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2. What is the main difference between a teleological norm and a law of
nature?

3. Why did science, as a human activity, have to declare itself independent,
neutral, and objective from its earliest days?

4. In the deterministic era, the question of free-will was considered
irrelevant. Why?

5. What are the most significant metaphysical presumptions behind the
concept oí the laboratory?

6. The scientific method is associated with five methodological steps.
Describe the last step and explain its importance.

7. The old Greek mathematician Pythagoras once said: 'Omnia mutantum,
nihil interit' (Everything changes, nothing is lost). How can this be
associated with the laws ofthermocLynarnics?

8. Quantum theory has been used in an attempt to explain the classic
body /mind problem. How does the train of thought run?

9. Gerald Weinberg states that 'science and engineering have be en unable
to keep pace with the second order effects produced by their first arder
victories.' Give sorne examples of particularly devastating secondary
effects influencing modern society.

10. Has systems theory been successful in formulating a law of laws appli-
cable to all scientific disciplines? If so, how does one of these laws read?

~
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Basic Ideas of
General Systems Theory

• GST and concepts defining systems properties
• Cybernetics and concepts defining systems processes
• General scientific and systemic concepts
• Widely-known laws, principles, theorems and hypotheses
• Some generic facts oí system~ behaviour

'On questions of the ends to which means should be directed,
science has nothing to say.'(N. Campbell1953)

Eachbody of theory has its implied assumptions or axioms which
in reality are impossible to prove and hence must be accepted as

value judgements. The underlying assumptions and premises of
systems theory can be traced backward in history The thought that
the existence has certain common general reatures and that a hidden
connection exists in everything has always fascinated humanity. The
Greek philosopher, Aristotle (384-322 BC),presented a metaphysical
vision of hierarchic order in nature - in his biological systematics.
His finalistic. or teleological, natural philosophy represents a rather
advanced systems thinking for the time.

Closer to our own era, Fredrich Hegel (1770-1831) formulated the
following statements concerning the nature of systems .

• The whole is more than the sum of the parts .
• The whole defines the nature of the parts.

49
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~ The parts cannot be understood by studying the whole.
lO The parts are dynamically interrelated or interdependent.

Ideas of the German philoshopher and writer Wolfgang Goete
(1749-1832), may be considered preceding modern systems theory.
Influenced by the monis tic world of Spinoza, he tried to bring a
multiplicity of of nature back to a simple principIe integrating body
and mind.

The concept of holism received its first modern appraisal through
"structuralism', a scientific school of thought established by the
Swiss linguist Ferdinand de Saussure (1857-1913). Structuralists
studied 'wholes' that could not be reduced to parts. Society was not
regarded as a conscious creation; it was considered to be a series of
self-organizing structures overlapping each other, with a certain
cémformity to law. This wholeness regulated the personaland
collective will.

After Warld War 1, the limits of reductionism were known and
the concept of holism already established (particularly in biology). A
comprehensive exposition of holisrn was presented by the Boer general
Jan Smuts (1850-1950) in his book Holism and Evolution in 1926. By
this book Srnuts must be considered as one of the most influent
forerunners of the systems movement.

Another forerunner of systems theory is to be found in Gestalt
psychology láunched in 1912 by Max Wertheímer (1880-1943). The
central idea of Gestalt psychology was that the whole was greater
than the sum of the parts. Its theory was holistic and it embraced the
concept of emergent properties (see p. 69). It also stated that many
physical systems, named Gestalten (from Cerrnan), evolved into a
state of equilibrium. Gestalt-theory is today well-known for its
Gestalten-laws which explain how relations of different kind between
elernents determine the formation of Gestalts. A cornmon definition
of the concept is the following: 'A gestalt is an organized entity or
whole in which the parts, though distinguishable, are interdependent.
They have certain characteristics produced by their inclusion in the
whole, and the whole has some characteristics belonging to none of
the parts'.
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In General Systems Theory. one of the basic assumptions embraces
the concept of order - an expression oí man' s general need for
imaging his world as an ordered cosmos within an unordered chaos.
A consequence implicit in this order is the presumed existence of
a law of laws which in turn inspired the name of the theory. The
systematic search for this law is a main task for General Systems
Theory. Another fundamental assertion is that traditional science is
unable to solve many real world problems beca use its approach is
too often narrow and inclined toward the abstract. Systems science
in contrast is concerned with the concrete embodiment of the order

and laws which are uncovered.
Kenneth Boulding (1964) formulated five postulates which must

be regarded as the starting point for the development of the modern
General Systems Theory. They may be summarized as follows.

• Order, regularity and non-randomness are preferable to lack of
order or to irregularity (chao s) and to randomness.

• Orderliness in the empírical world makes the world good,
interesting and attractive to the systems theorist.

• There is order in the orderliness of the externa! or empirical world
(order to the secand degree) - a law about laws.

• To establish arder, quantification and mathematization are highly

valuable aids.
• The search for arder and law necessaríly involves the quest for

those realities that embody these abstract laws and order - their

empirical referents.

Other well-known basic assumptions regarding general systems
theory as a philosophy of world and life have been summarized by
Downing Bouiler (1981). A selection is given below.

• The Universe is a hierarchy of systems; that is, simple systems are
synthesized into more complex systems from subatomic particles

ta civilizations.
• A11 systems, or forms of organization, have sorne characteristics

in common, and it is assumed that statements concerning these
characteristics are universally applicable generalizations.
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• Al! levels of systems have novel characteristics that apply
universally upward in the hierarchy to more complex levels but
not downward to simpler levels.

• It is possible to identify relational universals that are applicable to
a11systems at a11levels of existence.

• Every system has a set of boundaries that indicates some degree of
differentiation between what is included and exduded in the system.

