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’Reality is not only stranger than we conceive but stranger than we 
can conceive.’ (J.B. HaZdane) 

hile man and his situation are the central focus of all social W and humanistic sciences, each science pursues its studies from 
a certain point of view. Political science concentrates on the society’s 
political and administrative organization. Business economics is 
concerned with the commercial organization, geography with the 
physical structure and philosophy with the pattern of thought, views 
of life and ideologies, to name some examples. 

Systems science too has its specific point of view: to understand 
man and his environment as part of interacting systems. The aim is 
to study this interaction from multiple perspectives, holistically. 
Inherent to this approach is a comprehensive historical, contemporary 
and futuristic outlook. 

Systems science, with such an ambition and with its basic Systems 
Theory, provides a general language with which to tie together various 
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areas in interdisciplinary communication. As such it automatically 
strives towards a universal science, i.e. to join together the many 
splintered disciplines with a 'law of laws', applicable to them all and 
integrating all scientific knowledge. Systems science can promote a 
culture wherein science, philosophy and religion are no longer 
separated from each other. 

To engage oneself in systems science is therefore a highly cross- 
scientific occupation. The student will come in contact with the many 
different academic disciplines: philosophy, sociology, physics, biology, 
etc. The consequent possibility of all-round education is something 
particularly needed in our over-specialized society. 

Contributions concerning all-round education include thoughts 
put forward by a number of distinguished people. Franqois VoItaire 
once said: 'Education is the only quality which remains after we 
have forgotten all we have learned'. Oscar Wilde said in one of his 
plays: 'Education is a good thing but it ought to be remembered that 
nothing which is worth knowing can be taught.' A Swedish proverb 
tells us that: 'Education is not something which can be learned; it is 
something you acquire.' 

In the following pages some Western system-theoretical outlooks 
and theories will be presented together with central concepts 
(the Eastern world has its own tradition although science is an 
offspring of Western civilization as a whole). Some philosophical 
aspects will also receive attention. The broad spectrum of knowledge 
will be introduced according to the funnel method: much will 
be poured in, but the output will be a defined flow of systems 
knowledge. 

The natural starting point should be in the golden age of Greece, 
the cradle of Western modern human science. Beginning in the Middle 
Ages will (besides keeping the number of pages down) suffice to 
provide the background necessary to understand the origin of systems 
thinking and the subsequent development. 
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The scholastic paradigm 

First we must realize that beliefs and knowledge in any era are 
influenced by concomitant time-dependent paradigms. That the 
medieval world view could be described with the help of the 
scholastic paradigm satisfied contemporary needs. Although this 
paradigm may be characterized as prescientific, it was a complete 
philosophy which wove together morality and heavenly systems with 
physical and worldly systems, creating one entity. This amalgamation 
was based on the following propositions, the aim of which was to 
join belief and knowing: 

Nature was alive and thus mortal, vulnerable and finite. 
The universe and the nature of time was possible to understand. 
Salvation of the soul was the most important challenge. 
Natural sciences were subordinate to theology. 
The goal of science was to show the correlation between the world 

Knowledge was of an encyclopaedic nature, classified and labelled. 
The structure of society was influenced by Heaven and reflected a 
divine order. The cruciform medievial city was not only functional, 
in addition, it was a religious symbol. 

and spiritual truth. 

Scientific development was thus acknowledged only when it 
supported religion. Religion was considered the superior interest and 
had the priority in a clash of interests. To pursue science in this era 
was most often the same as profound interpretations of old religious 
texts. The existing method with which to explain the complexities of 
phenomena was insight or revelation. Divine order and truth was 
revealed to human beings through the Church. Curiosity as such was 
a sin and when the first universities emerged, it was in order to 
maintain the knowledge which was acquired through or given by 
God. Observation, recording, experimentation and drawing objective 
conclusions were not encouraged. Nature was viewed as an organism 
created by God; to destroy Nature was to commit a sin. The natural 
forces were beyond human control; any protection from them would 
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come from God or from witchcraft. Natural phenomena not 
understood were given a supernatural explanation. 

Every man was considered to have his place in the divine order. 
To question or change this order was a rebellion against nature and 
society, both creations of God. Worldly poverty was compensated 
with heavenly happiness and the sinful abundance of wealth was 
punished by the horrible fire of hell. 

In the scholastic conception, goal-seeking or teleology, was an 
important concept. It was considered built into nature: stones fell to 
earth because they belonged to the earth and strove to join their 
origin and come to rest. The flower strived to bloom in order to bear 
fruit etc. Also the static explanation of world order according to the 
second century AD astronomer Ptolemy was predominant. 

No difference was made between reality and dream, between fact 
and judgement. Alchemy was not distinguished from chemistry, nor 
astrology from astronomy. Reason was often regarded as something 
irrelevant or offensive to the mysterious existence. The connection 
with reality was unformulated, imprecise, implicit and indeterminate. 
In physics, for example, one spoke about the four (later extended to 
six) basic substances. They were: 

- Earth 
- Water 
- Air 
- Fire 
- (Quintessence, including ether) 
- (Magnetism) 

To these basic substances or elements were associated certain 
genius. The gnome belonged to the earth, while the undine belonged 
to the water. The syIfprotected air and the salamander fire. The elements 
had a natural position in the world with fire uppermost, thereafter 
air, water and at the bottom earth. They also had natural qualities 
like warm (fire), cold (air), moist (water) and, dry (earth). Moreover, 
all elements had their own, distinct geometrical marks (the Platonic 
bodies). 
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Psychology as a formal science was unknown. Mental qualities, 
such as satanic, demonic, human, angelic, divine, were nevertheless 
recognized, as were the following manifestations. 

Deadly sins: Cardinal virtues: 

- Pride - Prudence 
- Covetousness - Fortitude 
- Lust - Temperance 
- Envy Divine virtues: 
- Gluttony - Faith 
- Anger - Hope 
- Sloth - Love 

- Justice 

(Note that the virtues balance the sins.) 

The Greek physician Galenos (131-201) produced a classification 
of human beings. According to him, each individual belonged to one 
of four classes defined by what kind of 'body fluid' was predominant. 
A certain connection between body fluid and type of personality was 
considered to be highly significant. 

Dominant fluid: Type of personality: 
- Blood - Sanguine 
- Yellow gall - Choleric 
- Black gall - Melancholic 
- Slime - Phlegmatic 

An upset in the balance between the bodily fluids was considered 
to be the cause of an illness. 

Despite of prevailing mysticism, it would be a mistake to consider 
the mentality of the Middle Ages as primitive. Behind this disregard 
for the physical world and the world of men lay the image of human 
existence as a trial. Life was considered to be a journey to heaven. 
The seemingly austere existence was abundantly compensated for by 
a rich mental life and a far-reaching spiritual imagination. The 
scholastic world-view created harmony between existing belief and 
science of its time and between physics and metaphysics. 

* 
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The Renaissance paradigm 

With the coming of the 16th century, the prescientific stage is 
succeeded by one in which science is acknowledged as capable of 
describing phenomena, as a route to knowledge. The introspective, 
absorbed mentality of scholasticism left room for a rediscovery of the 
external reality. Learned men began to understand the value of careful, 
reiterated observations and a careful methodical analysis when 
confronted with guesses, preferences, inspirations or revelations. 
Science itself became a source for the development of new 
technologies. A growing respect for facts tested in valid experiments 
and a proficiency in the communication of knowledge and opinions 
emerged. Teleological explanations of observed regularities in human 
environment (the idea that physical systems are guided by or drawn 
towards a final goal), earlier seen as a norm for various phenomena, 
were gradually abandoned. In place of those, laws of Nature came to 
be formulated on a mathematical basis and deduced from mechanical 
observations. By this means only factors directly influencing the course 
of events were considered and the explanatory attitude was replaced 
by a descriptive outlook. The foundation of what has been called the 
scientific revolution with the mathematical-physical way of thinking 
and its experimental method, was put in place. 

A new possibility to cope with human existence was introduced 
with the emergence of increased knowledge in astronomy. With the 
discoveries of Nicolaus Copemicus (1473- 1543) the geocentric world 
view was slowly abandoned in favour of a new heliocentric theory 
for the movements of celestial bodies. Influenced by earlier aesthetic 
preferences he continued to consider all planetary movements to 
be perfectly circular. Thoughts about an infinite Universe and 
world multiplicity vindicated by the philosopher Giordano Bruno 
(1548-1600) were considered to be so provocative by the church that 
he was sentenced to death and burned at the stake. Tycho Bruhe 
(1546-1601) developed a newly elaborated technique for observation 
of planetary movements thereby improving the theory. His 
achievement is implemented by Johnnnes KepIer (1571-1630) to prove 
the elliptic nature of planet orbiting (The three laws of Kepler). 
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Through the invention of the telescope by Galileo Galilei (1564- 
1642) it is possible to have a more realistic perspective on the planet 
Earth. The Earth can no longer be seen as the centre of all phenomena 
when it is one among several planets moving around the sun. The 
discovery of huge numbers of stars proved that the universe is both 
larger and more diverse than decreed by the Church and theologians. 
Teleological explanation of motion was discarded and motion is now 
seen as a force acting on bodies rather than these body’s striving to 
join an origin. In the thoughts of Galilei we see the beginning of the 
mechanistic world view and the separation between religion and 
science. ’The world of nature is the field of science’. 

Thanks to his experimental and mathematical approach, Galilei 
was considered to be the first modern scientist. As a researcher he 
differentiated between quantitative and qualitative properties. The latter, 
like colour, taste, and smell were descriptions for things existing only 
in our consciousness and therefore unfit for use within science (which 
had to be pursued by universal data originating from the objects). 
Questions like ’why’ were more and more replaced by questions like 
‘how’. 

Another researcher, Rent! Descartes (1596-1650), a contemporary 
of Galileo, contributed his integrated philosophy from chaos to 
cosmos. He is considered the first rationalist and extended the 
separation between religion and science to one between body and 
mind, dualism. Descartes differs between the body which belongs to 
the objective world of physical reality and that which belongs to the 
subjective world of the mind with its thoughts and feelings. The 
dualism implies that body and soul is separated from each other but 
is also in a ranking order, a kind of control thinking. The soul is 
what commands and body (the nature) is what has to obey. This 
fundamental breach between subject and object became the starting 
point for the category-thinking of modern society. Dichotomies like 
man and nature, spirit and matter, male and female became part of 
western thinking. 

From here on, the Western religious tradition holding human 
beings as something unique in this world and perhaps in the universe, 
began its implacable retreat. Human consciousness no longer mirrors 
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a divine origin, only itself. Old religious authorities were succesively 
replaced by other sovereignties and theological models of explanation 
were changed to scientific. 

Most of the natural phenomena surrounding man seemed 
however still to be inexplicable, i.e. without apparent causation. 
The explanations offered were of a purely superstitious nature. In spite 
of this, it was generally believed, as a principle if not in practice, that 
a complete understanding of the world is possible. When the 
Renaissance scientist looks about he sees his own world as a relatively 
small island of certainty surrounded by a sea of accepted mystery. 

The birth of modern science must be seen in relation to the power 
of the church. The influence of the papal theocracy and the religious 
world view influenced the course of development. There was very 
little difference between priests and learned men. The trials of 
Giordano Bruno and Galileo Galilei showed that science was in danger 
if it interfered with social questions, that is, the domain and the 
authority of the Pope. Science had to declare itself independent and 
neutral, and concepts such as impartiality and objectivity soon became 
its hallmark, influencing modern civilization much more strongly 
than religion. The religious imperative of man’s supremacy over 
himself was successively superseded by the scientific imperative of 
the human right to supremacy over nature. In our time, at the end of 
the 20th century, the concept of objectivity and impartiality is still 
relevant - if we acknowledge its limitations. 

At the time of the scientific revolution, the European university 
was firmly established and considered as a conduce to rapid 
development. The first universities were a further development of 
a number of cathedral schools and had no intentions to be the 
servant of society. The aim of the professors, teachers, and students 
was to take advantage of their own interests and protect the activity 
against encroachment from both church and state. The resulting 
alliance became an organization so successful that it survived half a 
millennium. The university as a neutral zone, relatively free from 
religious and government authorities and with its own administration 
of justice, could offer a sanctuary of freedom. 

* 
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The mechanistic world and determinism 

In the beginning of the 18th century, the view that we today call the 
'scientific world view' was firmly established in European society, 
albeit dressed in clothes of its own time. Tradition and speculation 
were replaced by rationalism and empiricism with the assumption that 
natural phenomena can and must be investigated and explained. 
The inexplicable was only a matter of 'undiscovered science'. The 
conception was that reality is determined, exact, formulated, explicit 
and that it is possible to control the natural forces. 

The image of the world changed to that of a machine and the 
ambition of science was to dominate and conquer Nature. Such an 
entirely material world could be treated as if it was dead, letting 
man be the possessor and master of his environment, including all 
plants and animals, and even permitting the expansion of slavery. 
This world was also separated from the moral world with which it 
had been one during the medieval era. The spiritual and physical 
order which were synthesized within the Natural Law (now seen 
as a mathematical/physical entity) were still influencing the whole 
universe. All the mysteries of nature can now ultimately be explained 
in mechanistic terms. 

The physical world formed a machine wherein every subfunction 
could be calculated and events in one part of the universe have 
consequences for all other parts. In this classic determinism, to every 
effect there is a cause and to every action there is a reaction. Cause 
and event initiate a chain of interrelated events. In this eternal 
continuum, annihilation of matter/energy is impossible. 

'All things by immortal power 
Near or far 
Hiddenly 

To each other linked are 
That thou canst not stir a flower 

Without troubling of a star.' (F. Thompson 1897) 

Astronomy became the symbolic area for a materialistic world 
philosophy: a mechanistic universe of dead bodies passively obeying 
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the order of blind forces. For many, mechanism had come to be the 
logical opposite to superstition. Even the general outlook on man 
changed and was mainly mechanistic. Men and animals were 
in principle nothing more than very elaborate mechanical beings. 
The human heart became a pump obeying pure thermodynamical 
principles within a hydraulic/mechanical system. Morality, free will, 
and thinking were explained as functions of the organization of matter. 
For example, in the famous book L’Homme machine from 1748 by the 
French philosopher La Mettrie. This mechanistic era is often called 
the Machine Age, a term rooted both in the world view presented 
here and in the central role played by machines in the industrial 
revolution. 

The most important name in mathematics/physics of this era is 
Isaac Newton (1643-1727). In his Pvincipia of 1687 concerning 
gravitation, Newton presents a working mechanistic universe, 
independent of spiritual order. In Newtonian mechanics the term 
initial condition denotes the material status of the world at the 
beginning of time. Status changes are then specified in the physical 
laws. Known positions and velocities for planets in our solar 
systems at one specific moment are thus enough to determine their 
position and velocities for all future time. Newton’s laws therefore 
automatically had determinism built into them. 

In Newton’s mechanical world-view there are distinct connections 
with cause and effect. Events and processes are causal, rectilinear, 
and predictable and have a determined direction of time. Such an 
intellectual view had to apprehend the universe like a gigantic 
machine with evident and pregnant rules. When the connections not 
are visible, there are either such correlations. 

