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“. . . For the first time in History, man is obliged to choosefreely his future and thefuture of mankind and
he is obliged to do so by the very fact that he has, for the first time, thefreedom hence the responsibility of
doing so”.

Denis de ROUGEMONT

Today there is growing criticism of the Input/Output (I/O) model as a conceptual tool for explaining and
understanding how systems are functioning. These models have been particularly useful-mainly in engineering,
where simple, static and open systems are involved-but they are, however, unable to explain the functioning of
living and social systems. This paper will present evidence, from various fields, illustrating the relevance of
autopoiesis. Furthermore, it will relate the concepts of autonomy and identity to the way in which various social
systems function within the environment.
INDEX TERMS: Input/output systems, autonomy, identity, autopoiesis, morphogenesis.

I N T R O D U C T I O N

Many physical phenomena can be explained by
precise relationships, often called physical laws,
which express cause-and-effect relations between,
or among, a number of factors. Boyle’s law, for.
instance, states the relationship between volume,
v, and temperature, p. The exact mathematical
law is:
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behaviouristic psychology8.9 which advocates a
simple stimulus-response (“S-R”, i.e. I/O) model
to explain human behaviour. Although most for-
mal developments in I/O systems theory deal
with ways of better representation of the internal
states of the systems,” this aspect has not been
disseminated outside of the systems engineering
field. From the point of view at least popular
amongst social scientists, I/O systems attach little
importance to, and requires virtually no insight
into, the system or process it is applied to; the
system is basically viewed as a “black box”. The
question that must be asked, however, is whether
or not such a simplistic model can adequately

Maturana and Varela.2 3 , 2 4  Their thinking and
research has developed mainly from biology;
their striking example of why an I/O model is
inadequate to explain reality is taken from the
effects of immunization.25

Certain living systems somehow have the abi-
lity to recognize a foreign substance. This has
been shown by some biologists by the capacity of
the organism to generate, when necessary, a
specific antibody to counteract each specific in-
vader. This presupposes both the capacity to
identify each foreign substance and a large re-
serve of antibodies to select from. This is indeed
a typical I/O mode of operation, whereby the
organism, through experience and learning, gra-
dually builds up a reserve of responses to deal
with incoming stimuli adequately. However, this
kind of model becomes extremely complicated, if
not unable, to explain how new synthetic sub-
stances, which did not exist before, and therefore
could not have been encountered and experi-
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enced in the past, are nonetheless recognized and
neutralized. Varela proposes an elegant solution
by shifting the emphasis from . the process of
reaction to every foreign substance (input) by
neutralization (output), to the process of re-
cognition that a certain material is indeed a
foreign substance and not part of oneself. Equally
important is the existence of a process, ability or
function, which can generate an infinite number
of antibodies and which is flexible enough to deal
with any and all possibilities. This is very different
from an I/O model, or a trial-and-error mode of
operation.

Another similar example can be found in
Festinger’s work26 on consciousness. Using sev-
eral elegant experiments, he argued for an alter-
native theory to the prevailing I/O model of
vision. A brief description of an experiment he
carried out will further illustrate the inadequacy
of the I/O approach. A subject is given two
prismatic contact lenses to wear on his eyes, and
the experimenter gives him a straight line to look
at. His vision at first tells him that this is a curved
line. This is indeed a true impression, consistent
with the curvature on his retinal image. However,
as he keeps looking at the line, moving his eyes
from one end to the other, he sees less and less
curvature and after some minutes he in fact sees
a straight line. Festinger explains that while the
subject is attempting to direct his eyes so as to
continuously focus on the line, the muscles of his
eyes move in accordance with the fact that the
line is straight in spite of his subjective experience
of curvature, determined by the prismatic lens.
Thus, as the eye muscles are instructed to move
for a straight line, the conscious perception
shapes up according to this fact and after a while
the line is seen straight. Therefore, the conscious
perception of the line is not the organization of
informational inputs from the eyes, but the orga-
nization of efferent signals to those eyes; what the
subjects see is what they actually do with their
eyes.

Another convincing case of the inadequacy of
I/O theories can be found in the explanation of
linguistic performance. In a well-known article,
Noam Chomsky wrote a definite rebuttal to the
claim advanced by behaviourists to account for
“verbal behaviour” by “S-R” (Stimulus-Response)
type models :

has somehow and in some form internalized, and we under-
stand a new sentence, in part, because we are somehow capable of
determining the process by which this sentence is derived in this
grammar.”

A paradigmatic shift in linguistics has resulted
from Chomsky’s theory, precisely by moving
away from an externally caused model of be-
haviour towards a theory of the internal com-
petence of the speaker. In other words, a speaker
possesses a certain creative capacity which en-
ables him to reproduce or understand new sen-
tences which he had never uttered or heard
before. This is something which cannot be ac-
counted for by a mechanistic, behaviouristic I/O
type model.