• Everything that exists, whether formal, existential, or psychological,
is an organized system of energy, matter and information.,

• The Universe consists of processes synthesizing systems of ~
systems and disintegrating systems of systems. lt will continue in!.
its present form as long as one set of processes does not elimina te
the other.

A shortsummary of Bowler's assumptions could be expressed in
the statement that the design of the macrocosm reflects the structure
of the microcosmo

A further perspective on systems has been provided by the famous
professor of business adrninistration, West Churchman (1971).
According to him, the characteristics of a system are the following:

• It is teleological (purposeful).
• Its performance can be determined.
• It has a user or users.
• lt has parts (components) that in and of themselves have purpose.
• It is embedded in an environment.
• It includes a decision maker who is internal to the system and who

can change the performance of the parts.
a There is a designer who is concerned with the structure of the

system and whose conceptualization of the system can direct the
actions of the decision maker and ultimately affect the end result
of the actions of the entire system.

• The designer' s purpose is to change a system so as to maximize its
value to the user.

• The designer ensures that the system is stable to the extent that he
or she knows its structure and function.
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. ,:Churchman' s concept of a designer may of course be interpreted
hil.areligious or philosophical way (Churchman is a deeply religious
scientist). A more common interpretation is, however, to see the
designer as the human creator of the specific system in question
(e.g.a computerized system for booking opera tickets).
'.. Today, there is near total agreement on which properties together
¿~mprise a general systems theory of open system. Ludvig von
Bertalanffy (1955), Joseph Litterer (1969) and other distinguished
persons of the systems movement have formulated the hallmarks of
sucn a theory. The list below sums up their efforts.

• Interrelationship and interdependence of objects and their
attributes: Unrelated and independent elements can never constitute

a system.
• Holism: Holistic properties not possible to detect by analysis should

be possible to define in the system.
"1:.

• Goal seeking: Systemic interaction must result in some goal or final
state to be reached or some equilibrium point being approached.

• Transformation process: A11systems, if they are to attain their
goal, must transform inputs into outputs. In living systems this
transformation is mainly of a cyclical nature.

• Inputs and outputs: In a dosed system the inputs are determined
once and íor a11;in an open system additional inputs are admitted

from its environment.
• Entropy: This is the amount of disorder or randornness present in

any system. A11non-living systems tend toward disorder; left alone
they will eventually lose a11motion and degenerate into an mert
mass. When this permanent stage is reached and no events occur,
maximum entropy is attained. A living system can, for a finite
time, avert this unalterable process by importing energy from its
environment. lt is then said to create negentropy, something which
is characteristic of a11kinds of life.

• Regulatíon: The interrelated objects constituting the system must
be regulated in some fashion so that its goals can be realized.

t

i
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Regulation implies that neCessary deviations will be detected and
corrected. Feedback is therefore a requisite of effective control. r
Typical of surviving open systems is a stable state of dynamic j
~~ili~m I

. I
• Hierarchy: Systems are generalIy complex wholes made up of .r

smaller subsystems. This nesting 01 systems within other systems i
is what is implied by hierarchy. ,

• Differentiation: In complex systems, specialized units perform f
specialized functions. This is a characteristic of all complex systems
and may also be called specialization or division of labour.

• Equifinality and multifinality: Open systems have equally valid
alternative ways of attaining the sarne objectives from different
initial conditions (convergence) or, from a given initia] state, obtain
different, and mutually exdusive, objectives (divergence).

The application of these standards to the theories introduced in
Chapter 3 wíll demonstrate that the different theories are more or
less general in scope. Most of thern are in fact systems theories,
albeit related to a certain area of interest. Implicit in them all is
that it is better to have general and abstract knowledge regarding
larger and less weIl-known systems than to have specific and
intima te appreciation of smaIler and more welI-defined ones. Of
course this view has broad implications for colIecting information,
organizing data, describing results mathematicaIly, and interpreting
interrelationships.

General Systems Theory is a part of the systems paradigm
which complements the traditional scientific paradigm (see p. 18)
with a kind of thinking that is better suited to the biological
and behavioural realms. The objective attitude of the scientific
paradigm is supplemented with interoention, activism and participation
(often objectivity communicates less than subjectivity). This more
comprehensive systems paradigm attempts to deal with processes
such as life, death, birth, evolution, adaptation, learning, motivation
and interaction (van Gigch 1992). It also attends to explanations,
values, beliefs and sentiments, that is, to consider the emotional,

~~._---
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mental, and intuitive components of our being as realities. Conse-
quentlv, the scientist becomes involved and is allowed to show empathy.

Also related to General Systems Theory is the evolutionary
paradigm (R. Fivaz 1989). Spontaneous general evolution from the
uncomplicated to the complex is universal: simple systems become
differentiated and integrated, both within the system and with the
environment outside of the system. From elementary particles, via
atoms, molecules, living cells, multicellular organisms, plants, animals,
and human beings evolution reaches society and culture. lnterpreted
in terms of consciousness, the evolutionary paradigm implies that all
matter in the universe - starting with the elementary particle - move
up in levels of consciousness under the forces of evolution. The
evolution per se thus points in a direction from fue physical to the
psychical. With this background, cosmological thinking sometimes
states that man is the center of the universe because he is its meaning.
In a sense, this is a return to the religious mentality of the Renaissance
(see page 9). This view has manyapplications in sciences and makes
it possible to unify knowledge from separate disciplines.

A eonnection between different systemic levels of complexity and
consciousness and associated academic knowledge areas takes the
following shape:

planetary astronomy
global ecology
national political science, economics
organizational organizational theory, management
groups sociology
organisms psychology, ethology, biology, zoology
organs physiology, neurology
cells cellular biology
molecules biochemistry
atoms physics
subatomic particles particle-physies

Systemists often state that to understand the specific systemic
qualities and behaviour on a certan level, it is necessary to study fue
levels above and below the chosen level.