Pierre Simon de Laplace (1749-1827), a follower of Newton, 
considered the univers to be a complex but understandable machinery. 
He became famous for his concept, the ’Laplace’s demon’. This demon 
knows the position and speed of every particle in the universe at any 
moment. Using Newton’s laws, it calculates both the past and the 
future of the whole universe. From that followed that all the problems 
in the universe could be solved by interpolation or extrapolation. 
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The idea of the universe as a clockwork mechanism was 
thus established. On this was founded the doctrine of determinism, 
implying the orderly flow of cause and effect in a static universe, a 
universe of being without becoming. Carried to its final extreme, 
superdeterminism was embraced by many of the scientists of the time. 
According to this world view, not even the initial condition of the 
universe could have been other than it was; it is determined exactly 
so by a determinism which determined itself. 

* 
The hegemony of determinism 

A uniform world view was emerging, expressed in mechanistic terms. 
It is possible to comprehend the universe, at least fundamentally. 
This clockwork universe, having been wound up by the Creator, 
works according to the internal structure and the causal laws of nature. 
The purpose and meaning, the very existence is put outside of the 
universe itself. The distinction of a clockwork is just that its meaning 
is external to the machine and only exists in the mind of its creator. 
As a clockmaker is to a clock, so is God to Nature. 

Clockwork was also presented as a central characteristic of the 
general principle ofcuusality: that every effect is preceded, not followed, 
by a cause. Just as one cogwheel drives and influences the other in 
a rational way, a measurable cause always produces a measurable 
effect in any rational system. Also, identical causes imposed upon 
identical rational systems, always produce identical effects. Thus one 
cause/effect relation explains all existence, where the first cause was 
God. 

Under these circumstances, the problem of free-will came to the 
fore: free will was claimed to be an illusion. Meaning and freedom 
of choice lost their purpose in a deterministic universe; they are not 
necessary to explain natural phenomena and human behaviour. The 
cause explains the effects completely. 

On the basis of this mental world view, reductionism became the 
pre-dominant doctrine. Reductionism argues that from scientific 
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theories which explain phenomena on one level, explanations for a 
higher level can be deduced. Reality and our experience can be 
reduced to a number of indivisible basic elements. Also qualitative 
properties are possible to reduce to quantitative ones. Colour can be 
reduced to a question of wavelength, hatred and love to a question 
of the composition of internal secretion, etc. Thus reductionism was 
inherent to all main fields of science, as is illustrated below. 

- in physics 
- in biology 
- in psychology : the archetype instincts 
- in linguistics 

: the atom with two qualities, mass and energy 
: the cell, the living building block 

: the basic elements of sound, the phonemes 

Reductionism in turn provides a foundation for the analytical 
method with its three stages. 

Dissect conceptually/physically. 
Learn the properties/behaviour of the separate parts. 
From the properties of the parts, deduce the properties/behaviour 
of the whole. 

Observations and experiments are the cornerstones of reductionist 
analytical methodology. Another prerequisite of this method is 
freedom from environment, that is, environment is considered to be 
irrelevant. The scientific laboratory concept standardizes, and thereby 
excludes, the environment. In this milieu, the effect of different 
variables - those being observed by the scientist - can be studied 
in proper order without influence from the environment. Here various 
hypotheses about nature are tested in order to arrive at approximate 
answers. Here the ultimate scientific activity is exercised; to describe, 
control, predict and explain the various phenomena. In this activity the 
scientist is presupposed to be outside of the experiment. The observer 
is not involved, at least ideally. The lodestar of the scientist becomes 
non-intervention, neutrality and objectivity. 

The basic metaphysical presumption behind the concept of the 
laboratory is that nature is neither unpredictable nor secretive and that 
it is computationally reversible. Predictability implies that the same 
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laws of nature are valid in all parts of the universe. It also implies 
that the physical states are influenced by laws, but not vice versa. 
Furthermore, the laws of nature are transfactual, that is, they are valid 
under all circumstances and not only under experimentally controlled 
situations. The laws of nature have no exceptions. By non-secrecy it 
is meant that all aspects of nature are in principle possible to reveal, 
albeit that this will sometimes take an extremely long time. The same 
experiment performed by different observers in different parts of the 
universe and at different times should always give the same results 
(intersubjectivity and repetitionality). Dissimilar results are attributed 
to human deficiency or deception and will be corrected through better 
precision of the experimental design. Computational reversibility 
implies that, given all necessary knowledge, it is possible to calculate 
what happened in a previous instance, that is, that nothing changes 
with time. 

Through analytical science The Scientific Method is established with 
its own approach in the following order: 

- reduction of complexity through analysis 
- development of hypotheses 
- design and replication of experiments 
- deduction of results and rejection of hypotheses 

This methodology, albeit still with its basic metaphysical 
assumptions, became the cornerstone of empirical science. It entails 
a rational, empirical process of inquiry from observation to the 
formulation of hypotheses and further via experiments to theory. Its 
strength (and also weakness in our time) is its exclusive consideration 
of relevant fact for what is in focus. An examination of weight thus 
entirely excludes the colour of the investigated object. Newton, for 
example, found out that gravitational attraction depends only on 
mass, not on colour or temperature. 

Thus the aim of the method was to bring about a fixed path 
reasoning appropriate for all kinds of problems. The person who 
uses it can be assured that he has not been outwitted by certain 
circumstances to believe something that he actually does not know. 
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Note, however, that a scientific accomplishment obtains a value only 
when it is unrestrictedly and officially communicated to others. 
Thanks to this implied fifth and imperative step of the methodology, 
comments and corrections of the result can be fed back to the 
researcher. This will initiate new ideas and experiments which in 
turn ensure that the accumulation of knowledge never halts. 

Classic empirical science is able to produce not only theories 
explaining existing phenomena but also theories revealing phenomena 
not yet discovered. It can even use methods which create unexplained 
theories in search of phenomena. Abstract elegant theories waiting 
for a practical application are part of the history of science. It is no 
overstatement to assert that the scientific method constitutes the 
foundation of the whole, modem development of society. 

This scientific method laid the ground for a certain kind of 
mentality and a marked homogenous world view based on the 
concepts of empiricism, determinism and monism. While empiricism is 
the doctrine that the universe is best understood through the evidence 
confronting our senses, determinism is the belief in the orderly flow 
of cause and effect. Monism implies the inherent inseparability of 
body and mind, a prerequisite in all European thinking. The above 
concepts taken together are often referred to as the Scientific Paradigm. 
In the study of electricity, magnetism, light and heat the Scientific 
Paradigm had great success. Within a short time general mathematical 
laws were formulated which show the interrelationship between the 
different areas. 

Human optimism grew rapidly: science was expected to give the 
ultimate answers to questions within all areas. Scientific positivism 
with its demand for 'hard facts' acquired through experience was 
brought into fashion by Auguste Comte (1798-1857). Concepts like 
cause, meaning and goal were weeded out of the natural sciences. 
Only a reality possible to observe with our senses and possible to 
treat logically can be accepted as a basis for reliable knowledge. The 
role of the scientist should be that of the objective observer, explaining 
and predicting. The collection of absolute facts and the quantification 
of these were the main occupations of the scientist. These facts should 
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be used to find general connections which in turn can be utilized in 
predictions of phenomena before they have occured. When the 
observation confirms the prediction the connection is verified. 

This positivist mentality can be summed up using the following 
concepts. 

Philosophical monism: Body and mind are inseparable. 

Objective reality: A reality possible to experience with our senses. 

Nominalism: All knowledge is related to concrete objects. 

Empiricism: All knowledge is founded on experience. 

Anti-normativism: Normative statements do not belong to science 

Methodological monism: Only one method of scientific research 

Causal explanations: Goals, intentions and purpose are irrelevant. 

In a way Comte laid the foundation of a social physics, the ultimate 
aim of which became the development of a technology for social 
engineering. Hereby human order and advancement could be secured 
for the future. 

The last remainder of metaphysics was now cleaned up when 
Charles Darwin (1809-1882) published The Origin of Species in 
1859. By this pioneering work, life itself got the conformity to scientific 
law which had been revealed in physics by Newton 150 years 
earlier. Left over was pure science - logical, empirical and with laws 
permitting predictions. 

At the end of this era of classical determinism, the mechanistic 
interpretation of thermodynamics led to new insights. The two main 
laws of thermodynamics were formulated through works of Rudolph 
Clausius (1822-1888), William Kelvin (1824-1907), Ludwig Boltzmann 
(1844-1906) and James Maxwell (1831-1879), the originator of 
Maxwell’s demon. This is a metaphysical thermodynamic being who 
apparently neglects the second law by decreasing the entropy into an 

Abstractions lack a real existence. 

as they are neither true nor false. 

exists, that given us by the scientific method. 
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isolated system. The concept of entropy was introduced as a 
mathematical formulated abstract condition, the physical reality of 
which retained a shroud of mystery. 

The first law of thermodynamics says: the total energy in the 
universe is constant and can thus be neither annihilated nor created. 
Energy can only be transformed into other forms. (The principle of 
conservation of energy with regard to quantity.) Nothing is destroyed! 
In a sense, this law had already been formulated 500 years B.C. by 
the Greek mathematician Pythagoras who said ’everything changes, 
nothing is lost’. 

The second law of thermodynamics states that all energy in the 
universe degrades irreversibly. Thus, differences between energy 
forms must decrease over time. Everything is spread! (The principle 
of degradation of energy with regard to quality.) Translated to the 
area of systems the law tells us that the entropy of an isolated system 
always increases. Another consequence is that when two systems are 
joined together, the entropy of the united system is greater than the 
sum of the entropies of the individual systems. 

The third law of thermodynamics, or the asymptotic law, states that 
all processes slow down as they operate closer to the themodynamic 
steady-state (making it difficult to reach that state in practice!). Of 
the three laws, the third is the one which is intuitively most easy to 
embrace. All people know how difficult it is to get something done 
in a messy environment. 

Potential energy is organized energy, heat is disorganized energy 
and entropy therefore results in dissolution and disorder. The sum of 
all the quantities of heat lost in the course of all the activities that 
have taken place in the universe equals the total accumulation of 
entropy. A popular analogy of entropy is that it is not possible to 
warm oneself on something which is colder than oneself. The process 
of human ageing and death can serve as a pedagogic example of 
entropy. Another common experience is that disorder will tend to 
increase if things are left to themselves (the bachelor’s housekeeping!). 
Note also that maximun entropy is maximum randomization. 

Inasmuch as there is a mathematical relation between probability 
and disorder (disorder is a more probable state than order because 
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there exists so many more messy states than ordered), it is possible 
to speak of an evolution toward entropy. Below some well-known 
expressions illustrates this process. 

Probability: Improbability: 
- Disorder - Order 
- Disorganized energy (heat) 
- Heat (low-grade energy) 
- Entropy - Negentropy (syntropy) 

- Organized energy 
- Electricity (high-quality energy) 

The above process derives from the second law of thermodynamics 
and has had a tremendous impact on our view of the universe. One 
consequence is to experience the world as indeterministic or as chaotic. 
The ultimate reality is the blind movements of atoms whereby life is 
created as a product of chance, and evolution is the result of random 
mutations. Another is that the Newtonian world machine has a 
persistent tendency to run down; the Creator must wind up the 
celestial clockwork from time to time. Any event that is not prohibited 
by the laws of physics should therefore happen over and over again. 

Today we can see how these perspectives, together with the image 
of the inevitable death of the universe, have significantly influenced 
philosophy, art, ethics, and our total world view. This image has 
inflicted upon the Western culture some form of paralysis. For the 
generations of researchers nurtured via this period's mentality, a 
physical eternity without purpose seemed to be the basis for all 
reality. For these people the Universe could be described as 'big and 
old - dark and cold', quoting the contemporary geologist George 
Barrow. The French physician Le'on Brillouin (1889-1969) sums 
everything up in his question 'How is it possible to understand life 
when the entire world is organized according to the second law of 
thermodynamics which points to decay and annihilation?' 

The era of determinism coincides with both the era of machines in 
the industrial revolution and the conservative Victorian culture. 
Human skills are increasingly taken over by machines; the remaining 
manual tasks are broken down into a series of simple and monotonous 
manipulations. This dehumanization of productive effort and the 
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subsequent alienation of the worker gives rise to mental phenomena 
such as Marxism-Leninism. 

The deterministic era can also be named the age of scientisrn, 
with reference to the belief that only concepts which can be expressed 
in the language of the exact natural sciences and proven by 
quantification have a reality. It assumes the existence of an objective 
reality, including dichotomies contrasting man and nature, mind and 
matter, facts and values. Its primary concern is to discover truth, 
regarding questions of values and needs as outside the realm of 
scientific inquiry. Scientism is also synonymous with the 'objective' 
mode of presentation of results, used by many researchers of this era. 
That courage, despair and joy are important prerequisites for a 
successful result is neglected - for entirely subjective reasons. 

In the deterministic interpretation of the second law of thermo- 
dynamics it is possible to find the roots of the pessimism prevailing 
at the turn of the century. A fully deterministic cosmos leaves no 
room for values such as truth, beauty, goodness, perseverance or 
love. There the sun is exhausting its life-giving resources, the earth 
is approaching a new glacial period and the society is declining. 
Inferior army discipline, general decadence, falling birth rate, spread 
of tuberculosis are all visible effects of increased entropy. Emotionally, 
cosmic and physical values are never separated from a human system 
of evaluation. The resulting gloominess, the fin de siicle mode, is 
excellently presented in European literature and art of this period. 

While a 300-year-old attitude towards reality draws to its end, the 
dissolution of determinism gave room for new impulses and new 
perspectives. 

The age of relativity and quantum mechanics 

The first fatal blow to determinism with its static view of the universe 
comes from Albert Einstein (1879-1955) in 1905, in his special theory 
of relativity. An event is defined with four numbers: three for the 
position in space and one for time. These constituents do not exist 
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individually; it is not possible to imagine time without space, or vice 
versa. When a star is observed at a distance of one hundred light- 
years, the star is not only this far away in space but it is also observed 
as it was one hundred years ago. The four-dimensional space with its 
space/ time continuum was introduced. 

The contradiction between this theory and Newton’s theory of 
gravitation posed a problem. Einstein solved it in 1915 by introducing 
the general relativity theory, where gravitation is a consequence of 
the non-flat curving space/time caused by the content of mass and 
energy. The mass of the sun curves the space/time into a circular 
orbit in the three-dimensional world even if it is a straight line in the 
four-dimensional world. Einstein’s synthesis of the fundamental 
quantities of time, space, mass, and energy was confirmed first in the 
1930s through astronomical observations. 

