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ABSTRACT 

The media provides frequent reports about organisations — both public and business — 

in crisis. These must re-organise themselves, often requiring the dismissal of 

employees in order to adapt to the emerging internal or external conditions. If they do 

not adapt, they do not survive. In order to help the adaptation process, science has 

developed several theories such as Contingency Theory and the Viable System 

Model. These are well established. On the other hand, the Decision-Information-

Operation System model  (DIOS-model) developed by Professor J.L. Le Moigne, is an 

alternative approach for a system's adaptation that is not as widely known. The 

present study aims to contribute with an application and evaluation. The  DIOS-model 

was applied to a medium-size business organisation experiencing a crisis and needing 

to adapt. The application has allowed us to evaluate — empirically and theoretically — 

Le Moigne's model and its foundations. The result suggests that the theory is useful 

for model construction. The models that were developed based on the theory 

increased our understanding of the organisation under study. These models allowed us 

to identify shortcomings and to prescribe some solutions. However, the intelligibility 

of the organisation was limited. This is because the theory a) emphasises instrumental 

rationality and ignores communicative rationality of a social system,  b)  has  bio-

psychic empirical origins that limit its ability to take into account properties that are 

specific to social systems, and  c)  the theory tends to fall into scientism by absolutising 

epistemology and science over every day common and naive knowledge. The 

conclusion is that the various components of  DIOS-model should find their 

counterparts in social organisations and that their absence or inadequacy may lead to a 

poor organisational performance. Therefore, the model is a tool for helping 

organisations adapt to changing conditions. However, the study shows some 

important limitations of the theory. It requires further development and should not be 

used uncritically. 

Keywords: Organisational Adaptation, Organisational Decision-Making, 

Organisational Information and Memorisation System, Organisational Co-ordination, 

Assessment. 
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ON RE-CONSTRUCTION OF CONSTRUCTED CONSTRUCTS... 

Being a being, living a life, imaging an imagination 

The what, the how, and the why? 

To answer the why of the why, imaging a happy life 

A life worth remembered as lived life 

Not to walk, walks to walk to Rome 

Walking walk, walked in  Lule  being walked in Aix 

A happy moment in our time 

A non significant signification in order to  signe  the signified world! 

Darek  M.  Eriksson  & Pascal Vidal  
September 1996,  Luleå,  Sweden 
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FOREWORD 

It is quite clear to most of us today that modem Information and Communication 

Technology (ICT) causes fundamental changes to our societies, organisations and the 

lives of individuals. Focusing organisations here, the motivation is that ICT supports 

and improves organisational processes. This improvement may have different 

meaning for different stakeholders of an organisation. It is often a question of cutting 

down the operative costs of an organisational process, of innovating so that new 

services may be offered that could not have been obtained without the use of ICT. 

Improvement may also mean a design of organisational processes so that people who 

work in organisations have safer working conditions and that monotonous and dull 

working task may be automated so that no humans need to perform them any more. 

Then the obvious question is: How to use ICT so that it may help us to achieve better 

organisational processes? 

Unfortunately, my experience is that most of today's informatics 

education and practice do not answer this question well. The main focus is on ICT 

itself rather than on how to employ it in organisations. Informatics practitioners with a 

long working experience have developed some basic heuristics that they tend to use in 

their practice, but there are not many established theoretical contributions that could 

guide the use of ICT in organisations. This over-emphasis on ICT rather than on its 

application amounts to a surgeon focusing his attention on his instrument rather than 

on their successful application. While it is important to know one's instruments it is 

even more important to know how to apply them successfully. Instruments are merely 

means to achieve some goals. How should then ICT be used? In a way it is more 

straightforward for a surgeon to use his instruments because there is a physio-

bilogical determination of how the brain is to be, there is no room for normativity. 