,f
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Inasmuch as scientists in the disciplines of physics, biology, J

psycholo~, .sociology and philosophy all employ some mode of '~.
related thmkmg, a cornmon language of concepts and terms has been '(
established. This language embraces the common underlying l
principIes of widely separated phenomena. Innovative and useful 4
constructs within one area have spread to others and then merged :'J'
into elements of General Systems Theory, which therefore can be .l
defined as a metatheory.;t

On the following pages, the most essential terms - those related .•
to the general properties of systems regardless of their physical
nature - are presented. These terms refer more to organization and
functíon than to the nature of the mechanísm involved. To understand
them is to be familiar with the basic foundation of General Systems
Theory - to possessthe conceptual tools necessary.to apply systems
thinkíng to real world systems.

Fínally, the characterization of General Systems Theory made by
its oríginator, van Bertalanffy (1967), is worth quoting:

'It is the beauty of systems theory that it is psycho-physically
neutral, that is, its concepts and models can be applied to both
material and nonmaterial phenomena.'

*
GST and concepts defining systems properties

First we have to define the word system and emphasize its subjective
nature. From a linguistic point of view, the word originated from
Greek where it denotes a connected or regular whole. A system is
not something presented to the observer, it is something to be
recognized by him. An example is how man begun to recognize our
planetary system during the middle age.

Observe how system into system runs,
VVhatother planets circle other suns.

(A. Pope)
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Niost often the word does not refer to existing things in the real
Wrorldbut rather to a way of organizing our thoughts about the real
world. The constructivist view of reality (E. von Glaserfeld 1990)states
that systems do not exist in the real world independent of the human,
mind: only a worm's eye view defines the cell (or whatever subunit
of a system) instead of a wholeness. The fictionalist view takes a
further step and states that the systemic concept can be well suited
to its purpose even if we know that it is incorrect or full of
contradictions in a specific situation. A system cannot be understood
by analysis of the parts because of their complex interactions and
because purpose or meaning can only be irnmanent in the whole.
A system is in itself always an abstraction chosen with the emphasis
en either structural or functional aspects. This abstraction may
be associated with, but mustnot be identified with, a physical
embodiment. Anyhow, the relationship between the elements should
have as much attention as the elements being related.

An apposite definition of the word system has been given
by the well-known biologist Paul Weiss: 'A system is anything
unitary enough to deserve a name.' More aphoristic is Kenneth
Boulding' s (1985) 'A system is anything that is not chaos', while
West Churchman's view that a system is 'a structure that has
organized components' seems more stringent. Also the cybernetican
RossAshby' s definitian must be noticed: "A system is a set of variables
sufficiently isolated to stay constant long enough for us to discuss it".

An often used cammon sense definition is the following: 'A system
is a set of interacting units or elements that form an integrated whole
intended to perform some function'. Reduced to everyday language
we can express it as any structure that exhibits arder, paitern and
purpose. This in turn implies sorne constancy over time. A system' s
purpase is the reason for its existence and the starting point for
measuring its success. "The purpose of a system is what it does".

Another pragmatic definition used especially in the realm of
management is that a system is the organized collection of men,
machines and material required to accomplish a specific purpose and
tied together by communication links.
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~
A more scientific definition has been given by Russell Ackoff (1981)/1;

who says that a system is a set of two or more elements that satisfiesl
the following three conditions. "f

~
e The behaviour of each element has an effect on the behaviour of!

the whole. ;t
• The behaviour of the elements and their effects on the whole arel

'finterdependent. 1
• However subgroups of the elements are forrned, all have an effect'f

on the behaviour of the whole, but none has an independent effect, -l, ','

on it. I
A system-definition by Derek Hitchins (1992) considered both:1

pra?"rnatic and scien~i~icis the following: 'A Systern i~ a collectionJ
of mterrelated entities such that both the col lectio n, and the, 'J,'

interrelationships together reduce local entropy', 'i
Finally, a short resumé of the presented perspectives gives thei

following: SYSTEM, an organized whole in which parts are related ,i
together, which generates emergent properties and has some purpose. :1

An often applied mathernatical definition of the word systern comes '¡
from George Klir (1991). His formula is however extremely general ¡
and has therefore both weaknesses and strengths. See Figure 2.1. ~

In the formula, T stands for a set having arbitrary elements, but t
it may also represent a power set. R stands for every relationship j
that may be defined on the set with its special characteristics. t

It must however be emphasized that a set oí elements, a11oí which 1,"'

do the same thing, forms an aggregaie, not a system. To conform with {

'f
1
1
l
f
f
!

i
1

í System

~A",,,m4 s~(~~E)
~ (11;i""

Figure 2.1 A formula defining a systern,
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.the definition of a system, there has to be a functional division and
co-ordination of labour among the parts. This implies that the
components have to be assembled in a certain way in order to build
a.system. A system is distinguished from its parts by its organization.
Thus, a random assembly of elements constitutes only a structureless
mass unable to accomplish anything. Nor does an orderly assembly
cif elements necessari1y form a system. The beautiful organization of
the atoms of a crystal does not qualify it to be a system; it is an end
product in itself, one not performing any function.

To qualify for the name system, two conditions apart from
organization have to be present: continuity of identity and goal
directedness. Something that is not able to preserve its structure amid
change is never recognized as a system. Goal directedness is simply
the existence of a function.

The structure of a system is the arrangement of its subsystems and
components in three-dimentional sp~ce at a certain moment in time.
Systems differ from each other in the way they are organized, in the
particular mechanisms and dynamics of the interrelations among
the parts and with the environment. This may also be expressed as
order in the relationship among the components which enter into a
system.