For the general public living in the first part of the twentieth 
century, the scientific world view represented by Einstein’s theories 
was sometimes more than incomprehensible. When he showed that 
two spatially separated events judged to occur simultaneously by 
one observer can occur at different moments for another, even the 
educated classes shook their heads. A contemporary view of the 
general relativity theory may be found in the following limerick: 

There was a young lady girl named Bright, 
Whose speed was far faster than light, 

She travelled one day, 
In a relative way, 

And returned on the previous night. (R. Buller) 

Another death blow to determinism was quantum theory. It had 
been enunciated already 1901 by the German physicist Max Planck 
(1858-1947), yet without attracting attention. With this theory the 
classic concepts of mechanics started its reformulation. The causality 
of physics and the possibility to create comprehensible and down-to- 
earth models of reality had now come to an end. Central scientific 
concepts like identity and objectivity now lost their firm contours. 
The conception of the world changed. The focus of the research was 
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moved from objects to transformations, processes and transitions. 
From having been explanatory, investigating, arranging and partially 
comforting, natural science at the turn of the century became 
increasingly confusing, menacing and unintelligible. 

In 1927, it was Werner Heisenberg (1901-1976) who framed the 
uncertainty principle: it is fundamentally impossible to simultaneously 
define position and velocity for a particle. Heisenberg’s principle 
must be considered a special case of the complementarity principle, also 
articulated in 1927 by Niels Bohr (1885-1962). This states that an 
experiment on one aspect of a system (of atomic dimensions) destroys 
the possibility of learning about a complementarity aspect of the 
same system. Together these principles have shocking consequences 
for the comprehension of entropy and determinism. 

The new mechanics, quantum mechanics, thus includes 
indeterminism as a fundamental principle in the processes of nature. 
Furthermore, it proves the impossibility of determinism when it 
focuses on the atom and its particles. It is not even possible to suppose 
that scientific laws has a similar function on all levels between 
macrocosmos and microcosmos. Earlier uncertainty was the same as 
ignorance while today it is part of knowledge. In the small-scale 
system of the atom, the predominant and special circumstances are 
explained with the help of quantum theory. This theory concerns 
probabilities rather than certainties. 

Although concerned solely with extremely small particles, the 
theory revealed some extraordinary circumstances in physics. One is 
’A spooky action at a distance’, as Einstein called the spectral efiect or 
’entanglement’. A pair of correlated particles which have at one time 
been connected continue to influence each other instantly even after 
they have moved to separate parts of the universe. According to the 
laws of nature, energy and or information cannot be transmitted 
from one place to another faster than light. This guarantees, that in 
the chain of cause and effect, the effect never occurs before the cause. 
The velocity of light here seems to have an exception which up to 
now not has got its explanation. The spectral effect is an example of 
one of the main qualities of quantum theory, namely non-locality. 
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Another remarkable effect is that electrons will not jump from one 
energy level to another while they are being watched, the zeno effect. 
This illustrates a basic phenomenon within quantum physics; the 
interpreter and the interpreted do not exist independently. Thus, 
interpretation is existence and existence is interpretation. 

The mysterious behaviour of particles in quantum theory has 
inspired the following small poem: 

Neutrinos, they are very small 
They have no charge and have no mass 

And do not interact at all 
To them the earth is just a silly ball. (J. Updike) 

A compressed summary of the quantum theories is presented in 
the main points below. 

In quantum mechanics, individual events have no cause. 
Quantum mechanics never explains how someting happens. It only 

* A quantum-mechanical event has both non-local and local influence 

Quantum mechanics is stochastic. Which one of different possi- 

Quantum mechanics does not give explanations or descriptions of 

explains probabilities for that it should happen. 

backward in time. 

bilities becomes realized can never be predicted. 

a measurement process. In this things happens outside time. 

Thus quantum fluctuations are not caused by anything. They 
are genuinely spontaneous and intrinsic to nature at its deepest 
level - something unitelligible for human brains which are hardwired 
to think in terms of cause and effect. However, by operating without 
cause and effect they leave room for free will and spontaneity. 

While quantum theory is not the final answer in physics, it 
had definitely opened a completely new way of thinking; its 
impact on the perception of reality and our world view should 
not be underestimated. Today, most scientists agree on a world 
view in which global determinism points in a main direction; 
they agree that local development determines its own non-predictive 
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path, open to causal influences coming from both lower and 
higher levels. 

The predominant cosmological view, called the standard model, 
tells us that the universe is expanding and has as its starting point 
in time the big bang of 15 billion years ago (the greatest effect of all 
with no cause!). The universe has then developed from an incredibly 
tightly-packed system, a singuzarity, where the natural laws as we 
know them did not exist. This condition cannot be described with 
the help of either a theory of relativity or the quantum theory. These 
can at most be seen as components of a not yet existing final theory. 
A part of the standard model is what is called the cosmological principle. 
This states that the Universe has no centre and is essentially the same 
everywhere. 

We are now nearing the end of the 20th century. What was begun 
by Galileo, continued by Newton and finished by Einstein has over 
time inspired even poets: 

’Nature and nature’s laws lay hidden in night 
Let Newton be God said and all was light.’ 

(Alexander Pope) 

’But then the devil cried that Einstein had to do 
his work and reestablish status quo.’ 

Uohn Collings) 

These small poems implicitly question whether we can understand 
the world surrounding us and theories about it. Theories such as the 
quantum theory cannot actually be proved. If they are mathematically 
consistent and observations coincide with predictions, the probability 
is however high that they describe reality reasonably well. Today, 
the rules of quantum theory have been around for a long time and 
must be considered neither wrong nor incomplete. But modern science 
based on quantum theory has come to realize that it is impossible to 
conclusively describe and understand the natural world. To this may 
be added that even if modern science was able to explain how the 
Universe is structured, it cannot say why. 
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Scientists today tend to agree that when we formulate the theories 
of the atomic world, we are doing it vis-li-vis not the reality but rather 
our knowledge regarding reality. Physics, for example, does not claim 
anything about something actually existing, but rather informs our 
knowledge concerning the structure of our psyche. The models of 
physics no longer explain, they only describe. Therefore, in a way, 
fundamental physics today is a matter of philosophy, while cosmology 
has been a kind of scientific poetry. 

A consequence of this attitude is that it is possible to claim that 
the world only exists in the spectator’s mind, that an observation is 
dependent upon the observer. This philosophical shattering of reality 
echoes the claim of Immanuel Kant (1724-1804) that the concepts of 
space and time were necessary forms of human experience, rather 
than characteristics of the universe. Kant considered that it is not 
only the consciousness which adapts to things, but things also adapt 
to the consciousness. This kind of physical idealism is well expressed 
in another limerick: 

There once was a man who said ’God 
Must think it exceedingly odd 

If he finds that this tree 
Continues to be 

When there’s nobody else in the quad.’ 
(Ronald Knox) 

The view that only one truth about reality exists and that the 
various scientific disciplines describe different parts of it is no longer 
tenable. What exists is only subjective and often contradictory 
conceptions of reality. The decline of the illusions of the pre-Einstein 
natural science shows that not even scientific results are absolute. In 
due time they are replaced by theories and models having an extended 
descriptive and predictive value. Present-day knowledge is only the 
best description of reality we have at the current moment in time. 

Werner Heisenberg is reported to have said: ’A quantum world 
does not exist. The only thing which exists is our abstract description 
of the physical reality.’ Niels Bohr also said: ’Physics is only about 
what we can say concerning nature.’ Even Max Planck who was 
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thoroughly educated in classical mechanics had, during his whole 
life, difficulties in accepting the verified results of his own theories. 
There is no point in asking how matter could be constituted behind 
our observations of it, as these are the only evidence we can 
ever have. According to this view, quantum theory should not be 
understood as a description of the world, but rather as an instrument 
enabling the human mind to make predictions and calculations. 
Quantum theory suggests that the subatomic world - and even the 
world beyond the atom - has no independent structure at all until 
defined by the human intellect. 

Albert Einstein took a dedicated rationalist view when he said: 
’The firm laws of logic are always valid, and nature’s laws are 
indifferent to our attitude’ and ’The most incomprehensible thing 
about the Universe is that it is comprehensible’. Thus Einstein claimed 
that the world exists independent of human beings and that it is only 
in part comprehensible. Einstein’s pursuit of the old rationalist 
tradition in Western science that reality has an objective existence 
independent of the observer is, however, today questioned by many 
researchers. 

The multiple perspectives, issuing from the modern, relativistic 
science, have actualized the dualism between substance and 
awareness, the classic body/mind problem. Our conventional 
definition of self-consciousness includes totality and consistency 
in time and space. Such self-consciousness can be achieved only 
by a creative human intelligence. Quantum physics claims that 
consciousness per se may be seen as the particle’s mental existence in 
wave form defined by cooperation, interference and overlapping. It 
exists everywhere and has knowledge of what happens in other places. 
The particle’s physical existence is its permanence as matter with mass 
and position in space. On the basis of the above we can identify the 
following internal respective external opposites: 

- consciousness - body 
- subject - object 
- individual - environment 
- culture - nature 



THE EMERGENCE OF HOLISTIC THINKING 27 

A number of proposals taken from the area of relativity theory and 
quantum physics are presented below. Many of these are paradoxical 
but one has to bear in mind that they relate to microcosmos and not 
our conventional environment. 

0 There is an infinite number of worlds and we exist parallel in them. 
Time goes both backward and forward at the same time. 
Matter and consciousness are the same thing. 
A particle exists in several places at the same time when manifested 
as a wave form. Although it can only be observed in one place at 
a time, it does exist in several spaces simultaneously. 
Quantum physics concerns probabilities, Quantum wave functions 
express all probabilities simultaneously. When someone observes, 
the probability becomes a reality with fixed properties. Other 
possibilities vanish. 
In the world of quantum physics everything is interconnected. 
Everything exists everywhere simultaneously, but can only be 
observed as an object in one universe at a time. 
The quantum wave is a connection through all time both in future 
and past time. 
What we remember of past times has been determined by something 
in the future. Both past and future have existed before, the future 
in a parallel universe. 
When we choose to observe something, we create and influence it. 
Observations create consciousness and consciousness creates the 

The existence of matter and consciousness is the same thing. 
The existential basis for all matter is meaning. 

0 Radio-transmitted music confined in the form given by the radio 
wave exists as a potentiality; it is heard only when the receiver is 
turned on. 
Quantum fields of potential information are everywhere omni- 
present. Their meaning is existence. To change the meaning changes 
the existence. 

0 The mental and the physical world are two sides of the same coin. 
They are separated by consciousness only, not by reality. 

material universe. 



28 GENERAL SYSTEMS THEORY: IDEAS AND APPLICATIONS 

0 Meaning and purpose are inherent parts of reality, not an abstract 
quality in the human mind. 

Quantum theory has seriously undesmined science’s faith in an 
external, material reality and has implied a repudiation of scientism 
and a rigorous positivistic empirical science. The potential of 
dead matter to produce living matter and consciousness signifies 
a recognition of purpose, of creation and self-organization. Living 
systems inevitably emerge as soon as the prerequisites are by hand. 
According to this view, life is a conseqtience of the structure of the 
Universe rather than a random event. The function of living matter 
is apparently to expand the organization of the universe. Here, locally 
decreased entropy as a result of biological order in existing life is 
invalidating the effects of the second law of thermodynamics, although 
at the expense of increased entropy in the whole system. It is the 
running down of the universe that made the sun and the earth 
possible. It is the running down of the sun that made life and us 
possible. And the price of indentity in life is mortality - conteracted 
by the fact that family and species live longer than one of us. 

Strict determinism is no longer valid; the development of our 
universe is decided both by chance and necessity, by random and 
deterministic causes working together in entropy, evolution, continuity 
and change. These universal principles - sometimes called syn tropic 
(Fuller 1992) - counteracting decay and destruction (the second law 
of thermodynamics), will create a new and more flexible world view. 

Another challenge to positivistic science is the idea that the universe 
itself is a living phenomenon, irrespective of its organic inhabitants. 
The creation of new stars, their growth, reproduction and death, 
together with their metabolism, justify the use of the term ’living’ in 
the eyes of many scientists. 

The concept of value is not inherent to science; classical science 
never asks why or what for. Nor is speculation as to the cause, 
meaning and ultimate goal an attribute of its method. The second 
law of thermodynamics, expressing the diffusion and deterioration 
of matter and existence, has long represented the classical science 
mentality and influenced the construction of methods and instruments. 
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Today, with a growing awareness of the universe undergoing a 
creative and problem-solving evolution, values can add new and 
fruitful dimensions to classical science. 

On the basis of the above outline of this scientific development 
and the consequences thereof for the present-day world view, some 
observations can be emphasized. The first is that the disintegration 
of classic physics initiates the dissolution of art and morality. Proust’s 
soundings in human memory, Picasso’s insurrection against the 
perspective and Schonberg’s musical revolution in tone, harmony, 
and rhythm is coherent with a new scientific world-view. There, the 
concepts of time and room have got a new and radical change. The 
discoveries of Planck and Einstein corresponded better with Freud’s 
mapped dream-world than with the conventional perceived, empirical 
world. The reaction of the then existing man against modernism was 
an uneasiness caused by the ever increasing enstrangement of science 
and art from the area of immediate intelligibility. Today art and 
literature reflect the fragmentation of Western civilization. 

A second and astonishing observation is that the classic natural 
laws formulated by Newton, for example, are still going strong. While 
piece after piece has been added to the theoretical building by new 
generations of scientists, it has not yet been necessary to demolish its 
main structure and start from scratch again. 

The Newtonian gravitational theory has influenced Einstein’s 
theory of relativity. Through Einstein’s theories, Newton’s equations 
have become more complex; Newton’s original theory is nonetheless 
still valid and gives us in most cases very good approximations. 
Newton’s mechanics has now become a ’special case’ within Einstein’s 
theory of relativity. The counter-intuitive subatomic paradoxes of 
quantum physics do not interfere with the common sense of everyday 
life, although they are very extensive in for example microelectronics. 
Regarding the relation between relativity theory and quantum theory, 
the latter suggests that space and time are approximate concepts, 
which may have to be abandoned when the infinitely small is 
contemplated. Thus large-scale mechanics and quantum mechanics 
have been forced to co-exist, because neither is any good at explaining 
the other. 
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Another observation is that the classical division of the disciplines 
was to a great extent conditioned by -but also reflected - the order 
of nature, mind and society of its time (that is, the well-organized 
Victorian society). This is expressed by Comte’s hierarchy of 
development in science with its three stages. 

- The theological stage (corresponding to the scholasticism) with 

- The metaphysical stage (corresponding to the the Renaissance) 

- The positive or the scientific stage (corresponding to the 

magic and religion. 

where theology has been replaced by philosophy. 

mechanistic era). 

At the same time it is possible to see a reductionist hierarchy 
in the various scientific disciplines when arranged in order according 
to ‘size’. 

- Astronomy 
- Sociology 

- Biology 
- Chemistry 
- Physics 

- Psychology 

Further, the various disciplines in science have undergone a similar 
development and show a parallelism in their development of methods. 
Every field of human knowledge thus passes through distinct stages. 

- Intuition 
- Fact-finding 
- Analysis 
- Synthesis 

Synthesis is a prerequisite for the systems thinking of our 
own time, just as analysis was for the mechanistic era. A system 
inasmuch as it is a whole, will lose its synergetic properties if 
it is decomposed; it cannot be understood through analysis. 
Understanding must therefore progress from the whole to its 
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parts - a synthesis. Synthesis takes the steps of analytical science 
(see p. 15) in reverse order. 