The same can not be said for social organisations with its information systems. There 

are surely some determinative limitations that limit what may be done or not, but at 

the same time there is a lot of normativity involved in the design of organisational 

processes and its information systems. Various designs of organisations and its 

information systems may be deployed yet with similar satisfaction — something that 

does not seem to be valid for the human brain. 
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Some work has been done to guide the design of organisational 

information systems. System Science offers, most notably, the Viable System Model 

as developed by S. Beer. More recently Professor J.L. Le Moigne has announced the 

concept of Organisational Information System, to be juxtaposed to the well-

established concept of Management Information System. Le Moigne's proposition 

rests on the Decision-Information-Operation System model that is said to overcome 

some of the problems that the cybernetic approaches are defected with — i.e. Viable 

System Model and the concept of Management Information System. In this study I 

have tried to obtain some understanding of how well this Decision-Information-

Operation System model supports the conception organisational processes. The study 

focuses mainly on organisational processes together with its information and decision-

making rather than explicitly on the conception of information systems. 

Darek  M  Eriksson  

August 1999, Stockholm, Sweden 
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Chapter 1: Introduction 

CHAPTER 1: INTRODUCTION 

This report presents an application of the Decision-Information-Operation System model 

together with the latter's assessment. The assessment is based both in an empirical experience 

and on a theoretical investigation. This chapter discusses the relevance of the study, presents 

its conclusions and gives a disposition of the whole text. 

1.1 JUSTIFICATION 

We are exposed to frequent reports about various organisations being in crisis. Some 

examples in Sweden are the telecommunication concern Ericsson that has recently announced 

its major organisational re-structuring and that it will discharge several thousands of 

employees. Another major Swedish concern called  SKF,  that is a world leader in production 

of ball bearings, has also announced that it must re-organise itself and discharge several 

thousands of employees. The governmental organisation Defence Material Administration, 

that provides various materials for the Swedish Defence, has very recently announced that it is 

performing a total re-organisation and will soon discharge circa 700 employees. These are just 

three examples of many. Even though these organisations are very different they have a 

common problem, they need to adapt to emerging changes — both external and internal — in 

order to survive. 

Over the years, several theories have been developed in order to support such 

adaptations. Two examples of such are the Contingency Theory Model (Galbraith 1972, 1977; 

Waterhouse 8z  Tiesses  1978; Otley 1980) and the Viable System Model (Beer 1979, 1981). 

These are well established and have been employed widely in practice. On the other hand, the 

French scholar Professor J.L. Le Moigne has developed an alternative model that we will call 

here the Decision-Information-Operation System model, or just the  DIOS-model. As far as we 

know there is no published empirical application and assessment of that model available. I  

This study aspires to provide that. There are several reasons why it should be done. One is the 

obvious question, Is the  DIOS-model working in practice? If so, when and how should it be 

used? Another reason is that the knowledge of its application may direct research and its 

I  We have previously provided theoretical assessment  (Eriksson  & Dahl 1994;  Eriksson  1997b) and theoretical 
application  (Eriksson  1996). 
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Chapter 1: Introduction 

further development.2  Both these arguments are important for successful intervention in 

organisational affairs. Finally, a third reason is given by the investigated theory itself: 

"To these interrogations, constructivist epistemologies bring only 

their care to attempt to formulate and reformulate them ceaselessly, in 

order to make them able to be deliberated. No scientific or cultural 

authority could have a monopoly of determination of ethical value of 

knowledge. But epistemology is best placed of all disciplines to 

recognise and to show questions on the value of knowledge, by which 

in some way, it assures the scientific status. It is important that it 

assumes this responsibility permanently, reformulating hypotheses on 

which these attainments of knowledge are based, but also discussing 

ethical significance of knowledge it produces, or rather it organises 

by itself." (Le Moigne 1995b:88) 

1.2 RESULT 

The findings of this study suggest that the  DIOS-model with its various components may find 

corresponding functioning in social organisations and that their absence or inadequacy may 

lead to a poor performance. Therefore, the  DIOS-model may be considered as a tool for 

helping organisations that need to adapt their functioning to changing conditions. However, 

the study also shows some important limitations of the  DIOS-model. The latter should not be 

used uncritically, and requires further development. 