Systems are usually classified as concrete, conceptual, abstract or
unperceivable. The most common, the concrete system (sometimes
caBed physical system), exists in the physical reality of space and
time and is defined as consisting of at least two units or objects.
Concrete systems can be non-living OI living. Another distinction can
be made, that between natural systems (coming into being by natural
processes) and man-made systems.

A living or organic system is subject to the principles of natural
selection and is characterized by its thermodynamic disequilibrium.
Living systems are generally more interesting for how they act than
for what they look like. The functional aspect thus becomes the most
important one. A standard biological definition of a living system
uses the following points:

• Selfregulation
• Organization
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• Metabolism and growth
• Reaction capacity
• Adaptability
• Reproduction capability
• Development capability

As a cornplex, organized, and open system, it is also defined by
its capacity for autopoiesis (H. Maturana and V. Varela 1974), which
means 'self-renewing' and allows living systems to be autonomous.
(Autopoiesis as a. concept may be applied even to conceptions and
ideas. See Chapter 3). The activities of autonomous systems are mainly
directed inward, with the sole aim of preserving the autonomy per se.
Maintaining internal arder or own identity under new conditions
demands frequent internal reorganization. The autopoietic system
has to establish a boundary between the universe of which it is a
part, and itself in order to maintain its identity. All autopoietic systems
are under influence of random variations which provide the seed of
possiblity that allows the emergence and evolution of new system
identities. Such variations can be seen among bees and ants in order
to increase the variety of the systems to which they belong.

Characteristic for autopoietic systems is metabolism, repair, growth
and replication. These systems maintain their organization through a
network of component-producing processes which in turn genera te
the same network which produced them. Advanced autopoietic
systems are capable not only of organizing themselves but also of
ordering their environment with growing efficiency. In contrast, an
allopoietic system gives rise to a system which is different from itself.
The term heteropoietic, implies human designed systems with a
purpose.

The following specific qualities differentiate living systems from
non-living ones.

- the presence of both structural and gene tic connections in the
system;

- the presence of both co-ordination and subordination in the system;
- the presence of a unique control mechanism (e.g. the central nervous

system) working in a probabilistic manner possessing a certain
number of degrees of freedom in the system;
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the presence of processes which qualitatively transform the parts
together with the whole and continuously renew the elements.
The capability to learn or to have an extensive repertoire of instinct
responses adopted to different situations.

Living systems in general are energy transducers which use
information to perform more efficiently, converting one form of energy
into another, and converting energy into information. Living species
have developed a genius system to overcome entropy by their
procreative faculty. Higher levels of living systems include artefacts
and mentefacts. An artefact is an artificial object and can be everything
from a bird' s nest to computers and communication networks. A
mentefact is a mental creation, exemplified here by data, information
or a message. Among artefacts, a distinction has to be made between
machines, tools, etc. and' structures. The former have limited lives,
become wom out and are replaced by better ones. The structures,
however, are constructed to be permanent like the pyramids of Egypt
or the Great Wall of China.

.Living systerns in general, are teleonomic - they are unconsciousely
fulfilling a goal. A mindless procedure thus could produce design
without a designer. Teleologic explanations of living systems
are seldom relevant. Sometimes, however, such explanations seem
useful in the descriptive language of an observer. Today, many
researchers consider everything which can reproduce itself as living
(see Chapter 6).

Living systems theory, formulated within the General Living
Systerns theory, or GLS, must be regarded as a component of the
General Systems Theory. GLS, pioneered by [ames Miller (Living
Systems 1976), is 'presented among the cornerstone theories of the
next chapter.

A conceptual system is a system of concepts. It is composed of an
organization of ideas expressed in symbolic formo lts units may be
words, numbers or other symbols. A conceptual system can only
exist within some form of concrete system, for example a computer.
An example is a computer which drafts the specifications and plans
for another physical system before it is actually created. A conceptual
system (the Ten Cornmandments) can also regula te the operation of
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a physical system (the human being). As a system it is itself always
timel~ss. Change is inapplicable to it as it does not exists in spacel
~h~. ~

In an abstract system, all elements must be concepts. It is of an I
intermedia te type in that its components may or may not be i
empirically observable. The units of such systems are relationships .~
abstracted or selected by an observer in the light of his interest ~l
or theoretical viewpoint. The relationships between the mental '"l·
abstractions and their classes constitute the system. In PSYChOlogy,.i.';
for example, the structures of psychic processes are described by "t
means of a system of abstract concepts. Abstracted systems abstract ,
elements of the real world and map these as components of the .
system model. They mix empirical and conceptual factors. Cultures ~~
as systems is an example. Inan pl1perceivable system the many .,'
parts and complicated interrelationships between them hide the actual •.',
structure of the system. «

All systems have a certain type of structure. Concrete systems, for .
example, exist physica11yin space and time, building a specific pattern. t
Conceptual and abstract systems have no defined position in space 1
nor a well-defined duration in time. However, as time goes on, a11 t'
systems change to a certain extent. This is ca11edprocess; if the change 1
is irreversible, the process is called historical. ',l

Here a further distinction must be made, between open and closed ,~
systems. An open system (a11living systems) is always dependent
upon an environment with which it can exchange matter, energy and
information. Its main characteristic is its organization which is
controlled by information and fuelled by some form of energy. Other
qualities are that they are selective and within certain limits, self-
regulating. Proceeding up in a hierarchy of system levels, the systems
become more and more open when they engage in a wider interchange
with a greater variety of aspects of the environment. More complex
systems move toward growth and expansion when they tend to
import more matter and energy than is required for the output.
This should not be taken as a contradiction of their strive for
dynamic equilibrium. The ever existing dynamics makes a system
understandable only over time.
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.Cornmon characteristics of an open system has been defined by
Katz and Kahn (1966) according to the following ten points:

• Importation of energy
• The throughtput
., The output
• Cycles of events
• Negative entropy
e Information input and the coding process
~ Equilibrium and dynamic homeostasis including adaptation
• Differentiation (elaboration, complexification)
• lntegration and co-ordination
• Equifinality

The closed system (e.g.the biosphere) is openíor input of energy
only. The differences between open and closed systems are relativé.
An organism is a typical example of an open system but, taken
together with its environment, it may be considered as a closed system.