- Identify the system of which the unit in focus is a part. 
- Explain the properties or behaviour of the system. 
- Finally, explain the properties or behaviour of the unit in focus as 

a part or function of the system. 

Synthesis does not create detailed knowledge of a system’s 
structure. Instead, it creates knowledge of its function (in contrast to 
analysis). Therefore, synthesis must be considered as explaining while 
the scientific method must be considered as describing. 

Systems thinking expands the focus of the observer, whereas analy- 
tical thinking reduces it. In other words, analysis looks into things, 
synthesis looks out of them. This attitude of systems thinking is often 
called expansionism, an alternative to classic reductionism. Whereas 
analytical thinking concentrates on static and structural properties, 
systems thinking concentrates on the function and behaviour of whole 
systems. Analysis gives description and knowledge; systems thinking 
gives explanation and understanding. With its emphasis on variation 
and multiplicity, rather than statistically ensured regularities, systems 
thinking belongs to the holistic tradition of ideas. However, what 
really differentiates this kind of thinking from ordinary linear cause/ 
effect reasoning is that none of these concepts can be regarded as 
more primary than the other. A change can be initiated everywhere 
in an event cycle and after a certain time be read off as either cause 
or effect elsewhere in a system. 

Systems thinking is a response to the failure of mechanistic thinking 
in the attempt to explain social and biological phenomena. As an 
attempt to solve the crisis of classical science it has formulated new 
approaches in scientific investigation. Primarily, it dates back to the 
1920s when emergent properties in living organisms were generally 
recognized. Born in biology, it is easy to understand that the systems 
movement has acquired the major part of its terminology from that 
area when considering terms like autonomy, survival, etc. 
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It is now possible to note how the specific tools in the various 
areas have emphasized the different stages. The tools for the analysis 
were par excellence the microscope and the telescope, tools which 
must be considered to be reductionist promotive. The tools of the 
emerging systems age are designed to enhance synthesis and have 
often taken over the function of the classical laboratory. The computer 
has become a viable substrate for experimentation. Research in many 
fields such as nuclear, aerodynamics, biology, chemistry, etc. is now 
being simulated instead of actually performed. The particle accelerator 
combines analytic and synthetic properties in a kind of super 
microscope capable of the resolution of objects less than the diameter 
of the atomic nucleus. Geostationary or orbiting satellites give 
outstanding possibilities for the understanding of global phenomena 
and for the first time in history humanity has now the opportunity 
to look upon itself from the outside. Tools with the above-mentioned 
properties are often called macroscopes. Together these tools has 
done that which earlier only was intellectual experiments now can 
be real ones. 

* 
The systems age 

In the 1950s, with the introduction of computers, hydrogen bombs 
and space exploration, large-scale problems began to penetrate 
Western society. The traffic-system breakdowns, environmental 
disasters and the nuclear threat were immediately high on the agenda. 
Society was faced with messes, interacting problems varying from 
technical and organizational to social and political. 

It was suddenly realized that many solutions were inadequate 
when applied to problems which no longer existed in their original 
form. Change itself, with its accelerating rate, was a major concern. 
Two hundred years of success for classical science and technology 
had created a form of development the long-term effects of which 
apparently were programmed to be devastating for humanity. Gerald 
Weinberg states in one of his books that 'science and engineering 



THE EMERGENCE OF HOLISTIC THINKING 33 

have been unable to keep pace with the second order effects produced 
by their first order victories’. 

The following examples address some of the problems: 

- deterioration of the human gene-pool, increasing allergies and 

- deterioration of human epidemic environment, e.g. AIDS 
- environmental destruction and climatological changes 
- deforestation and desertification 
- garbage accumulation, nuclear radiation, water, soil, and air 

- acidification, decreasing subsoil water and shrinking ozone layer 
- decreasing biodiversity and extinction of species 
- population explosion, criminalization, terrorism 
- urbanization, unemployment, and proletarianization 
- energy wastage and resource depletion 
- motorization and noise pollution 
- data pollution, lack of information and knowledge 
- commercialization and cultural impoverishment 
- mental corruption and drug abuse 
- environmental ugliness with growing amounts of concrete and 

- bureaucratization, passivization and dulling of the human intellect 
- destruction of arable land with buildings, highways, mining 

- wars constantly in progress on several places in the world 

diabetes 

pollution 

asphalt 

districts, junkyards and minefields 

Classical science, with its over-specialization and compartmen- 
talization, had already proved its inability to handle problems of 
such tremendously increased complexity as in the above list. The 
interaction of system-variables are so interlinked to each other that 
cause and effect seldom can be separated. One separate variable thus 
can be both cause and effect. An attempt to reduce complexities to 
their constituents and build an understanding of the wholeness 
through knowledge of its parts is no longer valid. Not understanding 
that the wholes are more than the sum of their parts, scientists had 
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assembled knowledge into islands, extending into an archipelago of 
disconnected data. 

Not long ago, physics was regarded an archetype for all genuine 
science. A reductionary chain was envisaged where psychology was 
deducted to neurophysiology, neurophysiology to biochemistry, 
biochemistry to chemistry and this in turn to quantum mechanics. 
Today, modern biology has shown that this kind of reductionism is 
out of the question. Physics, chemistry and biology have united with 
each other into molecular biology - a new overarching description 
system separated from the area of both physics and chemistry. 

Many scientists have now realized that the way they had embraced 
the world was not far-reaching enough to understand and explain 
what they observed and encountered. As G a y  Zuchov (1979) says in 
his book The Dancing Wu-Li Masters: 'Their noses had been too deeply 
buried in the bark of a special tree, to be able to discuss forests in a 
meaningful way.' Against this background, the adaptation of science 
became systems thinking. This attitude was an answer to the inability 
of the mechanistic outlook to explain social and biological phenomena. 
It can be deduced from the 1920s when synergy-effects in living 
organisms began to be observed. 

It was gradually accepted that systems are wholes which cannot 
be understood through analysis inasmuch as their primary properties 
derive from the interactions of their parts. Thus awareness grew that 
everything in the universe - including themselves - which seems 
to exist independently, was in fact part of an all-embracing organic 
pattern. No single part of this pattern was ever really separated from 
another. It was possible to catch a glimpse of a universality of systemic 
order and behaviour which characterized both living and non-living 
systems. That humans now had got access to some of the main design 
principles of the universe implied that they too were included in the 
drawings for some very significant ultimate purpose. 

Earlier, the alternative to systemic intervention was to suffer the 
consequences, to endure whatever happened; scientists had too often 
waited for systems failures to see what these could reveal about the 
mechanism. Today function, not anatomy, is the main point. The 
important task is to solve problems in real life. To describe and 
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understand were not values in themselves; their purpose was to 
enhance the capability for large-scale system prediction and control. 

The technicians strove to have things work well, the social scientist 
to have things behave well. Science was to become more ethical, less 
philosophical. To do things, was considered to be more important 
than to think about them. In these circumstances emerged the new 
interdisciplinary and holistic approach. Here, holism was an attempt 
to bring together fragmentary research findings in a comprehensive 
view on man, nature, and society. In practice it was a search of an 
outlook to see better, a network to understand better and a platform to 
act better. 

Without hesitation this had it roots in the wartime efforts and the 
special mentality of operations research. This 'emergency-discipline' 
handled military strategic decisions, resource allocations, optimal 
scheduling and risk analysis, etc. in a truly pragmatic way. Its aim 
was to do, to the best of human knowledge in a given context and 
with given time and resources, all in order to win the war. Its main 
guidelines were the following: 

0 It is not necessary to understand everything, rather to have it under 
control. Ask what happens instead of why. 
Do not collect more information than is necessary for the job. 
Concentrate on the main consequences of the task, the small details 
may rest in peace. 
Solve the problems of today and be aware that prerequisites and 
solutions soon become obsolete. 

Operational research gave rise to the first successful methodology 
where the problem complex knot was disassembled into disciplinary 
parts and could be treated as one entity by different researchers. 

In 1954, the International Society for General Systems Theory, 
ISGST, was founded. This society later become the International 
Society for Systems Science, ISSS. Two of the most prominent founders 
were Ludwig von Bertalanfly and Kenneth Boulding. Although 
Bertalanffy had already formulated his ideas in the 1930s, he was not 
recognized until one of his now-classic papers on systems theory 
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appeared in the American journal Science in 1950. Then, the idea that 
systems had general characteristics independent of the scientific areas 
to which they belonged was both new and revolutionary. Boulding 
in turn published his well-known system hierarchy in 1956. 

The founding team of interdisciplinary scientists, had a shared 
interest in a universal science. They wanted to link together the many 
splintered disciplines with a law of laws applicable to them all. The 
following aims were stated: 

to integrate similarities and relations within science; 
to promote communication across disciplinal boundaries; 
to establish a theoretical basis for general scientific education. 

Integration should be promoted by the discovery of analogies and 
isomorphisms and the new science should be a tool with which to 
handle complex systems. Analogies are explanations done by relating 
something not yet understood to something understood. Isomorphism 
exists when common characteristics, structures, formulas and form 
of organization are in accordance in different systems. That is, when 
formally identical laws governing the functioning of materially 
different phenomena exist. A partial accordance is generally referred 
to as homomorphism. The use of isomorphism made possible the 
indirect study of systems in terms of other systems (simulation) and 
the use of content-independent methods within different scientific 
areas. 

Step by step a theory was established: the General Systems 
Theory or GST. As a basic science, it deals, on an abstract level, 
with general properties of systems, regardless of physical form or 
domain of application, supported by its own metaphysics in Systems 
Philosophy. GST provides a way to abstract from reality; simplifying 
it while at the same time capturing its multidimentionality. As an 
epistemology it structures not only our thinking about reality but 
also our thinking about thinking itself. 

General Systems Theory was founded on the assumption that all 
kinds of systems (concrete, conceptual, abstract, natural or man-made) 
had characteristics in common regardless of their internal nature. 
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These systems could serve to describe nature and our existence. 
General Systems Theory is, however, not another discipline - it is 
a theory cutting across most other disciplines linking closely 
e.g. generalized concept of organization, to that of information and 
communication. GST uses various ways in classifying different types 
of systems - most of them offering an intuitive classification of 
systems ranked in increasing order of complexity. Here each level 
include, in some way, the lower levels but have its own, new, 
emergent properties. In the various levels of the taxonomy, it can be 
seen, that it is the relationships between components in the system 
and not the nature of its individual components, that proliferate its 
properties and behaviour. 

Expressed in more precise terms, the goal of General Systems 
Theory can be specified as follows: 

To formulate generalized systems theories including theories of 
systems dynamics, goal-oriented behaviour, historical development, 
hierarchic structure, and control processes. 
To work out a methodological way of describing the functioning 
and behaviour of systems objects. 
To elaborate generalized models of systems. 

As an applied science, GST became Systems Science, a 
metadisciphze with a content capable of being transferred from 
discipline to discipline. As such, it is knowledge regarding knowledge 
structures and attempts to add and integrate those aspects that seem 
not to be adequately treated in older science (but also to engage in 
continuous cross-fertilization of various disciplines). The management 
scientist Ackoff (1972) has defined the difference between the synthetic 
thinking of a metadiscipline and the analytical thinking of a discipline. 

In systems science, the equivalent to the classical laboratory became 
the computer. Instead of designing experiments with real materials, 
the computer itself became a viable substrate for experimentation. 
The use of computers as instruments for calculations, simulations 
and the creation of a non-existing reality thus brought about a new 
phenomenon that is neither actual nor imaginary, a phenomenon or 
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mode that was called virtual. The computer is a virtual reflection of 
a non-existing mechanical adding machine. To be precise, it is an 
abstract entity or process that has got physical expression. In itself, 
it is a simulation, a simulation which is not necessarily a simulation 
of anything actual. ’Virtual’ is thus a mode of simulated existence, 
resulting from computation. When creating theories regarding the 
information world and complex living systems, different kinds of 
virtual worlds are necessary. There, the computer works as laboratory 
and in its digital universe artificial intelligence and artificial life is 
created. Research in many areas like astronomy, aerodynamics, 
biology, chemistry etc. is today performed by computers through 
virtual simulation. Such simulations have the advantage that 
unneccesary details regarding individual components can be excluded 
at which overall connections and complex interactions appear. 
By use of computers, new knowledge can be generated without 
dangerous and ecologically harmful full-scale tests e.g in the area of 
nuclear fission. 

The aim of systems science was, however, not to replace, but to 
complement traditional science. The systems perspective naturally 
acquired greater significance with the growing complexity of all 
systems, including and embracing man. Gerald Weinberg (1975) says 
about systems science, that it has ’...taken up the task of helping 
scientists to unravel complexity, technologists to master it, and others 
to learn to live with it.’ General systems thinking based on systems 
theory became its hallmark with the aim of fostering generalists 
qualified to manage today’s problem better than the specialists. 
Specific individual methods were developed, many of which included 
modelling, simulation and gaming. Focusing on problems of complexity, 
systems thinking applied as systems science has taken the task of 
being a science of modelling par excellence. 

One of these methods, the Systems Approach, in reality an 
application of Systems Theory, operates in an integrated framework 
of modern organizational knowledge and management science. The 
Systems Approach is based on the fundamental principle that all 
aspects of a human problem should be treated together in a rational 
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manner. It is an attempt to combine theory, empiricism and pragmatics 
and looks at a system from the top down rather than from the 
bottom up. 

Another method, Systems Analysis, adopting a strictly systemic 
outlook on complex organizations, entered the scientific scene to 
ensure that no important factors in the structure were excluded. 
Problems of identifying, reconstructing, optimizing, and controlling 
an organization, while taking into account multiple objectives, 
constraints and resources were worked out. Possible courses of action, 
together with their risks, costs and benefits were presented. Systems 
analysis can thus be considered an interdisciplinary framework of 
the common problem-view. 

An extension of this method, called Anasynfhesis, was introduced 
with the implicit assumption that the more views one can apply to 
it, the better a problem can be understood. When using this method, 
modelling, simulation, gaming, analysis and synthesis are all applied to 
the development of a system. The method is used iteratively at 
both the macro and micro levels of large-scale systems. Normally, 
the outcome is more organized, structured and responsive to real-life 
requirements than the outcomes of other methods. 

Then there is System Engineering, a method by which the orderly 
evolution of man-made systems can be achieved. Hereby the four 
Ms - money, machines, materials and men - are used in making 
complex systems in their totality. Somtimes three more Ms are added, 
generated by information and denoting messages, methods and 
measurements. 

A much-discussed method of a more theoretical kind is System 
Dynamics. Developed by Juy Forrester (1969) it uses dynamic 
computer models which change in a network of coupled variables. 
It has been employed to prognosticate the growth of the modern 
city (Urban dynamics), the development of Western industry 
(Industrial dynamics), and the global resource depletion (World 
dynamics). 