All these examples suggest that living or-
ganisms are able to develop an “internal milieu”,
and can therefore maintain relative stability in-
side the system boundaries, in spite of external
turbulence. This distinctive feature of the living
systems, as Canguilhem has shown, is a capacity
for generating internal norms :

. . . life being not only submission to the environment but
institution of its own milieu, sets thereby values not in the
environment, but in the organism itself.28

Another illustration of the importance of auto-
nomy is given indirectly by Wilden in a stimulat-
ing book, where he discusses the contributions of
authors such as Bateson, Chomsky, Spencer- Brown,
Lacan, but not Varela, in their attempt to go beyond
the limitations of I/O models towards a systems
approach :

. . . it is almost universally accepted that the behaviour of any
system, open or closed, informational or energetic, organic or
inorganic, is a function of the way the observer-participator
punctuates it.29

But Wilden still stresses the hierarchical nature
of organizations (in the form of the Russel-
Whitehead Theory of Types) and their quality as
open systems, while Maturana and Varela point
out the necessity of looking at living and social
systems as organizationally closed systems,30 thus
stressing the need for self-referential description.
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Maturana and Varela’s essential point is not
only that autonomy is an important concept but
also that self-reference is a necessary process for
understanding the essential emerging properties
of living systems, and consequently it is necessary
to look at such living systems as closed systems.
Autopoiesis is a characteristic and consequence of
autonomy and self-reference. It is a process of
creating oneself. Varela’s views are valid for all
living systems but take particular significance for
social systems where the symbolic processes are
so central and where communication is not only
the transmission of information but also the
elaboration of meaningful social codes through
dialoguing autonomous entities.

In the rest of the section, several other exam-
ples will be taken from four levels of organi-
zational complexity which illustrate further the
concept of autonomy and the antinomy between
autopoietic and I/O type systems.

Workers: Robots or Agents?
“Scientific management”, a school of thought
founded by the engineer F. Taylor,32 advocated
the introduction of an engineering oriented ap-
proach to the management of operations at shop-
floor level. Through time-and-motion studies, and
the separation of conception from execution of
work, various tasks were designed in such a way
as to maximize efficiency and productivity. A
worker was not expected to think, but simply to
execute movements as instructed. The result was
the mechanization of different tasks, and the
downgrading of the human worker to the level of
an automaton. This dehumanization of work led
to some unrest in the work force, as boredom
became increasingly unbearable. Various re-
medies, such as “job enrichment” and “job en-
largement” of the tasks performed were intro-
duced with mixed results, but without basically
changing the logics of the approach. As an
alternative to Taylorism, the socio-technical
school of thought advocated autonomous work
groups as the basis of work organization.

Originally, the socio-technical school was in-
itiated in England through the joint efforts of a
coal miners’ union and the Tavistock Institute of
Human Relations, and this trend, known as
“industrial democracy’, spread largely to the
Scandinavian countries.3 3 , 3 4  The basic philo-
sophy of this new approach is to use the distinc-
tive resources of human agents as fully as pos-

sible: namely their willingness for initiative and
their capacity for membership and self-regulation.
Groups of workers are given the responsibility of
organizing themselves as they like, in order to
accomplish a certain task. Not only do they
organize themselves, but as a result, they also
tend to request more and more responsibility; for
instance, direct contact with customers to follow
up their defective products, re-organization of
working procedures and methods, processing of
technical or commercial information, setting of
goals and objectives, etc. By so doing, these
autonomous groups tend to gradually take over
some of the responsibilities formerly restricted to
various functional staff services.

Control: Check or Self-Regulation?
As an organization grows, various organizational
changes become necessary; for instance, moving
from a functional to a divisional type of struc-
ture. This entails decentralization and delegation
of responsibilities, with the corresponding au-
thority, to lower levels of executives who can
manage their units with a larger degree of auto-
nomy. Correspondingly, it was felt necessary to
introduce what has been known as “management
control systems”35 which could provide proper
information as to the actual achievements of
various departments as compared with their ob-
jectives, the purpose of which is to be able to
detect deviations early enough so as to take
corrective actions rapidly when necessary.

The philosophy of “management control sys-
tems” was developed with the necessity of en-
trusting lower echelons within the organization
with larger degrees of autonomy. This developed
rather well within Anglo-Saxon countries, but
proved to be somewhat more difficult to imple-
ment within Latin countries, as many multi-
national companies have
Students36, 37, 38

experienced.
of control systems in Latin

countries suspect the main reason to be the
reluctance among Latin managers to trust their
subordinates enough to really delegate responsi-
bilities and authority to them. The result of this
attitude is that the “management control system”,
applied in Anglo-Saxon cultures where it is ta-
citly understood, accepted and encouraged that
everyone strives for more autonomy, finds itself
in jeopardy in Latin countries.39 In the latter, not
only does this tacit assumption not hold, but
worse, the reverse seems to be the case, namely
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that there is enough mistrust among managers
and subordinates.