Expressed in terms of entropy, open systems are negentropic, that
is, tend toward a more elaborate structure. As open systems, organisms
which are in equilibrium are capable of working íor a long time by .
use of the constant input of matter and energy. Closed systems,
however, increase their entropy, tend to run down and can therefore
be called 'dying systems'. When reaching a steady state the closed
system is not capable of performing any work.

An isolated system is one with a completely locked boundary
closed to a11kinds of input. lndependent of its structure or kind, it
is constantly increasing its entropy into a final genuine steady state.
While this concept is very seldom applicable in the real world, the
cosmos is the environmentless, isolated system context for a11the
other systems which may arise within it.

The systems that we are interested in exist within an environment.
The immediate environment is the next higher system minus the
system itselí. The entire environment includes this plus a11systems
at higher Jevelswhich contain it. Environment may also be defined
as both that which is outside of the direct control of the system and
any phenornenon influencing the processes and behaviour of the
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system. The environment can exert a degree of control over the system 1
but cannot be controlled by the system. ~

For living systems, however, environment must be seen as a part;~
of the organism itself. The internal structure of living organisms :i
contains elements which earlier in the evolution were part of its ~'
external environment. Thís is confirmed, among other similarities, '1
by the chemical composition of blood and sea water. A system's$
envíronment has no boundaries nor needs any.tl

Environment is something which exists in a space, a concept which 1
~sdefined with .respect. to the kin~ of system inf~cus. Pragmati~ sp~ce J
lS that of physical actíon which mtegrates a living system with its t,
natural, organic environment. Perceptual space is that of immediatel,
orientation, essential for the identity of a conscious being. Existential ,t
space forms a stable image of an individual environment and connects ..1
it to a social and cultural identity. Cognitive space is the conscious 1
experience of the physical world, while logical or abstract space belongs 1" .• ,

to the world of abstract or conceptual systems, thus providing us
with a tool to describe the others. l·

Through the constant interaction between system and environment, l
environment affects systems and systems in turn affect the .~
environment. When it comes to social systems, this interaction is 1
especially pronounced. Its scope is suggested in the following pairs. "

~
Living system Environment! ¡;
- Society - Nature¡,'

We - Themi
- Self - The other t
- Ecro - Id Io ,

Mind - Body ,
- Consciousness - Subconsciousness,

1
t
t
1~
t

1
1

In order to define a system' s environment, its boundary must be
defined. The boundary surrounds the system in such a way that the
intensity of interactions across this line is less than that occurring
within the system. Often a non-spatial marker, it denotes what does
or does not belong to the system. To cross a boundary normally
requires modification or transformation in some way. In the case of
information, boundaries possess a coding and decoding property. In
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6ther words that which comes out is very seldom identical with that
which goes into a system. As systems do not always exist boundary
,to boundary, the concept of interface is necessary to denote the area
.between the boundaries of systems.

As rare as the concept of a dosed system is that of a solitarily
existing open system. Generally, systems are part of other systems
and are induded in a hierarchy of systems. Systems theory regards
the concept of hierarchy as a universal principle existing in inorganic
nature, in organic and social life and in the cosmos. Virtually all
complex systems recognized in the real world have the tendency
to organize hierarchically. An easily comprehensible example of
hierarchy is the phenomenon of science. In Figure 2.2, it is shown
how large objects are made of smaller ones. Here the science of the
small object explains the larger one in a kind of logical reductionism.,
Note that the higher levels have qualities not predictable from the
lower ones (See page 64). In living systerns, a hierarchical structure
improves its ability to learn, evolve. and adapt. Sometimes, the term
heterarchy is used to denote the opposite of hierarchy and a structure
without different levels. In the heterarchy, processes are governed by
a pluralistic and egalitarian interplay of al! components. Systems

SCIENCE DEALING WITH

I SOCIOLOGY ! I COMMUNITIES !

made of

I PSYCHOLOGY ! I INDNIDUALS !

made of

I PHYSIOLOGY - I I ORGANS 1

made of

I CYTOLOGY ! I CELLS I

made of

I BIOCHEMISTRY ! I BJOMOLECULES !

made of

I ATOMIC PHYSICS] I ATOMS !

made of

IPARTICLE PHYSICS! ELEMEl'<1
PARTICLES

Figure 2.2 A hierarchy of science.
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theorist tend to say: within each level, heterarchy; between each level,
hierarchy. A hierarchy is normally a control hierarchy and therefore
becomes structurally simpler when moving upwards as higher levels
are structurally simpler than lower ones. The higher levels control
certain aspects of the behaviour of subsystems. Thus, less complex
systems control more complex ones. Selective disregard on a higher
controlling level is a general property of control systems. Emergence
of higher control levels therefore is a simplification of system
functions. A hunting pack of hyenas are both functionaIly and
structurally simpler (as a group) than the individual hyena. The
individual is, taken as an inclusive total system, more complex and
more unitary. GeneraIly, evolution always moves from the lower to
the more complex type of system, and from the lower to the higher
level of o.rganization. In an organism .only the whole can display
wiÜ - none of the parts can. The parts have a low degree of freedom.