Closely connected to the above-presented methods, and including 
them all, is the conviction that man is more the creator of reality than 
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its discoverer. The future has become too complex to foretell or to be 
planned; it has to be created. That one cannot manage change, only 
be ahead of it is not relevant for systems thinking. Embracing such 
a pragmatic view on reality, design or redesign becomes the key 
concept of the systems perspective when it is about to change the 
world for the better by building new or improved systems. The vast 
majority of human systems have not been designed at all - they just 
happened. Design replaces the guesswork by model building and 
optimization. It is concerned with how things ought to be, with 
combining resources to attain goals. This involves processes necessary 
to understand the problem, to generate solutions and to test solutions for 
feasibility. Here, design is a creative process, questioning the 
assumptions upon which earlier structures have been built and 
demanding a completely new outlook. Systems design (or systems 
synthesis) is a formal procedure where human resources, artefacts, 
techniques, information and work procedures are integrated into a 
system in order to facilitate its performance. 

Its working procedure rests on the following steps: 

The future environment of the system has to be forecasted. 
A model has to be build and used to simulate its function. 
From the simulation, a choice must be made as to what is the best 
(thus optimizing the system). 

Systems design is the opposite of systems improvement, the policy 
of recovering old systems u. van Gigch 1978). 

A more recent perspective when investigating systems is that of 
teleology, the doctrine that behaviour and structure are determined 
by the purpose they fulfil. Teleology does not exist in non-living 
nature but is universal in the living world. It indicates that systems 
are guided not only by mechanical forces but also move toward certain 
goals of self-realization. Here organizations and organisms have their 
own purposes, while artefacts, e.g. machines, serve the purpose of 
others but have no such purpose of their own. The search for 
knowledge can thus be founded both on the hunt for causes and 
purposes. 
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Complex systems can be studied from many points of view which 
are seen as complementary rather than competitive. The choice of 
theoretical approach depends mainly on the type of insight which is 
sought. A common quality of the named methods is the generation 
of knowledge necessary for the solving of the problem. The 
characteristic tools of the domain - computers, telecommunication 
networks, databases, etc. - are to be found in informatics. 

One effect of the new approach was that subsets of traditional 
scientific areas amalgamated, forming new disciplines. A fresh 
example is the science of complexity, where biological organization, 
computer mathematics, physics, parallel network computing, non- 
linear system dynamics, chaos theory, neural networks and 
connectionism were brought together. In practice, complexity science 
is the study of the behaviour of large collections of simple units 
which have the potentially to evolve. This stimulated the definition 
of new reciprocal systemic qualities: complexity/simplicity and 
simulative/non-simulative. A new quantification of complexity was 
also introduced: the complexity of something should be defined as 
the length of the shortest possible description (algorithm) of this 
something. An alternative definition is in terms of the number of 
mathematical operations needed to solve it. 

Laws of complexity generate much of the order of the natural 
world and its emergent properties. Complexity theory tries to describe 
how complicated rules sometimes produce simple and organized 
behaviour, e.g. the ability of living systems to become ever more 
organized. Its working methodology is non-reductionist: a system is 
viewed as a network of interacting parts, nearly all the fine details of 
which are ignored. Regularities and common patterns valid across 
many different systems are carefully examined. Of specific interest 
are those conditions which ensure the emergence of evolutionary, 
self-organizing and self-complicating behaviour. Complexity theory 
operates somewhere in the zone between the two extremes of complete 
order and complete chaos. To study complexity is to study systems 
and particularly the sort of systems behaviour which cannot be 
predicted from its individual components. Complexity concerns the 
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system-fact that the whole always is greater than the sum of its parts. 
As a discipline its task is to come to grips not only with certain 
complex phenomena but also with the universal features of complexity 
itself. 

Also, disciplines more directly related to systems science, such as 
cybernetics, bionics and C31, merit presentation. They make possible 
a broader perspective concerning the basic underlying principles of 
structure and behaviour in systems. 

Cybernetics was defined in 1948 in a book by Norbert Wiener: 
Cybernetics or Control and Communication in the Animal and the Machine. 
In cybernetics, living systems are studied through analogy with 
physical systems. 

Bionics, the study of living systems in order to identify concepts 
applicable to the design of artificial systems, was introduced by Major 
Steele in 1958. The amalgamation of biology and technique is 
recognizable in the term. Bionics realizes physical systems through 
analogy with living systems. Cybernetics and bionics are often said 
to be the two sides of the same coin. 

The acronym C31 stands for command, control, communication 
and intelligence. During the past ten years, interest in the operations 
of social, military and business organizations has grown. Modern 
managerial systems are based on an interchange between people, 
organizational entities and technical support. The decision-making 
situation has often such an innate complexity that in the initial phase 
it is not possible to define what kind of information is important; the 
decider usually demands more information than will be useful. 

In the extended acronym C412 the extra C stands for computer and 
the extra I for integration, emphasizing the close interconnection 
between man and computer. Here, it is impossible to separate social 
from technical factors and the human being is always a part of the 
problem as well as a part of the solution. The adaptation man/machine 
is a key issue and the system has to be designed around man, his 
potential and his needs. In spite of access to high-tech decision 
support, a main point must be the training of human ability to handle 
the unexpected. Reality always tends to deliver a situation never met 
before. 
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Systems science applied as a problem solver in business 
organizations is sometimes called management cybernetics. As such, 
it is often occupied with design of an appropriate organizational 
structure which includes: 

Specification of the organization’s sub-tasks and partition of work. 
0 Design of communication between the subsystems. 

Definition of areas of decision-making and authority. 
Design and development of control systems and co-ordination of 
efforts toward the organizational goal. 

The efforts of management cybernetics are sometimes summed 
up with the acronym ’The Seven Ss’. These stands for strategy, staff, 
style, skills, systems (of communication), structure and shared values. 

The emergence of the systems movement can now be recapitulated 
with some often-cited words of Kenneth Boulding from 1956: 

’General Systems Theory is the skeleton of science in the sense 
that it aims to provide a framework or structure of systems on 
which to hang the flesh and blood of particular disciplines and 
particular subject matters in an orderly and coherent corpus of 
knowledge.’ 

To that must be added that one of the most important contributions 
of the systems area is that it provides a single vocabulary and 
a unified set of concepts applicable to practically all areas of 
science. 

Let us finally remind ourselves that the systems age in which we 
are now living, is the result of the impact of the following five 
revolutions: 

The agrarian revolution -the product of the tribe’s collective work, 

0 The scientific revolution - the product of European collective 

The industrial revolution - the product of European collective 

extended our food access. 

thinking, extended our knowledge capacity. 

technology, extended our musculature. 
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The electronic revolution - the product of Global collective 

The computer revolution - the product of Global collective 
technology, extended our nervous system. 

synthesis, extended our intelligence. 

* 
Review questions and problems 

1. Learned men of the scholastic era shared the belief that the nature of 
universe and time was possible to understand. In what field of knowledge 
could this conviction be studied? 

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? 

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

5. What are the most significant metaphysical presumptions behind the 

6. The scientific method is associated with five methodological steps. 

concept of the laboratory? 

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 of thermodynamics? 

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 been unable 
to keep pace with the second order effects produced by their first order 
victories.’ Give some examples of particularly devastating secondary 
effects influencing modem 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? 

* 



2 

Basic Ideas of 
General Systems Theory 

GST and concepts defining systems properties 
0 Cybernetics and concepts defining systems processes 

General scientific and systemic concepts 
0 Widely-known laws, principles, theorems and hypotheses 

Some generic facts of systems behaviour 

'On questions of the ends to which means should be directed, 
science has nothing to say.' (N.  Campbell 1953) 

ach body of theory has its implied assumptions or axioms which E 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 features 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 HegeZ (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. 

45 
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The parts cannot be understood by studying the whole. 
The parts are dynamically interrelated or interdependent. 

Ideas of the German philoshopher and writer WoZ&ang Goete 
(1749-1832), may be considered preceding modern systems theory. 
Influenced by the monistic world of Spinoza, he tried to bring a 
multiplicity of of nature back to a simple principle 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 
conformity to law. This wholeness regulated the personal and 
collective will. 

After World War I, the limits of reductionism were known and 
the concept of holism already established (particularly in biology). A 
comprehensive exposition of holism was presented by the Boer general 
Jan Smuts (1850-1950) in his book Holism and Evolution in 1926. By 
this book Smuts 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 launched in 1912 by Max Wertheimer (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. 64). It also stated that many 
physical systems, named Gestalten (from German), evolved into a 
state of equilibrium. Gestalt-theory is today well-known for its 
Gestalten-laws which explain how relations of different kind between 
elements determine the formation of Gestalts. A common 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 of 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 because 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 (chaos) and to randomness. 
Orderliness in the empirical world makes the world good, 
interesting and attractive to the systems theorist. 
There is order in the orderliness of the external or empirical world 
(order to the second degree) - a law about laws. 
To establish order, quantification and mathematization are highly 
valuable aids. 
The search for order and law necessarily 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 Bowler (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 
to civilizations. 
All systems, or forms of organization, have some characteristics 
in common, and it is assumed that statements concerning these 
characteristics are universally applicable generalizations. 
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All 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 
all systems at all levels of existence. 
Every system has a set of boundaries that indicates some degree of 
differentiation between what is included and excluded 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. It will continue in 
its present form as long as one set of processes does not eliminate 
the other. 

A short summary of Bowler’s assumptions could be expressed in 
the statement that the design of the macrocosm reflects the structure 
of the microcosm. 

A further perspective on systems has been provided by the famous 
professor of business administration, 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. 
It has parts (components) that in and of themselves have purpose. 
It is embedded in an environment. 

0 It includes a decision maker who is internal to the system and who 
can change the performance of the parts. 

0 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. 

0 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 
in a religious 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 
comprise a general systems theory of open system. Ludvig von 
BertuZanfi (1955), Joseph Littever (1969) and other distinguished 
persons of the systems movement have formulated the hallmarks of 
such 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. 

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

Transformation process:All systems, 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 closed system the inputs are determined 
once and for all; in an open system additional inputs are admitted 
from its environment. 
Entropy: This is the amount of disorder or randomness present in 
any system. All non-living systems tend toward disorder; left alone 
they will eventually lose all motion and degenerate into an inert 
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. It is then said to create negentropy, something which 
is characteristic of all kinds of life. 

0 Regulation: The interrelated objects constituting the system must 
be regulated in some fashion so that its goals can be realized. 
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Regulation implies that necessary deviations will be detected and 
corrected. Feedback is therefore a requisite of effective control. 
Typical of surviving open systems is a stable state of dynamic 
equilibrium. 

0 Hierarchy: Systems are generally complex wholes made up of 
smaller subsystems. This nesting of systems within other systems 
is what is implied by hierarchy. 

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

0 Equifinality and multifinality: Open systems have equally valid 
alternative ways of attaining the same objectives from different 
initial conditions (convergence) or, from a given initial state, obtain 
different, and mutually exclusive, objectives (divergence). 

The application of these standards to the theories introduced in 
Chapter 3 will demonstrate that the different theories are more or 
less general in scope. Most of them 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 well-known systems than to have specific and 
intimate appreciation of smaller and more well-defined ones. Of 
course this view has broad implications for collecting information, 
organizing data, describing results mathematically, and interpreting 
interrelationships. 

General Systems Theory is a part of the systems paradigm 
which complements the traditional scientific paradigm (see p. 16) 
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 intervention, 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- 
quently, 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. Interpreted 
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 the physical to the 
psychical. This view has many applications in sciences and makes it 
possible to unify knowledge from separate disciplines. 

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

planetary 
global 
national 
organizational 
groups 
organisms 
organs 
cells 
molecules 
atoms 
subatomic particles 

astronomy 
ecology 
political science, economics 
organizational theory, management 
sociology 
psychology, ethology, biology, zoology 
physiology, neurology 
cellular biology 
biochemistry 
physics 
particle-physics 

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

Inasmuch as scientists in the disciplines of physics, biology, 
psychology, sociology and philosophy all employ some mode of 
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related thinking, a common language of concepts and terms has been 
established. This language embraces the common underlying 
principles of widely separated phenomena. Innovative and useful 
constructs within one area have spread to others and then merged 
into elements of General Systems Theory, which therefore can be 
defined as a metatheory. 

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 
function than to the nature of the mechanism involved. To understand 
them is to be familiar with the basic foundation of General Systems 
Theory - to possess the conceptual tools necessary to apply systems 
thinking to real world systems. 

Finally, the characterization of General Systems Theory made by 
its originator, von Bertulunm (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. Most often the word does not refer to existing 
things in the real world but 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 
fictionalkt 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 
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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 immanent 
in the whole. 

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. 

An often used common 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 order, pattern and 
purpose. This in turn implies some constancy over time. A system’s 
purpose is the reason for its existence and the starting point for 
measuring its sucess. 

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. 

A more scientific definition has been given by Russell Ackoff (1981), 
who says that a system is a set of two or more elements that satisfies 
the following three conditions. 

The behaviour of each element has an effect on the behaviour of 
the whole. 
The behaviour of the elements and their effects on the whole are 
interdependent. 
However subgroups of the elements are formed, all have an effect 
on the behaviour of the whole, but none has an independent effect 
on it. 

A system-definition by Derek Hitchins (1992) considered both 
pragmatic and scientific is the following: ’A System is a collection 
of interrelated entities such that both the collection and the 
interrelationships together reduce local entropy’. 
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System 

Figure2.1 A formula defining a system. 

An often applied mathematical definition of the word system comes 
from George KZir (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 
it may also represent a power set. R stands for every relationship 
that may be defined on the set with its special characteristics. 

It must however be emphasized that a set of elements, all of which 
do the same thing, forms an aggregate, not a system. To conform with 
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 
of elements necessarily 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 space 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 
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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 
called 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 nun-living or 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. 
A standard biological definition of a living system uses the following 
points: 

Organization 
Metabolism and growth 
Reaction capacity 
Adaptability 
Reproduction capability 
Development capability 

As a complex, organized, and open system, it is also defined by 
its capacity for autopoiesis (H.  Muturunu and V. Vurelu 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 order or own identity under new conditions 
demands frequent internal reorganization. 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 
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network of component-producing processes which in turn generate 
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 genetic connections in the 

- 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 offreedom in the system; 

- the presence of processes which qualitatively transform the parts 
together with the whole and continuously renew the elements. 

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 worn 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 systems in general, are teleonornic - 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 

system; 
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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 
Systems theory, or GLS, must be regarded as a component of the 
General Systems Theory. GLS, pioneered by James MiZZer (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 form. Its 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 Commandments) can also regulate the operation of 
a physical system (the human being). As a system it is itself always 
timeless. Change is inapplicable to it as it does not exists in space 
and time. 

In an abstract system, all elements must be concepts. It is of an 
intermediate type in that its components may or may not be 
empirically observable. The units of such systems are relationships 
abstracted or selected by an observer in the light of his interest 
or theoretical viewpoint. The relationships between the mental 
abstractions and their classes constitute the system. In psychology, 
for example, the structures of psychic processes are described by 
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. In an unperceivable 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 physically in space and time, building a specific pattern. 
Conceptual and abstract systems have no defined position in space 
nor a well-defined duration in time. However, as time goes on, all 
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systems change to a certain extent. This is called process; if the change 
is irreversible, the process is called historical. 

Here a further distinction must be made, between open and closed 
systems. An open system (all living 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. 

