves as

alternative core concepts 1n cybernetics; influence,
communication, 1nteraction, autonomy, dynamic pattern,
cause; each carrying a dgreater or lesser welght of
attribution by the observer. However even when we attempt

to use the notion which most drastically aims to purge the
presuppositions of the observer 1i.e. to simply describe
pattern [108] the patterns we are able to see will be a

function of our previous suppositions embodied 1n our

theories and the "wiring" of our nervous system [109].



Neuro-holography theorists would attribute such perceptual

rigidity to the "grain" of the filter. [110]

Hence 1f 1t is a requirement of a science that it
does not 1incorporate presuppositions the validity of which
can not be demonstrated then apparently cybernetics can not
be a science, at least with its present "core" notions. An
obvious rejoinder to this is that under such stringent
requirements no subject can be regarded as scientific as
yet. Nevertheless 1t may be conceded that in observing
systems cybernetics appears to have to attribute more a
priori to focus in on its interests than does, say physics
or anatomy (although there may be a cultural influence 1in
the confidence with which we regard phenomena as directly
observable). [111] various moves have been made to deal
with this difficulty and to objectify notions that easily
become subjective, for example von Bertalanffy s concept of
"equifinality" [112] or Sommerhof s "directive correlation®
[113]. Beer [114] appears to endorse Maturana and Varela s
attempt to cope with the spectre o0f subjectivity which
involves the denial of the notions of even communication or
information so far as the 1iving organlism 1S concerned.
They appear to allow that an organism controls 1ts own
organisation but elsewhere the concept of control 1is

proscribed. For them organisms create theilr own reality



independent of anything "out there™ and to attribute
virtually anything other to the organism than a homeostatic
maintainance of 1ts own internal relations is a kind of
self-indulgent subjectivism on the part of the observer.
Why their own position is not therefore equally so is not
readily apparent. Certainly 1t could be accused of merely
being an elegant tautology. Provisionly we might simply
concede that large complex systems show "control-like"
phenomena and examine what notions of interaction are

useful 1in explaining them.

This brings us back to generally familiar
cybernetic notions which could be characterised as

belonging to the secondary (and usually also the primary)

domailin.



4.2 Elements of a Cybernetics sSyllabus

—————-—ﬂ-———-——ﬁ——_u——___——______________._—_____m

It might be assumed that in order to fulfil the aim
of this section to indicate the unity of cybernetics, and
to show the area that this thesis generally refers to, it
was necessary to produce a detailed interrelated taxonomy
of cybernetic ideas. Although even then it would be
necessary to show that the taxonomy produced was either not
éignificantly different from all the rest or that it
embodied superior organising features of coherence and

correspondence.

Fortunately 1n order to demonstrate unity a
detailed delineation 1s not necessary; we only have to show

a reasonable degree of cohesion. Further, 1t 1s not

necessary to claim priority for the cohesion model
produced. To some extent the model below pre-empts certain
alternative viewpoints. But it 1s necessary to offer some

reasonably articulated structure at this stage 1in order to
create a position from which to consider alternatives.
However alternative models in the same area generally would
reinforce the basic claim of unity rather than compete with

it. Ccertainly if all ‘"cybernetic" concepts could bDe



non-repetetively parcelled out to separate fields where
they stuck together with other ideas more strongly than in
cybernetics there would be no point in demonstrating
cybernetic unity. However to demonstrate this would be a
considerable task, 1its very size tending to weaken the
"anti-cybernetic" claim. Moreover apart from the basic,
"knowledge cohesion" demonstration later sections will

reinforce the cohesion-of-cybernetics «c¢laim with cognitive

efficiency arguments.

While not producing a comprehensive taxonomy the
principles by which one would be developed are still of
interest to us in showing cohesion. One approach would be
to look for guidance to systems and cybernetic notions of
growth and development. One could seek an elementary
notion to begin with - hopefully from a more "basic" field
and aim to show that its elaboration lncorporated more
cybernetic notions, and thence by following an expanding
vortex demonstrate the "re—-emergence" of cybernetic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>