In a hierarchic structure, subsets of a whole are ranked regressively
as smaller or less complex units until the lowest level is reached. The
lowest level elements build subsystems that in turn structure the system,
which itself is a part of a superior suprasystem. The ranking of these
ís relative rather than absolute. That is, the same object may be
regarded as an element, a system or a component of the environment,
depending on the chosen frame of reference. See Figure 2.3.

, , '-,
r,

, '1

,~

~~

Figure 2.3 A multilevel systems hierarchy.
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Hierarchical thinking creates what has been called the paradox of
,hierarchy. It implíes that a system can be described if regarded as an
dement oí a larger system. Presenti ..'lg a given system as an element
of a larger system can on1y be done ti this system is described as a

system.A more elaborate hierarchical terminology used in this context is:

_ macrosystem
- system
- subsystem
- module
- component
- unit
- part

At a given level of the hierarchy, a givén system may be' seen as
being on the outside of systems below it, and as being on the inside
of systems above it. A system thus has both endogenous and exogenous
properties, existing within the system and determined outside of the
system respectively. Again, as above, the status of a component in a
system is not absolute: it may be regarded as a subsystem, a system
or an element oí the environment, In order to carry out their functions
in a suprasystem, subsystems must retain their identities and maintain
a certain degree of autonomy. A process whereby the interaction
increases in a certain part of the system often ends up in a new local
structure. This is called centralization and small variations within this
part can produce essential changes of the whole svstem. However,
like a chain. a hierarchy is never stronger than its weakest point, the
topo lf the top disappears, nothing will work.

Another kind of hierarchic view is expressed in the holon (from
wholeness) concept, comed by the Hungarian-born author, Arthur
Koestler, in 1967.wholes and parts do not have separate existences
in living organisms or social organizations, These systems show both
cohesion and differentiation, Their integrative and self-assertive
tendencies exist side by side and are reflected in their co-operative
behaviour. This 'Janus' effect (from the Roman two-faced god [anus)
is a fundamental characteristic of subwholes in all kinds of hierarchies.

'.
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Figure 2.4 Integrative and assertive relationships of a holon represented by circles.

Theglobal structure of the holon hierarchy is nested. At least five
levels are discernible in Figure 2.4.

Normally, the term wholeness applied to a system indicates the
following: variation in any element affects all the others bringing
about variation in the whole system. Likewise, variations of any
element depend upon all other elements of the system. In a sense,
there is a paradox of wholeness telling us that it is impossible to
become conscious of a system as a wholeness without analyzing its
parts (thereby losing the wholeness).

The concepts of hierarchy and wholeness are especially relevant
in living things where organisms at each higher level of complexity
originate as a symbiosis of those from the previous levels. This is
demonstrated in Figure 2.5 where different organisms are shown at
each of the four levels.

Systems can be interrelated in a non-hierarchical way when part
of a multílateral structure. This situation exists when certain elements
occur simultaneously in many systems. See Figure 2.6.

In a system, elements can be interconnected during a certain
period of time. If the connection exists during only one specified
time the multilateral structure is called temporal. lf the connection is
intermittent, the structure is called cyclic.

The concept of system can be applied to a vast number of different
phenomena: the solar system, the academic system, the nervous

-,T;I1IiIn=l .':nwmrwns r .••. ---
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Figure 2.5 An organism regarded as the wholeness of organismic symbiosis.
. - ,-

Figure 2.6 System element as part of a multilateral structure.

system, etc. A characteristic of them al} is that the whole is greater
than the sum of its parts, a phenomenon often referred to as the
system principIe. This principle inc1udes the system' s emergent properties
or its synergetic effects. Synergetic comes from the Greek word íor
'working together'. Water can illustrate an emergent phenomenon:
although hydrogen and oxygen individual1y nave no water-qualities,
water will emerge when the two eIements are brought together.
Emergent properties are lost when a system breaks down to its
components. Life for example - does not exist in organs removed
from the body. Also, when a component is removed from the whole,
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that component itself will lose its own emergent properties. An eye
removed from a body cannot see any longer. Emergence thus is the :i
creation of new organized wholes which forces their subsystem to ,~
obey a ~et of critical boundary-conditio.n~. In a hierarchy, emergent f
properties denote levels under the condition that an emergent whole .
at one level is merely a component of an emergent system at the next,
higher leve!.l

The genesis of emergent properties can hardly be explained'
in advance and not be deduced from a system's elements. If the¡
prerequisites had been slightly otherwise something quite other may 1.
have happened. To promote emergence can only be done by the :1
creation of a richness of v~riation.f

A suprasystem taken as a whole displays greater behavioural ..¡
variet¿r..a~d opti~ons than its component systems, that .ís. it is more .~''l--
synágetic. Each system has a special organization that is different ~t
from the organization of its components taken separately. 'í

The evolutionary process by which new adaptive capabilities "
and Iúgher levels of complexity and control are generated in a system '.
is called metasystem transition (Turchin 1977). This emerges when •.
a new level of control arises that manages many individually pre- 'l
existing processes. The controlling subsystems are integrated into .•
a metasystem and brought under a new higher control leve!. A '. ,
metasystem, transition can take place over a scope which is a ,¡¡:

substructure of the considered system. Thus, formation of an army 1
••. fr.om conscripts is a typical metasystem transiti~n. It results in a new i

hierarchy of control where autonomous individuals are put under j
the command of officers. Turchin predicts that the next large i
metasystem transition will produce an intergrated system that includes 'í
the whole of humanity. .

Normally systems show stability, that is, constancy of structure
and function under fluctuation, which maintains the same internal
state under various pressures. Systems which can restore their stability
by changing operation rules when important variables exceed their
limits are said to be ultra-stable. Stability then does not exclude
adapiabilitu, only systems which change with time and adjust to
environmental pressures can survive. A system can never be optimally
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adapted to its environment since its evolution itself will change the
environment so that a new adaption is needed. In an evolutionary
process, no absolute distinction can be made between system and
environment. What is system for one process is environment for
another.