Common characteristics of an open system has been defined by 
Katz  and Kahn (1966) according to the following ten points: 

0 Importation of energy 
The throughtput 

0 The output 
Cycles of events 
Negative entropy 
Information input and the coding process 

0 Equilibrium and dynamic homeostasis including adaptation 
Differentiation (elaboration, complexification) 
Integration and co-ordination 
Equifinality 

The closed system (e.g. the biosphere) is open for input of energy 
only. The differences between open and closed systems are relative. 
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 
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which are in equilibrium are capable of working for 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 all kinds of input. Independent 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 all the 
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 itself. The entire environment includes this plus all systems 
at higher levels which contain it. Environment may also be defined 
as both that which is outside of the direct control of the system and 
any phenomenon influencing the processes and behaviour of the 
system. The environment can exert a degree of control over the system 
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 
contains elements which earlier in the evolution were part of its 
external environment. This is confirmed, among other similarities, 
by the chemical composition of blood and sea water. A system’s 
environment has no boundaries nor needs any. 

Environment is something which exists in a space, a concept which 
is defined with respect to the kind of system in focus. Pragmatic space 
is that of physical action which integrates a living system with its 
natural, organic environment. Perceptual space is that of immediate 
orientation, essential for the identity of a conscious being. Existential 
space forms a stable image of an individual environment and connects 
it to a social and cultural identity. Cognitive space is the conscious 
experience of the physical world, while logical or abstract space belongs 
to the world of abstract or conceptual systems, thus providing us 
with a tool to describe the others. 
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Through the constant interaction between system and environment, 
environment affects systems and systems in turn affect the 
environment. When it comes to social systems, this interaction is 
especially pronounced. Its scope is suggested in the following pairs. 

Living system Environment 
- Society - Nature 
- We - Them 
- Self - The other 
- Ego - Id 
- Mind - Body 
- Consciousness - Subconsciousness 

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 
other 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 closed system is that of a solitarily 
existing open system. Generally, systems are part of other systems 
and are included 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. 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. 
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Emergence of higher control levels therefore is a simplification of 
system functions. A hunting pack of hyenas are both functionally 
and structurally simpler (as a group) than the individual hyena. The 
individual is, taken as an inclusive total system, more complex 
and more unitary. Generally, evolution always moves from the 
lower to the more complex type of system, and from the lower to 
the higher level of organization. In an organism only the whole 
can display will - 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 
is 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 2.2. 

Hierarchical thinking creates what has been called the paradox of 
hierarchy. It implies that a system can be described if regarded as an 
element of a larger system. Presenting a given system as an element 
of a larger system can only be done if this system is described as a 
system. 

Figure 2.2 A multilevel systems hierarchy. 
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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 given 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 of 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 centrdization and small variations within this 
part can produce essential changes of the whole system. 

Another kind of hierarchic view is expressed in the holon (from 
wholeness) concept, coined 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 Janus) 
is a fundamental characteristic of subwholes in all kinds of hierarchies. 
The global structure of the holon hierarchy is nested. At least five 
levels are discernible in Figure 2.3. 

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 
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Figure 2.3 Integrative and assertive relationships of a holon represented by circles. 

A 

A 

Figure 2.4 An organism regarded as the wholeness of organismic symbiosis. 

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 2.4 where different organisms are shown at 
each of the four levels. 
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Figure 2.5 System element as part of a multilateral structure. 

Systems can be interrelated in a non-hierarchical way when part 
of a multilateral structure. This situation exists when certain elements 
occur simultaneously in many systems. See Figure 2.5. 

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. If 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 
system, etc. A characteristic of them all is that the whole is greater 
than the sum of its parts, a phenomenon often referred to as the 
system principle. This principle includes the system’s emergent properties 
or its synergetic effects. Synergetic comes from the Greek word for 
’working together’. Water can illustrate an emergent phenomenon: 
although hydrogen and oxygen individually have no water-qualities, 
water will emerge when the two elements 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, 
that component itself will lose its own emergent properties. An eye 
removed from a body cannot see any longer. Emergence thus is the 
creation of new organized wholes which forces their subsystem to 
obey a set of critical boundary-conditions. In a hierarchy, emergent 
properties denote levels. 
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A suprasystem taken as a whole displays greater behavioural 
variety and options than its component systems, that is, it is more 
synergetic. Each system has a special organization that is different 
from the organization of its components taken separately. 

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 
adaptability; only systems which change with time and adjust to 
environmental pressures can survive. 

In open systems, for example, biological and social systems, final 
states or objectives may be reached in different ways and from 
disparate starting points. This property of finding equally valid ways 
is called equifinalify. 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 fall 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 the 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. Storing 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). 
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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 
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 is characterized 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 been made 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. 
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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 Ackofi (1971). According 
to this, goal-maintaining systems attempt to fulfil a pre-determined 
goal. If something deviates, there is only one response (conditional) 
to correct it. Here, the thermostat and other simple regulatory 
mechanisms can serve as examples. 

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- 
natives; 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. 
Information collected and stored in the memory is examined for the 
creation of new alternatives for action. Will, purpose, autonomy, 
feedforward (see p. 75), 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 principle of 
causality (see p. 13) and cannot be handled by way of rational 
judgement. In the irrational system there is no correspondence 
between input and the presumed system response. In the null system, 
all input produces no output or an output is produced without 
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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 
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. 14), the deterministic system has inputs and outputs capable 
of being interpreted and measured on a single-event basis. The output 
will be the same for each identical input; repeated trials will always 
give the same results. The stochastic system works instead with 
identical inputs and its elements cannot be returned 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 simulative and non- 
simulative 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 deterministic 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 movement in the air which ends up as a hurricane has 
fascinated many and captures the unpredictability of non-linear 
systems. No computer program exists which can model this system. 
Such a program would be just as complex as the weather system 
itself. Therefore, some meteorologists say that the only computer 
capable of simulating the global weather is the Earth itself, the ultimate 
analogue biocomputer. 
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In a simulative system the complexity of the computer program 
always falls far below the complexity of the system simulated. 

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

man - a biological system 
nature -the solar system 
technology - a communication satellite 
nature/technology - a waterwheel 
man/society - a legal system 
nature/man/society - a primitive village 
man/society/ technology - an information system 

* 
Cybernetics and concepts defining systems processes 

In order to predict the behaviour of a rational system before a certain 
response from it occurs, it is essential to have some knowledge of 
general control mechanisms. Although automatic control systems have 
been documented in the Western field of engineering for some 2000 
years, the working theory of these has been limited and seldom used 
outside of engineering. (The Greek Ktesibios invented in 300 BC an 
automatic control device: the water flow that controlled his water 
clock, or clepsydra.) 

In his book dating from 1948, Cybernetics or Control and 
Communication 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 automation led to the ideas 
of cybernetics. The term cybernetics is derived from the Greek noun, 
kubernetes, 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 steam-powered steering 
engine. This supportive mechanism was called a semo (from the Latin 
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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 only react in a predefined manner to events in its 
environment . 

In his book Wiener intended cybernetics to embrace universal 
principles relevant for both engineering and living systems. (One of 
these principles is that all the processes in the universe seem to be 
cyclic.) He did succeed in showing that these principles could fruitfully 
be applied at the theoretical level in all systems, independent of any 
specific context. 

Shortly after cybernetics emerged as an independent area of its 
own, it became part of GST. 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 came 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 closed specialisms. 

Philosophically, cybernetics evolved from a constructivist view of 
the world (see p. 52), 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. 

From its start, cybernetics has been concerned with errors in 
complex systems of control and communication. In cybernetics, the 
concepts of control and communication are closely interrelated. 
Information concerning function and control is communicated among 
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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, concerns the restoring of stability within all kinds of systems. 
Stability in this context is the opposite of u steady-state which means 
the maintenance of entropic randomization - being the most stable 
and statistically probable state. Themodynamical steady-state is the 
hallmark of a non-living world. 

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 function 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. 

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 

0 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 program. Generally, it makes sense 
to speak of the following standard programming levels: 

DNA and genetical programming. 
The brain with its cultural programming. 
The organisation with its formal decision procedure. 

0 Mechanical and electronic artifacts with their algorithms. 

Adaptation and development demands reprogramming. 
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In a broader view, it makes sense to speak of four control 
levels: 

DNA’s control of the cell. 
The brain’s control of the organism. 
The bureaucratic control of the social system. 
The big computer system’s control of society. 

With them, the following general control-problems are associated: 

To maintain an internal structure (resist entropy) BEING. 
To complete a goal (in spite of changing conditions) BEHAVING. 
To remove bad goals and preserve good ones BECOMING. 

As a starting point for the comprehension of the basic terms of 
cybernetics, a system may be represented by three boxes: the black, 
the grey and the white. The purposeful action performed by the 
box is its function. Inside each box there are structural components, 
the static parts, operating components which perform the processing, 
and flow components, the matter/energy or information being 
processed. 

Relationships between the mutually dependent components are 
said to be of first order. Here, the main example is symbiosis, the 
vitally important co-operation between two organisms. Relationship 
of second order is that which adds to system performance in a 
synergistic manner. Relationship of third order applies when seemingly 
redundant duplicate components exist in order to secure a continued 
system function. 

Each box contains processes of input, transformation and output. 
(Note that output can be of two kinds: products useful for the 
suprasystem and/or waste. Also, note that the input to one system 
may be the output of its subsystem.) Taken together these processes 
are called throughput, to avoid focus on individual parts of internal 
processes. 

The box colours denote different degrees of user interest in the 
understanding or knowledge of the internal working process of a 
system. A black box is a primitive something that behaves in a certain 
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way without giving any clue to the observer how exactly the result 
is obtained. As Kenneth Boulding wrote: 

A system is a big black box 
Of which we can’t unlock the locks 

And all we can find out about 
Is what goes in and what comes out. 

A black box approach can therefore be the effective use of a 
machine by adjusting its input for maximum output (cold shower 
to bring down fever). A grey box offers partial knowledge of 
selected internal processes (visit nurse for palliative treatment). 
The white box represents a wholly transparent view, giving full 
information about internal processes (hospitalize for intensive 
treatment). This command of total information is seldom possible or 
even desirable. 

Below a certain level, questions cannot be answered, or posed; 
complete information about the state of the system can therefore not 
be acquired. See Figure 2.6. 

However, when good understanding of the whole transformation 
process is necessary, the following five elements have to be calculated. 

White box 

Gray box I 
Increasing 
internet 
knowledge 

Black box I 

Figure 2.6 Degrees of internal understanding. 
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Input b 

The set of inputs: These are the variable parameters observed to 

The set of outputs: These are the observed parameters affecting 

The set of states: These are internal parameters of the system which 

The state-transition function: This will decide how the state 

affect the system behaviour. 

the relationship between the system and its environment. 

determine the relationship between input and output. 

changes when various inputs are fed into the system. 

with a given input in a given state. 
The output function: This will decide the resulting system output 

System processes may or may not be self-regulated. A self-regulated 
system is called a closed-loop system and has its output coupled to 
its input. In the open-loop system, the output is not connected to its 
input for measurement. An example is an automatic sprinkler system, 
depicted as an open-loop system in Figure2.7. 

Process - 

Figure 2.7 Open-loop system. 

The regulatory mechanisms of closed-loop systems are called 
feedforward and feedback. Feedforward is an anticipafory control 
action, intended to produce a predicted, desired state in the future. 
(To meet the events in advance as preparation for the future, living 
systems are always adjusted to a future state which not yet exists.) 
It acts on any systemic element after the activation of the input, but 
before the outputs actually occur. This action is chosen so that its 
effects on the output cancels out the effect of the deviance in the 
same output. In a feedforward system, system behaviour is preset, 
according to some models relating present inputs to their predicted 
outcome. Thus the present change of state is determined by an 
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Inputs outputs 
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Figure 2.8 Feedforward loop. 

anticipated future state, computed in accordance with some internal 
model of the world. 

Feedforward occurs before an event and is part of a pIanning loop 
in preparation for future eventualities. It provides information about 
expected behaviour and simuIates actual processes. Feedforward 
behaviour therefore seems goal directed or teleological. The goal is in 
fact built in as part of the model which transduces between predicted 
future states and present changes of state. To make a budget and to 
state goals for an organization are examples of feedforward activities. 
See Figure 2.8. 

Feedback is a basic strategy which allows a system to compensate 
for unexpected disturbances. This is done through feedback loops 
that maintain certain variables constant or regulate the types and 
amounts of particular components. It is often defined as the 
'transmission of a signal from a later to an earlier stage'. Information 
concerning the result of own actions is thus delivered as a part of 
information for continuous action. As a control mechanism it acts on 
the basis of its actual rather than its expected performance. Hereby 
it is error-actuated, and serves to correct a system performance which 
is already deteriorating. Feedback is a key concept in cybernetics. A 
metaphysical limerick has been dedicated to it by an anonymous poet. 

Said a fisherman at Nice, 
'The way we began was like this 

A long way indeed back 
In chaos rode Feedback 

And Adam and Eve had a piece.' 
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A generalized theory has been developed to describe the behaviour 
of closed-loop systems and of systems containing a number of 
interacting elements using feedback. 

System conduct may however become very complex if several 
feedback elements are interconnected; the resulting dynamics will 
often be difficult to calculate. The main concepts of this generalized 
theory are presented in the sections below. 

Negative feedback is a fraction of the output delivered back to 
the input, regulating the new output to a multiplier smaller than one. 
This kind of feedback tends to oppose what the system is already 
doing, and is thus negative. An increase on the feedback level 
generates a decrease in the output, providing self-correction and 
stabilization of the system. 'More leads to less, and less to more'. 
Measured values of output activities are compared with desired values 
or reference standards, continously or at intervals, and the belonging 
input activities are increased or reduced. All in order to bring the 
output to the desired level. This is sometimes referred to as error 
nulling. Systems with feedback automatically compensate for 
disturbing forces not necessarily known beforehand. The principle of 
the negative feedback loop is seen in Figure 2.9. 

A device which acts confinuously on the basis of information in 
order to attain a specified goal during changes, called a servo- 
mechanism, is an example of applied negative feedback. Its minimal 
internal structure consists of a sensor, an efector and a connecting 
link. A simple servomechanism is James Watt 's  centrifugal regulator 
from the 18th century. See Figure 2.10. 

The perfect servomechanism corrects errors before they occur. Its 
smooth and co-ordinating activity is dependent upon the amount of 
compensatory feedback. Both under- and over-compensation generate 
oscillations that are more or less harmful to the regulated system. 
Another example is the simple but reliable pneumatic autopilot in 
the DC-3 aircraft. Corrections within predefined settings (altitude, 
course) are handled by the system while changes of the system itself 
(new course, etc.) are determined by its suprasystem, here - the pilot. 
Directions (route, schedule) are given by the supra-suprasystem, the 
flight traffic control. 
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Inputs v Process outputs 

Figure 2.9 Feedback loop. 

Feedback 
regulation 

Figure 2.10 James Watt’s speed controlling centrifugal regulator. Engine speed change 
generates counteracting forces from the regulator. The steam is choked or released, 
thereby returning the engine to normal operating speed. 

A control mechanism can also be discontinuous. An example is the 
simple thermostat which can only perform two actions: turn the heat 
on or turn it off. Discrete control of this kind is common in all kinds 
of modern electronic equipment. 