The same type of antinomy that exists on the
shop-floor is found here too. Among Latin cul-
tures, control is understood as a checking device
that a superior maintains over his subordinates,
which is the engineering sense of the idea of
control. On the other hand, among Anglo-
Saxons, control is understood as a regulating
mechanism enabling both superiors and sub-
ordinates to increase their responsibility and be
given more autonomy.

Corporate Strategy: Conglomerate or Synergetic?

Conglomerates are made up of a number of
business firms, which are not necessarily related,
under a single top management. They flourished
in the 1960s when the idea was to grow through
the acquisition of any business opportunity likely
to generate positive cash flow if properly ma-
naged. Synergetic corporations, on the other
hand, can be as large and complex as conglo-
merates, except that growth is not attempted
unless what is to be added will contribute to the
distinctive competence of the existing organi-
zation. In this respect, growth is the result of
either vertical or horizontal integration in care-
fully selected directions. These two kinds of orga-
nization (conglomerate and synergetic) have op-
posite senses of corporate identity.
Conglomerates are only interested in growth for
the sake of size and because it is believed that
enough positive cash flows can be generated to
make the entire organization more profitable.
Their sense of corporate identity is low, if it were
to exist at all, and it would be of a rather
kaleidoscopic nature. Their only objective, which
is imposed from above, is high short-term pro-
fitability. Synergetic organizations, on the other
hand, possess a strong corporate identity and
profitability, even though important, is not an
end in itself, but a means to implement the
corporate strategy. A careful study of these two
extreme corporate philosophies reveals a great
deal about the concepts of autonomy and iden-
tity, to be examined’ more fully in the next
section. It should be noted, however, that very
few conglomerate corporations have been con-
sistently successful even though they were ex-
tremely popular in the 1960s thereby de-
monstrating a lower capacity to adapt to chang-
ing environmental consitions.

Centralized Nation-State versus Autonomous
Regions.
In the same way that corporate strategy has to
include the participation of members of the orga-
nization as far down as possible, in order to be
correctly formulated and successfully implemented,
so the establishment of national policy has to be the
combined effort of regional contributions. Denis de
Rougemont argues very convincingly that a chal-
lenge for modern industrialized nation-states is their
capacity for allowing regional participation in public
management. Rougemont pleads for the develop-
ment of an important kind of power:

the power one takes over himself because it means freedom
but also responsibility.40

and stresses the necessity “of the accession to
power over self not power over others”. One
cannot think of more convincing plea for auto-
nomy than in the political domain, which should
go beyond national affairs to the international
sphere.

Hierarchical Coordination and Identity

The illustrations considered in the last section
show the existence of a wide range of organi-
zational structures and processes, and a variety of
concepts of how the universe can be explained
and dealt with. Each organization has strengths
and weaknesses. It must be viewed in relation to
the task it has to achieve and the environment
within which it exists. In autonomous subsystems
the various units/members are more motivated.
They are “masters” of their own fate by being
allowed to communicate with their environment.
Goal determination is done by consensus rather
than being imposed from above. Various con-
straints are explicitly acknowledged when setting
goals and during action. Coordination among the
autonomous subsystems can be more difficult,
and effective communication takes much longer,
since there are many more links in decentralized
structures. But at the same time, each unit is part
of the overall decision-making process of the
system. Changes in the environment can, there-
fore, be known much more easily with auto-
nomous groups; furthermore, they can be dealt
with faster than when changes are imposed from
above. Learning, self-organization and adaptation
can be achieved more easily because they are
mainly left to the operating level to initiate and
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implement rather than being decided on at the
highest level and then being pushed downwards.
In final analysis, social systems are better ma-
naged by consensus rather than coercion and
this is precisely where the benefits from auto-
nomous systems are derived.

I/O type systems have limited links with the
environment, which must be regulated centrally,
otherwise the system can become unstable. This
presupposes, however, two things: first that the
environment can be simplified enough so that all
its interactions with the system can be modeled
into a limited number of variables (usually few);
second, that the environment will remain con-
stant in such a way that the variables identified
as the most critical will still remain the same;
moreover, their range must not go beyond limits
which can be regulated.41 In the case of impor-
tant permanent changes in the environment, the
only alternative is to have these changes iden-
tified from above and at the same time possess an
efficient procedure for re-organizing those func-
tions of the system that need to be modified. In
other words, an I/O system cannot learn, self-
organize itself or adapt to environmental cha-
nges. Its major characteristic is simplicity, ease of
communication, efficiency in operating and effec-
tive reaction to a specified number of outside
responses, as long as they remain constant and
within a certain range. Thus, the very strengths
of an I/O system exclude learning, flexibility,
complexity, larger number of possible responses
and the ability to scan the environment generally.
Furthermore, it cannot self-organize itself or
adapt. These are tasks that can only be achieved
by systems which possess, as “mind” does, the
above-mentioned characteristics.