In open systems, for example, biological and social systerns, final
states or objectives may be reached in different ways and from
disparate starting points. This property of finding equally valid ways
is called equifinality. The reverse condition, achievement of different
ends through use of the same means, is called multifinality.

A basic concept in GST is that of entropy. Originally imported
from the area of thermodynamics, it is defined as the energy not
available for work after its transformation from one form to another
(see also .P. 12). Applied to systems it is defined as a measure of the
relative degree of disorder that exists within a closed system at a
defined moment of time. The natural tendency of physical objects to
disintegrate and íall into random distribution can be studied in a
sand castle built on the beach on a hot day. How biological organisms
deteriorate as they age can be seen everywhere in our environment.

Both examples relate to fue effects of entropy, of the transformation
of energy from high quality to low. Living systems can however,
as open systems, counteract this tendency through purpose and
organization, by importing more energy from their environment than
they expend to it. 5toring the surplus energy in order to survive is to
reverse the entropic process or to create negentropy. A living being
can only resist the degradation of its own structure. The entropic
process influencing the structure and environment of the whole system
is beyond individual control.

Systems may be classified according to type of complexity, as has
been done by Warren Weaver (1968).

In the organized-complexity system, the typical form for living
systems, only a finite but large number of components will define
the system. Systems within this category can also be classified as
middle-number systems. When a limit is reached, the living system
decomposes into irreducible particles. As stated earlier, the total
system always represents more than the sum of its parts, This type

l
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of complexity cannot be treated with the statistical techniques that so
effectively describe average behaviour within unorganized complexity.
Successful investigations of organized complexity became feasible
first with the emergence of computer technology.

The unorganized-complexity system can only refer to non-living
systems where the number of variables is very large and in which
each variable has a totally unpredictable or unknown behaviour. The
system has, nevertheless, orderly average properties and may be
defined in terms of a probability distribution according to an infinite
number of events. Its behaviour can be explained by the laws of
statistical mechanics and its components may form aggregates. The
frequency and type of telephone calls in a large telephone exchange
offer a good example.

The organized-simplicity system isc;haracterized by simple
systems such as machines and other human artefacts having only a
small number of components. This kind of system may be treated
analytically.

A similar classification of systems has beenmade by Herbert Simon
(1968).He distinguishes decomposable, nearly decomposable and non-
decomposable systems. In a decomposable system the subsystems
can be regarded as independent of one another. A given example is
helium, an inert gas: the intermolecular forces will be negligible when
compared to,the intramolecular forces. In near decomposable systems
the interaction between the subsystems is weak but not negligible.
The intercomponent interactions are usually weaker than the
intracomponent interaction. Organizations may be considered to be
near decomposable. Non-decomposable systems are directly
dependent on other systems or explicitly affect them. A heart/lung
machine is such a system.

Another classification of systems is made on the basis of their
behaviour or function. A classification of this kind has been made by
the doyen of management research, Russell Ackoff (1971). According
to this, goal-maintaining systems attempt to fulfil a pre-determined
goal. lf something deviates, there is only one response (conditional)
to correct it. Here, the thermostat and other simple regulatory
mechanisms can serve as examples.
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In goal-seeking systems choices concerning how to deal with
variable behaviour in the system are possible. Previous behaviour
stored in a simple memory permits changes based on learning. The
autopilot meets the requirements: it maintains a preset course. altitude

and speed.
Multigoal-seeking systems are capable of choosing from an

internal repertoire of actions in response to changed external
conditions. Such automatic goal changing demands distinct alter-
Flatives; generally the system decides which means of achievement
are best. A prerequisite is an extended memory with the ability to
store and retrieve information. The automatic telephone exchange is

a good example.
Reflective, goal-changing systems reflect upon decisions made.

Wormation collE!ct~dand stored in the mernory is examined for the
creation of new altematives for action. Will, purpose. autonomy,
feedforward (see p. 81), learning and consciousness define this process,
existing only within living systems.

Another often used system dichotomy is that of static and
dynamic systems. A static system is a structure which is not in itself
performing any kind of activity. A dynamic system has both structural
components and activity. Examples of such systems are respectively
a radio tower and a military squad with its men. equipment and

orders.
Some other special categories of systems which need to be

mentioned are the irrational and null. Both violate the principIe of
causality (see p.14) and cannot be handIed by way of rational
judgement. In the irrational system there is no correspondence
between input and the presumed system response. In the null system,
a11input produces no output or an output is produced without
significant input. While both systems are also unmeasurable systems,
we must first be aware of the difficulties often involved in identifying
complex system flows. 'Occult behaviour' sometimes has a very

natural cause.
Sometimes it is necessary to apply some basic mathematical criteria

to the concept of systems. For a continuous system, the input can be
continuously and arbitrarily changed; the result will then be a
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continuous variable output. In a discrete system, the input is changed
in discrete steps, giving corresponding discrete changes in the output.

It may also be necessary to distinguish between deterministic and
stochastic systems. According to the principle of nature' s predictability
(see p. 16), the deterministic system has inputs and outputs capable
of being interpreted and measured on a single-event basis. The output
will be the sarne for each identical input; repeated trials will always
give the sarne results. The stochastic system works instead with
identical inputs and its elernents cannot be retumed to their original
state. The factors influencing the system obey uncertainty and
statistical variation. Nonetheless, if appropriate stochastic analysis is
employed, systemic behaviour may be possible to predict.