If the multiplier is greater than one, a state of positive feedback 
exists. In this kind of regulation, each new output becomes larger than 
the previous, with an exponential growth and a deviation-amplifying 
effect. A positive feedback mechanism is always a ’run-away’ and 
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temporary phenomenon. It can be recognized in events like 
exponential population growth, the international arms race, financial 
inflation and the compound interest of a bank account. Its self- 
accelerating loop is normally brought to a halt before the process 
‘explodes’ and destroys the system. A negative feedback inside or 
outside of the system will sooner or later restore more normal 
behaviour. See diagrams in Figure 2.11 which present the nature of 
negative and positive feedback. 

Regulation 

A i 

- Time 

Figure 2.11 The nature of negative and positive feedback. 

In diagram A, a normally functioning negative feedback loop is 
shown. Here, the deviation is smoothly bringing the process back to 
the standard or reference value. In diagram B, the correction is slightly 
over-compensated, resulting in successively damped oscillations. A 
smoothly growing positive feedback loop is shown in diagram C.  
In diagram D, a negative feedback loop with over-compensation 
resulting in a positive feedback situation, is shown. 
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Figure 2.12 Shifting of loop dominance in population-growth diagram. 

The combined effects of an emerging positive feedback being 
inhibited by a growing amount of negative feedback most often follow 
the non-linear logistic equation which exhibits sigmoid growth. The 
effect of a shift in loop dominance in a population-growth diagram 
is shown in Figure 2.12. The loops change when the population reaches 
half of its maximum. 

The elementary negative feedback presented here operates 
according to a preset goal. The only possibility is to correct the 
deviation. Conditional response is impossible inasmuch as no 
alternative exists and the regulation normally works exponentially 
toward the equilibrium state. This kind of direct deterministic 
regulation is called first order, negative feedback. Second order, 
negative feedback is defined as feedback based on other feedback. It 
is thus more indirect than that of the first order, which comes either 
from an immediately preceding step or directly from monitoring. 
This more indirect second order regulation causes sinusoidal 
oscillations around an equilibrium if undamped. If damped by a first 
order feedback, the regulation will follow a damped sinusoidal curve. 
See curves in Figure 2.13. 

Higher order, negative feedback regulation also operates with 
oscillations around an equilibrium. Over-reacting feedback chains 
can bring about a growing reaction amplitude, thus rendering the 
system unstable. To be stable, the regulatory mechanisms have to be 
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t Amplitude 

Time 

Figure 2.13 Second order feedback with sinusoidal oscillations. 

adequately damped. The system’s own friction is often enough to 
have this function. 

Different levels of goal-seeking as a cybernetic feedback process 
have been proposed by Karl Deutsch (1963). His goal-seeking 
hierarchy with four levels may be compared with Ackoff‘s behavioural 
classification of systems (see p. 67). 

First order goal-seeking: This stands for immediate satisfaction, 
adjustment, reward. 

Second order goal-seeking: Self-preservation is achieved through 
the preservation of the possibility of seeking first order goals by 
controlling the same. 
Third order goal-seeking: Preservation of the group, species, or 
system requires control over first and second order goal-seeking 
beyond the individual life-span. 

Fourth order goal-seeking: Preservation of the process of goal- 
seeking has priority over the preservation of any particular goal or 
group as above. This is in effect the preservation of the relationships 
of the ecosystem. 

Sometimes it is necessary to distinguish between extrinsic and 
intrinsic feedback. Extrinsic feedback exists when the output crosses 
the boundary and becomes modified by the environment before re- 
entering the system. Intrinsic feedback prevails when the same output 
is modified internally within the system boundary. While the concept 
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Extrinsic feedback 

Feedback 
externally 

Intrinsic feedback 

In 

Figure 2.14 Extrinsic and intrinsic feedback. 

of feedback is generally defined as being intrinsic, from the system’s 
point of view, both types are equal. Normally the system is unaware 
of the actual feedback type. See Figure2.14. 

In cybernetic control cycles, time plays an important role. Variations 
in speed of circulation and friction between different elements of the 
system can occur. Such delays and lags are important regulatory 
parameters which counteract inherent oscillatory tendencies of a 
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feedback control process. They are often employed to set physical 
limitations on the system, slowing down the action, but dynamically. 
Important variables (especially the output) are prevented by this 
limitation from jumping abruptly from one value to another. To give 
a wider perspective, the signification of time is given in the following 
systems: 

System Modification time 
central nervous system 
immune system hours to days 
business firm months to years 
species days to centuries 
ecosystem years to millennia 

seconds to hours 

A delay can completely inhibit a regulatory action for a certain 
amount of time, after which action starts with full impact. A lag is 
a gradual regulatory force, reaching its full impact after a certain 
amount of time. Feedback systems with lags may have destabilizing 
effects with the pertinent loss of control. The effects of delays and 
lags combined are even more devastating (see Figure 2.15). 

The feedback processes presented here operate in a variety of 
control systems. Their main function is to keep some behavioural 
variables of the main system within predefined limits. The end 
objective is to maintain an output that will satisfy the system 
requirements. The ideal control system produces a regulation which 
cancels out the effect of possible disturbances completely. It behaves 
different during different states but only in one way during identical 
states. 

The general control system with its basic five control steps works 
according to the following: 

1. A control center establishes certain desired goal parameters and 
the means by which to attain them. 

2. Goal decisions are transformed into action outputs, which result 
in certain effects on the state of the system and its environment. 

3. Information about these effects are recorded and fed back to the 
control center. 
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Input 

Response with delay 
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I I 
I I 
I I 
I I Response with lag 

I 
I I I Response with delay and lag 

Figure2.15 Delays and lags in control cycles. 

(Reprinted with permission from J.P. van Gigch, Applied General Systems Theory, Harper & 
Row, NY, 2nd Ed., 1978.) 

4. The control center tests this new state of the system against the 
desired goal parameters to measure the error or deviation of the 
initial output response. 

5. If the error leaves the system outside the limits set by the goal 
parameters, corrective output action is taken by the control center. 

The first fundamental component of the regulatory mechanism in 
the basic control cycle is the receptor (sometimes called sensor or 
detector), a device registering the various stimuli which, after 
conversion into information, reach the controller unit (see Figure 2.16). 
A comparison is made between the sensor value and a desired 
standard stored in the comparator (discriminator). The difference 
provides a corrective message which is implemented by the efector 
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Controller 

Goal setter 
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[Discriminator] 

=3 
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Figure 2.16 A general control system. 

(activator). Through monitoring and response feedback to the receptor, 
self-regulation is achieved. Figure 2.16 shows that the regulation takes 
place on the input side and the sensing mechanism is situated on the 
output side. In more sophisticated systems with third-order feedback, 
the controller also includes a goal-setter with its reference standard, a 
decider (selector) and possibly a designer which formulates both the 
goals and the decision rules of the system. 

We have seen earlier that one of the most significant advantages 
of living systems was adaptation achieved by learning. This advantage 
is however not restricted to living systems only; machines working 
according to cybernetic principles may also be able to learn. If 
information moving backward from a system’s performance is able 
to change the general method and pattern of performance, it is 
justifiable to speak of learning. A general cybernetic pattern for a 
system capable of learning is shown in Figure 2.17. 

The input information enters the system via the receptor and 
reaches the educable internal decision unit. After processing, the 
information will reach the effector and there become an output. 
The behaviour of the decision unit is however not predetermined. 
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6 
Figure2.17 Diagram of a learning system. 

A =Receptor; B =Educable decision unit; C =Effector; D = Comparator; E = Goal-setter. 

(Through a double path the same input, and the output decision as 
well, are simultaneously led to an evaluating mechanism.) 

From the evaluating mechanism, the comparator, a parallel path 
leads to the decider. This receives simultaneously the same input as 
is given to the receptor, and also the same output as delivered from 
the effector. The decision unit compares the cause in the input with 
the effect of the output on the basis of the evaluation criteria stored 
in the comparator. If the decision is correct or 'good', the decider is 
'rewarded', and if incorrect or 'bad', the decider is 'punished'. In 
reality this results in a modification of its internal parameters which 
is a kind of self-organization and learning. 

There is of course a risk of confusing self-organization with 
learning. All systems able to learn must necessarily organize 
themselves, but systems can organize themselves without learning. 
The faculty for modifying its behaviour and adapting is not in 
itself sufficient for it to be regarded as a learning system. The point 
is that the rules must be adjusted in such a way that a successful 
behaviour is reinforced, whereas an unsuccessful behaviour results 
in modification. Thus, the important thing is the internal modification 
of the information transfer. 

When defining living systems, the term dynamic equilibrium is 
essential. It does not imply something which is steady or stable. On 
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Figure 2.18 The homeokinetic plateau. 

the contrary, it is a floating state characterized by invisible movements 
and preparedness for change. To be in dynamic equilibrium is 
adapting adjustment to balance. Homeostasis stands for the sum of 
all control functions creating the state of dynamic equilibrium in a 
healthy organism. It is the ability of the body to maintain a narrow 
range of internal conditions in spite of environmental changes. All 
systems do, however, age and, from a certain point of maturation, 
slowly deteriorate toward death. This phenomenon is called 
homeokinesis and gave rise to the concept of the homeokinetic plateau, 
depicted in the diagram of Figure 2.18. 

This constant deterioration can be compensated for by extended 
control and mobilization of resources within the limits of the 
homeokinetic plateau. Here the negative feedback is stronger than 
the positive and a temporary homeostasis can be maintained within 
the thresholds of the plateau. Below and above the thresholds, the 
net feedback is positive, leading to increased oscillations and finally 
to the collapse of the system. The only alternative to break-down for 
a system going outside the homeostatic plateau is an adaptation 
through change of structure. This adaptation is however beyond the 
capabilities of an individual organism. 
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The homeokinetic plateau is a quite natural part of what can be 
called a system life cycle. In living systems this consists of birth, 
evolution, deterioration, and death. In non-living systems, such as more 
advanced artefacts, the system life cycle can be divided into following 
phases: 

- identification of needs 
- system planning 
- system research 
- system design 
- system construction 
- system evaluation 
- system use 
- system phase-out 

The coherence between the different phases are further 
demonstrated in Figure2.19. Note that the first phase can be 
considered a consumer phase, the intermediate phases producer 
phases, and the last two again a consumer phase. 

Living or non-living, the following four options for system 
annihilation exist: accident, predation (murder), suicide and, natural 
causes. 

Path A (includes all steps) 
t 

Figure 2.19 System life cycle of advanced artefacts. 
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Finally, a concept sometimes used is that of second order 
cybernetics. The distinction between this and first order cybernetics 
is based on the difference between processes in a subject which 
observes and in an object which is observed respectively. Another 
definition is the difference between interaction between observer and 
observed in an autonomous system (second order) and interaction 
among the variables of a controlled system (first order). 

* 
General scientific and systemic concepts 

The accumulation of scientific knowledge may be considered to be 
one of the most extensive intellectual processes of humanity. The 
organization of the enormous material, a science in itself, is influenced 
by systemic principles. (See Namilov and the systems view of science, 
page 129.) A survey of the content in a specific knowledge area is 
best carried out using a top-down approach, beginning with the area’s 
prevalent world view. For readers unfamiliar with the scientific 
vocabulary related to the hierarchic organization of scientific 
knowledge, some main concepts are presented below. According to 
the scientific tradition, theories should be explicit (not based on inter- 
pretation or intuition), abstract (not referring to concrete examples), 
and universal (valid in every place and at anytime). This implies that 
a theory regarding the behaviour of certain physical particles therefore 
relates to every individual particle in the universe, without exception. 

A world view is 
a grand paradigm including the beliefs and philosophical 
preferences of the general scientific community. 

a common way of thinking, held by the majority of members of a 
specific scientific community. 

a broad coherent assembly of systematic explanatory schemes, 
consisting of laws, principles, theorems and hypotheses. 

A paradigm is 

A theory is 
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A law is 
a generalization founded on empirical evidence, well-established 
and widely accepted over a long period of time. 

a generalization founded on empirical evidence but not yet 
qualifying for the status of a law. 

a generalization proven in a formal mathematical, logical way. 

a proposition which is intuitively considered to be true but which 
has to be falsified or verified. 

A principle is 

A theorem is 

A hypothesis is 

An axiom is 
impossible to prove or deduce from something else, but is a starting 
point for the hierarchy of scientific abstractions presented here. 

It is important to understand that present scientific 'truth' descends 
from observation and experiments. These are also the starting point 
for the construction of a theory which hopefully corresponds to the 
observations. The theory itself must be considered as an instrument 
to handle a formal symbolic system in order to exceed the limitations 
of thought. If so, this does not, however, prove its truth; it is 'only' 
the best we have for the moment. The truth of science is always 
provisional, and accordingly, the theory must be subject to change as 
new information appears on the horizon. The search for a better 
theory is a perpetual challenge for new generations of scientists. 

A concept closely related to the theory is the model, which can be 
considered a link between theory and reality. To use a model is to 
visualize a theory or a part of it. A closer look at the model tells us 
that it is a phenomenon which somehow mimics or represents another 
primary entity. It may also be expressed as 'one thing we think we 
hope to understand in terms of another that we think we do 
understand' (Weinberg 1975). As a theoretical construct it fits the 
known, available facts into a neat and elegant package. It is an 
imitation or projection of the real world, based on the constructor's 
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problem area of interest. In this simplified version of reality certain 
features are stereotypical. The model brings out certain characteristic 
features in the object of study, simultaneousely excluding others. The 
quality of a model can only be judged against the background of the 
purpose of its origin. 

Models are employed to develop new knowledge, to modify 
existing knowledge or to give knowledge new applications. From a 
pedagogical point of view, models are used to render theories more 
intelligible. Models can also be used to interpret a natural phenomenon 
or to predict the outcome of actions. Through the use of models it 
becomes possible to know something about a process before it exists. 
The model can be subjected to manipulations that are too complex or 
dangerous to perform in full-scale. Also, to use a model is less costly 
than direct manipulation of the system itself would be. 

When a model does not work in reality this can sometimes be 
ascribed to the fact that the model has been confused with 
reality. The tool must be separate from the solution and the method 
from the result. Models are nevertheless in a sense indispensable 
as most often reality is far too complex to be understood without 
their help. 

Models are commonly classified as iconic, analogue, symbolic, 
verbal and conceptual. Iconic, or physical, models look like the reality 
they are intended to represent. One example is a scale model of a 
ship’s hull, used to collect information concerning a proposed design. 
Full-scale models are always iconic; they are used for the same purpose 
although their dimensions coincide with those of the real object. Even 
a living mannequin is a full-scale iconic model. 

Analogue models represent important qualities of reality through 
similarity in relations between entities expressed in entirely different 
forms, that are easier to handle. Such models behave like the reality 
they represent without looking like it. An example is a mathematical 
graph or a terrain map. 

Symbolic models use symbols to denote the reality of interest. 
Normally general and abstract, they are often more difficult to 
construct but easier to use than other models. Examples are 
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mathematical, linguistic or decision-making models. A schematic 
model reduces a state or event to a diagram or chart. A circuit diagram 
of an electronic amplifier exemplifies a schematic model of the actual 
hardware. Another kind is a flow chart describing the order of events 
in different processes. 