Autonomy and Identity

If there are advantages in autonomous subsys-
tems, then why shouldn’t the idea be carried to
its extreme---complete independence of each sub-
system from the rest ? Autonomy, however, does
not mean separation, and paradoxically there is
less change of separation taking place in de-
centralized than in centralized type systems.
Centralized operations are tightly controlled.
People working ‘in such organizations are given
little initiative and they must carry out orders
from above as closely as possible. In the extreme
case of centralized structures, as in Taylorism,
humans are viewed as machine processors in a

chain of input/output operations. They stay to-
gether as a system because of strong supervision,
coupled with adequate rewards and punishments.
The sense of organizational identity is low and
limited to a few top levels in the organizational
pyramid. Thus, if the chance of separation arises,
it will be taken up happily. Lack of organi-
zational identity can also be seen in Latin count-
ries where employees and workers are tightly
supervised. In such countries, identity comes
from loyalty to subsystems, for instance a union,
usually in constant conflict with management and
among themselves because of the lack of common
objectives.

In autonomous groups, even though there is
little or no control, there is a higher sense of
organizational identity, a result of the very nature
of autonomy. Each worker or employee is part of
deciding on the overall organizational goal and
the specific objectives that must be achieved. This
means that he or she understands the need and
advantages of being part of a larger organization
and  i s  aware  o f  the  goa l s  and  ob jec t ives .
Conflicts are solved by dialogue, rather than
bargaining, between subsystems which share
some supra-ordinate goals.

Strong national identity can ‘similarly be the
result of greater regional autonomy. This is even
more true when heterogeneous populations make
up a nation. History is full of instances where
tight controls or oppression have not worked as
a measure to achieve national unity. On the
contrary, it has provided the driving force for
regional struggle, or revolution, and eventual
independence. On the other hand, growing re-
gional autonomy can strengthen national unity
and result in countries of people with a high
sense of national identity. The same way that
oppression does not result in national unity,
separation of a region from a nation creates as
many difficulties and problems for the newly
independent region as it solves. History is again
full of examples of this kind, in which separated
regions were worse off on their own than when
they belonged to a bigger nation.

Conclusions .

Input/output type systems have only a very re-
stricted range of applicability where organi-
zational social systems are concerned. Even when
standard tasks are considered and when the
environment is constant I/O modes of operation
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are inappropriate as long as people are involved.
Theoretically speaking, an I/O mode of operation
should be more efficient and productive, but to
be effective, it requires tight controls which were
difficult to apply historically, and which are even
more difficult in our times of high social aware-
ness. The results of humans being obliged to
behave like machines is that they get bored, the
quality of what they do diminishes, and they
change jobs often. Furthermore, they create
strong unions which obtain enough benefits as to
diminish the advantages of the I/O approach
such as those originally perceived and implemen-
ted by Taylor. It is not an accident that today
there is no advocate of “scientific management”
nor that the psychological and social problems of
m a n a g i n g  p e o p l e  a r e  i n  t h e  f o r e g r o u n d .
Participative management42 and what has been
known as industrial democracy43 are clear illus-
trations of the direction that management and
work organization is evolving in.

When intricate interactions within a complex
social environment are involved, the I/O ap-
proach is useless. The mistake which is often
made, however, is that this is not so44 and that
complex interactions of a system with its environ-
ment can be modeled, and causal relationships-
involving only important variables-can be
found. This belief grew strongly in the sixties
among westerners, when large computers first
appeared and when mathematical models were
thought to be able to solve all problems facing
mankind.45 The seventies have tuned down these
hopes. Ecological considerations, quality of life
concerns, social awareness and the understanding
of the severe limitations in both sciences and
human rationality have made man much more
aware of his limitations, and increased the need
for the concept of autonomous systems. The
lesson is that the environment is too complex to
be formally modeled. Instead, a constant dialogue
is needed between man and man, and between
man and the environment, This might mean that
boundaries will need redefining, changes in the
interaction pattern might be necessary, or struc-
tural changes should take place.46 The impli-
cations for management and organizational
theory is that the capacity of social systems for
self-reference has to be stressed, namely the ca-
pacity for reflection, the capacity for defining
one’s own boundaries and sense of belonging.
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