Finally, a distinction has to be made between sirnulative and non-
sirnulative systems. Extremely small changes in the input into systems
which are' large-scale, complex and' non-linear are often amplified
through positive feedback. Such changes can thus initiate exponential
transformations of the whole system. An example of a non-simulative
system is global weather, characterized by deierminisiic chaos. The
system sensitivity for initial data eludes prediction. Furthermore, any
physical system that behaves in a non-periodic way is unpredictable.

The 'butterfly effect' where the flaps of the wings of a butterfly
start a movemerit in the air which ends up as a hurricane has
fascinated ~any and captures the unpredictability of non-linear
systerns. No computer program exists which can model this system.
Such a program would be just as cornplex as the weather system
itself. Therefore, some meteorologists say that the only computer
capable of simulating the global weather is the Earth itself, the ultirnate
analogue biocomputer.

In a simulative system the complexity of the cornputer program
always falls far below the complexity of the system sirnulated.

Let us finally have a look at systems in their most general forrn
when they involves nature, man, society and technology and use
Harold Linsione's (1984) combinations.

e man - a biological system
• nature - the solar system
• technology - a cornrnunication satellite
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" nature/technology - a waterwheel
..~ rnanl society - a legal svstern
'a nature Iman/ society - a primitive village
la man/ society / technology - an inforrnation systern

*
Cybernetics and concepts defining systems processes

In order to predict the behaviour of a rational systern before a certain
!esponse from it occurs, it is essential to have sorne knowledge of
$eneral control mechanisms. Although automatic control systems have
been documented in the Western field of engineering for sorne 2000
years. the working theory of these has been lirnited and seldorn used
outside of engineering. (The Greek Ktesibios invented in 3'00Be an
autornatic control device: the water flow that controlled his water
dock, or clepsydra.)

In his book dating from 1948, Cybernetics or Control and
Communicaiion in the Animal and the Machine, Norbert Wiener, an
American researcher at MIT, gave control theory new life. As a
mathematician and universal thinker his fascination for logic and
'electricity intertwined with his insight in autornation led to the ideas
of cybernetics. The term cybernetics is derived from the Greek noun,
kuoerneies, which associates to pilot or rudder.

One of the oldest automatic control systems is in fact related to
the turning of a heavy ship' s rudders: the stearn-powered steering
engine. This supportive mechanism was called a servo (from the Latin
servitudo from which English has its servitude and slave). The
effectiveness of servomechanisms is based on the fact that it has no
choice and can onIy react in a predefined rnanner to events in its
envirorrment.

In his book Wiener intended cybernetics to embrace universal
principIes relevant for both engineering and living systems (One of
these principies is that al! the processes in the universe seern to be
cyclic). H~ did succeed in showing that these principies could fruitfully
be applied at the theoretical level in al! systerns, independent of any
specific context.
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Shortly after cybemetics emerged as an independent area of its
own, it became part of eSTo For practical purposes, the two areas
were integrated within the wide domain of different problems that
became the concern of systems science.

The field of cybernetics carne into being when concepts of
information, feedback, and control were generalized from specific
applications, like engineering, to systems in general, including
living organisms, abstract intelligent processes and language. Thus
cybernetics named a field apart from, but touching upon, such
established disciplines as electrical engineering, mathematics, biology
neurophysiology, antropology, and psychology. By use of cybernetics
the rich interaction of goals, predictions, actions, and response
were brought together in a new and fruitful way. The attraction of

_.._cybernetics was that it brought order and unity to a set of disciplines
that otherwise tend to be pursued as relatively dosed specialisms.

Philosophically, cybemetics evolved from a constructivist view of
the world (see p. 57), where objectivity derives from shared agreement
about meaning. The world is invented by an intelligence acting in
a social tradition, rather than discovered. Thus information (or
intelligence) is regarded as an attribute of an interaction rather than
a commodity stored in a computer. It is something that is used by a
mechanism or organism (a system), for steering towards a predifined
goal.

From its start, cybernetics has been concerned with error s in
complex systems of control and communication. In cybernetics, the
concepts of control and communication are closely interrelated.
Information concerning function and control is cornmunicated among
the parts of a system but also between it and its environment. This
has the aim of achieving a condition of equilibrium which is the
maintenance of order. In living systems, this holding of physiological
variables within certain limits is called homeostasis. Cybernetics,
then, concems the restoring of stability within all kinds of systems.
Stability in this context is the opposite of a steady-state which means
the maintenance of entropic randornization - being the most stable
and statistically probable state. Themodynarnical steady-state is the
hallmark of a non-living world.
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The fact that cybernetic control systems operate with a low, often
insignificant, expenditure of energy means that their degree of
efficiency is high. This is possible inasmuch as their basic fnnction is
to process information, not to transform energy. Cybernetic regulation
must not be confused with any amplification of the affected flow
which may happen when amplification exists as welL

Cybernetic control is normally exercised with some defined
measures of performance. Three often used measures are the
following:

• Effectiveness. This is a measure of the extent to which a system
achieves its intended transformation.

• ,Efficiency. The measure of the extent to which the system achieves
its intendedtransformation with the minimum use of resources.

;- Efficacy. A measure of the extent 'to which the system contributes
to the purposes of a higher-level system of which it may be a
subsystem. ".

To understand the concept of control from a cybernetic perspective,
some further distinctions are necessary. Control can be defined as a
purposive influence toward a predetermined goal involving continous
comparision of current states to future goals. Control is:

• Information processing
• Programming
• Decision
• Communication (reciprocal)

A program is coded or prearranged information that controls a
process (or behavior) leading it toward a given end. Teleonomic
processes are always guided by a programo Generally, it makes sense
to speak of the following standard programrning levels:

• DNA and genetical programming,
• The brain with its cultural programming.
• The organisation with its formal decision procedure.
• Mechanical and electronic artifacts with their algorithms.

Adaptation and development demands reprogramrning.