A mathematical model uses mathematical symbols to describe 
and explain the represented system. Normally used to predict and 
control, these models provide a high degree of abstraction but also of 
precision in their application. A warning regarding the inevitable 
dilemma associated with mathematical models has, however, been 
given by Einstein (1921) when he says: 'When mathematical 
propositions refer to reality they are not certain; when they are certain, 
they do not refer to reality.' 

A verbal model depicts reality through the use of verbal statements 
that set forth the relationships between the concepts. Conceptual 
models are theoretical explanations; in accordance with their final 
purpose these models are prescriptive, predictive, descriptive or 
explanato y. 

A model of an as yet untested construction can be used to predict 
how it will behave initially. Similarly, to establish what kind of 
properties a non-existing original will possess, reality can be imitated 
by using the model in a simulation. With regard to the time aspect, 
models may be either static or dynamic. Models which exclude the 
influence of time are typically static, while those including time are 
dynamic. In a dynamic simuZation, a model is rapidly exposed to a 
continuous series of inputs as it passes through artificial space and 
time. Simulation is only possible if there exists a mathematical model, 
a virtual machine, representing the system being simulated. Today 
this machine is represented by the computer. 

A special kind of simulation is gaming which most often involves 
decision making in critical situations. The decisions relating to 
hypothetical conditions are taken by real decision makers. Sometimes 
the situation includes a counter-measure team which increases the 
degree of difficulty. 

* 
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Widely-known laws, principles, theorems and hypotheses 

Systems knowledge of a more general nature, particularly within 
systems behaviour, has been expressed in different laws, principles, 
theorems and hypotheses. This knowledge is considered to be within 
the core of General Systems Theory even if its origin is to be found 
in another area. Some of the formulations presented here cover a 
broad scope of systems aspects and are extensively applicable, 
although most of them concern living systems. 

The different parts of General Systems Theory are reiterated below, 
beginning with the laws. 

The second law of thermodynamics: In any closed system the 
amount of order can never increase, only decrease over time. 

The complementary law: Any two different perspectives (or 
models) about a system will reveal truths regarding that system 
that are neither entirely independent nor entirely compatible 
(Weinberg 1975). 

The law of requisite variety: Control can be obtained only if the 
variety of the controller is at least as great as the variety of the 
situation to be controlled (Ashby 1964). 

The law of requisite hierarchy: The weaker and more uncertain 
the regulatory capability, the more hierarchy is needed in the 
organization of regulation and control to get the same result (AuZin 
and Ahmavaara 1979). 

The law of requisite parsimony: Human short-term memory is 
incapable of recalling more than seven plus minus two items. Three 
elements and the four interacting combinations of them will consist 
of such seven items (Miller 1956). 

The following general principles are valid for all kinds of systems. 

System holism principle: A system has holistic properties not 
manifested by any of its parts. The parts have properties not 
manifested by the system as a whole. 
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0 Suboptimalization principle: If each subsystem, regarded 
separately, is made to operate with maximum efficiency, the system 
as a whole will not operate with utmost efficiency. 

Darkness principle: No system can be known completely. 

Eighty-twenty principle: In any large, complex system, eighty per 
cent of the output will be produced by only twenty per cent of the 
system. 

Hierarchy principle: Complex natural phenomena are organized 
in hierarchies wherein each level is made up of several integrated 
systems. 

Redundancy of resources principle: Maintenance of stability under 
conditions of disturbance requires redundancy of critical resources. 

Redundancy of potential command principle: In any complex 
decision network, the potential to act effectively is conferred by an 
adequate concatenation of information. 

Relaxation time principle: System stability is possible only if the 
system’s relaxation time is shorter than the mean time between 
disturbances. 

Negative feedback causality principle: Given negative feedback, a 
system’s equilibrium state is invariant over a wide range of initial 
conditions (equifinality). 

Positive feedback causality principle: Given positive feedback in 
a system, radically different end states are possible from the same 
initial conditions (mu1 tifinality). 

Homeostasis principle: A system survives only so long as all 
essential variables are maintained within their physiological limits. 

Steady-state principle: For a system to be in a state of equilibrium, 
all subsystems must be in equilibrium. All subsystems being in a 
state of equilibrium, the system must be in equilibrium. 

Self-organizing systems principle: Complex systems organize 
themselves and their characteristic structural and behavioural 
patterns are mainly a result of interaction between the subsystems. 
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Basins of stability principle: Complex systems have basins of 
stability separated by thresholds of instability. A system dwelling 
on a ridge will suddenly return to the state in a basin. 

Viability principle: Viability is a function of the proper balance 
between autonomy of subsystems and their integration within the 
whole system, or of the balance between stability and adaptation. 

First cybernetic control principle: Successful implicit control must 
be a continuous and automatic comparison of behavioural 
characteristics against a standard. It must be followed by continuous 
and automatic feedback of corrective action. 

Second cybernetic control principle: In implicit control, control is 
synonymous with communication. 

Third cybernetic control principle: In implicit control, variables 
are brought back into control in the act of, and by the act of, going 
out of control. 

The feedback principle: The result of behaviour is always scanned 
and its success or failure modifies future behaviour. 

The maximum power principle: Those systems that survive in 
competition between alternative choices are those that develop more 
power inflow and use it to meet the needs of survival. 

Living systems also follow a number of main systemic principles, 
foremost in connection with preserving stability. The twelve below 
have been defined by Watt and Cruig in their book Surprise, Ecological 
Stability Theory (1988). 

The omnivory principle: The greater the number of different 
resources and of pathways for their flow to the main system 
components, the less likely the system will become unstable. In other 
words: spread the risks or ’Don’t put all your eggs in one basket’. 

The high-flux principle: The higher the rate of the resource flux 
through the system, the more resources are available per time unit 
to help deal with the perturbation. Whether all resources are used 
efficiently may matter less than whether the right ones reach the 
system in time for it to be responsive. 
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0 The variety-adaptability principle: Systemic variety enhances 
stability by increasing adaptability. 

The flatness principle: The wider their base in relation to their 
number of hierarchic levels, the more stable organizational pyramids 
will be. A larger number of independent actors increases stability. 

The system separability principle: System stability increases as 
the mean strength of interaction between components is decreased. 
Stability is enhanced by separating the elements of the system from 
one another. 

The redundancy principle: Generally, arithmetic increases in 
redundancy yield geometric increases in reliability. In self- 
organizing systems, negative feedback regulates reproduction where 
too little redundancy leads to the species dying out and too much 
to over-reproduction. 

The buffering principle: Stability is enhanced by maintaining a 
surplus. An unused reserve cannot however help the system. 

0 The environment-modification principle: To survive, systems have 
to choose between two main strategies. One is to adapt to the 
environment, the other is to change it. The beaver, for example, 
changes the environment for its own benefit. 

The robustness principle: The ability of a system to passively 
withstand environmental change may derive from simple physical 
protection or it may involve a complex of mechanisms similar to 
those used by the butterfly to overwinter as a pupa. 

The patchiness principle: The lack of capacity to use a variety of 
resources leads to instability (the external counterpart to the 
omnivory principle). Rule-bound systems, stipulating in advance 
the permissible and the impermissible, are likely to be less stable 
than those that develop pell-mell. 

The over-specialization principle: Too much of a good thing may 
render systems unstable in the face of environmental change. It is 
through this principle that the conflict between the parts and the 
whole is played out. 
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The safe environment principle: Based upon the environment- 
modification principle, it states the importance of creating a 
permanently stable environment whereby the system is protected 
from change. 

The principle of adaptation: For continued system cohesion, the 
mean rate of system adaptiation must equal or exceed the mean 
rate of change of environment (Hitchins 1992). 

The following theorems together contribute further perspectives 
to the above material. 

Godel’s incompleteness theorem: All consistent axiomatic 
foundations of number theory include undecidable propositions. 

Redundancy-of-information theorem: Errors in information 
transmission can be prevented by increasing the redundancy in the 
messages. 

Recursive-system theorem: In a recursive organizational structure, 
each viable system contains, and is contained in, a viable system. 
(In a military context, for example, it says that group, platoon, 
company, etc. all have the same functions and structure as integrated 
parts of the battalion.) 

Feedback dominance theorem: In an efficient system, feedback 
dominates output in spite of extensive variations of input. That is, 
regulation is more efficient on input side. 

Conant-Ashby theorem: Every good regulator of a system must be 
a model of the system. 

The following hypotheses have been selected from the approximate 
total of one hundred in Miller’s book Living Systems (1976), in which 
he introduced the General Living Systems theory (GLS). Their social 
and managerial implications are obvious. 

A system’s processes are affected more by its suprasystem than by 
its supra-suprasystem or above, and by its subsystems more than 
by its sub-subsystems or below. 
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The amount of information transmitted between points within a 
system is significantly larger than the amount transmitted across 
its boundary. 
The larger the percentage of all matter/energy input that a system 
consumes for the information processing necessary to control its 
various system processes, as opposed to matter-energy processing, 
the more likely the system is to survive. 
Strain, errors and distortions increase in a system, as the number 
of channels blocked for information transmission increases. 
In general, the farther components of a system are from one another 
and the longer the channels between them are, the slower is the 
rate of information flow among them. 
The higher the level of a system the more correct or adaptive its 
decisions. 
Under equal stress, functions developed later in the phylogenetic 
history of a given type of system break down before the more 
primitive functions do. 
The greater the resources available to a system, the less likely there 
is to be conflict among its subsystems or components. 
The vigour of the search for resolutions of conflicts increases as the 
available time for finding a solution decreases. 
A component will comply with a system’s purposes and goals to 
the extent that those functions of the component directed towards 
the goal are rewarded and those directed away from it are punished. 

Some of the axioms related to GST can be found on p. 47. The 
nature of axioms has been explicitly expressed in Godel’s theorem, 
presented on p. 96. 

* 
Some generic facts of systems behaviour 

System behaviour, such as is expressed in the formulations on the 
foregoing pages, can always be related to the concept of complexity. 
The more complex a system, the more intricate its behaviour. It is, 
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however, necessary to bear in mind that, given enough time and 
space, even the simplest system can produce quite unexpected and 
surprisingly complex phenomena. To emphasize the characteristics 
of a complex system, the following comparison between simple and 
complex systems has been made by R. FZood and M. Jackson (1991). 

Simple systems are characterized by 
a small number of elements 
few interactions between the elements 
attributes of the elements are predetermined 
interaction between elements is highly organized 
well-defined laws govern behaviour 
the system does not evolve over time 
subsystems do not pursue their own goals 
the system is unaffected by behavioural influences 
the system is largely closed to the environment 

Complex systems are characterized by 
a large number of elements 
many interactions between the elements 
attributes of the elements are not predetermined 
interaction between elements is loosely organized 
they are probabilistic in their behaviour 
the system evolves over time 
subsystems are purposeful and generate their own goals 
the system is subject to behavioural influences 
the system is largely open to the environment 

A large system per se normally signifies a greater complexity 
inasmuch as more subsystems and more processes are in operation 
simultaneously. The degree of organization inherent in the system, 
defined as predetermined rules guiding the interaction, is another 
basic determinant. Non-linear and stochastic processes with many 
feedback loops of higher order and time delays are also important. 

A complex system often behaves in an unexpected manner and 
the relations between cause and effect are often difficult to understand. 
Measures taken to understand or control may sometimes yield the 



BASIC IDEAS OF GENERAL SYSTEMS THEORY 99 

opposite of our intentions. Measures seemingly reasonable in the 
short-term often prove to be harmful in the long run. Human 
interference with delicate regulation mechanisms may cause changes 
which lead quite abruptly into a new state, essentially irreversible 
and continuing for a very long time. 

A system is generally less sensitive to external structural influences 
than to internal. The complex system can nonetheless be unsusceptible 
to changes in the internal parameters. Increases or decreases in their 
values are neutralized by many kinds of negative feedback and these 
changes have little influence on system behaviour. Linear negative- 
feedback systems are either stable or unstable regardless of the input 
signal applied. Non-linear feedback systems may be stable for some 
inputs but unstable for others. 

The general unifying forces keeping a systemic hierarchy together 
vary according to their evolutionary direction. Systems which evolve 
upward possess strong cohesive forces joining the subsystems and 
are thereby less easily disrupted. Lower levels generally function 
better than the later established suprasystem. In system which evolve 
downward, developing specialized subunits, the suprasystem is 
stronger than the younger subsystems. 

All feedback systems are apt to oscillate, affecting the behaviour, 
to a lesser or greater extent. Within the existing network of coupled 
variables each variable has a highest and lowest threshold. Within 
these limits the system can vary freely; if they are exceeded, disorder 
and finally collapse will occur. If they do not maintain a defined 
value, other variables will then occupy the available variation space 
and take over. For the systems researcher it is a constant problem to 
know whether certain feedback loops reveal significant differences, 
or merely amplify insignificant ones. 

In Figure2.20, A shows a state of stable oscillations where the 
input is a feedback from the output. This occurs when the feedback 
(thin line) has a phase which is the opposite to the system disturbance 
and is of equal amplitude. In B, the oscillations are damped and 
diminish when the feedback is less than the output. Finally, a feedback 
signal inducing corrective action greater than the error will amplify 
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A 

Figure 2.20 Different oscillation patterns in feedback systems (from Tustin 1955). 

the same, causing growing oscillations and instability, according to 
C in Figure 2.20. 

A special kind of system behaviour is associated with system 
growth and adaptation. The introduction of a unique input at some 
critical time may suddenly permit a semi-organized system to organize 
itself into a hierarchy and to grow. The general unifymg forces keeping 
a systemic hierarchy together vary according to their evolutionary 
direction. From these facts follows the inevitable conflict in all growing 
systems, that existing between the supra and subsystems. 

The fact that living systems per se tend to complicate their 
interactions with their surroundings over time, is an inherent feature 
of their growth. This applies also to non-living systems - the growth 
of a computer network is a good example. Growth is mostly a 
consequence of an adaptation; bigger systems survive better than 
small ones. Inasmuch as it is not possible to adapt to everything, a 
system is prevented from growing to infinite size. Beyond a certain 
point integration and communication problems within the system 
exceed the benefits of large size. 

Structural growth and the associated increase of size demand a 
specialization or modification of some components which in turn 
produce emergent systemic properties. A wider range of functions in 
a system with specialized subsystems makes it better equipped to 
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cope with even unforeseen difficulties. The total system may thus 
have a longer life than its subsystems. 

Review questions and problems 

1. Systems theory tries to define a law about laws. Does such a law already 

2. Give some examples of dissimilar definitions of the concept system and 

exist within other disciplines? 

point out some of the main differences. 

system? 
3. What is the difference between an abstract system and a conceptual 

4. Do emergent properties exist in every system? 

5. How do entropy and negentropy influence a man-made system? 

6. Describe how systems with feedback regulation can neutralize disturbing 
forces not known beforehand. 

7. Einstein’s proposition regarding mathematical models seems to have a 
certain connection to Heisenberg’s uncertainty principle. Explain why. 

8. Why do bigger systems survive better than smaller systems? 

* 