1.3 DISPOSITION 

Chapter two presents the applied theory, the  DIOS-model. Chapter three discussed the method 

of this investigation. Chapter four describes the organisation that has been the object of 

interpretation by the  DIOS-model. Chapter five presents the very empirical application and its 

assessment while chapter six discusses some theoretical shortcomings of the theory. Chapter 

seven gives a summary of findings and final conclusions. The Reference section provides 

2 We have previously proposed a theoretical approach for answering these questions  (Eriksson  1998). 
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Chapter 1: Introduction 

references that are used explicitly in this text while the Bibliography section gives references 

over the works of J.L. Le Moigne. These may be of interest for those who would like to 

acquire a broader understanding of his theories. Finally, the Appendix section contains re-

prints of three articles by the present author that have been previously published in scientific 

journals. They all present research that is related to the study presented in this report. 
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Chapter 2: The Decision-Information-Operation System Model 

CHAPTER 2: THE DECISION-INFORMATION-

OPERATION SYSTEM MODEL 

Figure 2.1 shows an overview of the theoretical framework developed by J.L. Le Moigne.3  

This study applies the  DIOS-model. This includes the general process theory and the goal-

action modelling tool. The very modelling process that applies the  DIOS-model is guided by a 

general modelling approach called Systemography. The latter is discussed in Chapter 3. (The 

employed theoretical components are shown in Italics in Figure 2.1.) The following 

presentation starts with a description of the general process theory — that is presupposed by 

the very  DIOS-model — than goes on with the  DIOS-model including its various components. 

The goal-action modelling tool is presented in the context of the operation system of the  

DIOS-model. The present account is grounded mainly in Le Moigne (1990, 1994a, 1994b, 

1995a, 1995b). 

Figure 2.1. Illustrates a principal overview of Le Moigne's  Systemics,  (after  Eriksson  
(1997a)). The components illustrated in Italics are employed in this study. 

3  For a more  extensive presentation of this framework see  Eriksson  (1997a). 

21 



time A 

space 

form 	 Process 

d(t,s,ß 

Chapter 2: The Decision-Information-Operation System Model 

2.1 THE GENERAL PROCESS MODEL 

"A process is defined by its exercise and its result /.../. A process exists when there is a 

change in a position of Space-Form reference in time, of a collection of some products, 

identifiable by their morphology — their form." (Le Moigne 1990:46) In other worlds, general 

process theory states that a process is a function or change in the Time-Space-From relation, 

see Figure 2.2 for an illustration. A process may process either information or matter-energy. 

The following examples illustrate the case. A basement room that stores some food during the 

winter is a matter-time process. A computerised database system, as well as manual filing 

system, is an information-time process. A telephone call is an information-space process 

while a bus transport of children is a matter-space process. The calculation of an algorithm is 

an information-form process and a construction of a house or a vase is a matter-form process. 

In practice, however, a process may very well comprise both information and matter-energy at 

the same time. 

While the decision system and the information system of the  DIOS-model process 

only information, the operation system processes both information and matter-energy. 

According to Le Moigne (1990) all systems may be represented as multiple actions or 

entanglements of processes, when referred to general process theory. 

Figure 2.2. Illustrates a model of a general process 
in accordance with the general process theory. 
A process is the difference between the two states 
Si  and S2 where a state is a function of time t, 
space s, and form f. 
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Chapter 2: The Decision-Information-Operation System Model 

2.2 THE DECISION-INFORMATION-OPERATION SYSTEM MODEL 

The  DIOS-model is an articulation of the various functional levels, or subsystems, of a 

complex phenomenon that is perceived or conceived by someone. Hence its aim is to make 

complex and erratic phenomena intelligible by conceiving them in terms of some a priori 

defined general functions and their organisation. It is a model that is founded in the 

experience of system science; for motivations of its development see Le Moigne (1990:59-

64). 

The  DIOS-model comprises three main functional subsystems, these are the 

decision system, the information system, and the operation system. These three are composed 

of some further subsystems. The role of the decision system is to perform decision-making for 

the whole system that the  DIOS-model represents. The role of the information system is to 

memorise information and to act as a coupling that communicates information between the 

decision system and the operation system. Finally, the role of the operation system is to 

perform the work or operations of the whole system; the latter are justified by the very 

purposes of the whole system. Further, the  DIOS-model is said to be recursive, this means 

that the operating system can be articulated, over and over, in terms of the whole  DIOS-

model. For an illustration of the  DIOS-model see Figure 2.3. In the following, a more specific 

description is given about of the three basic subsystems of the  DIOS-model. 

2.2.1 THE DECISION SYSTEM MODEL 

The decision system4  includes three basic functional subsystems that are all necessary in order 

to perform decision-making. These three are the intelligence function, the design function, 

and the choice function. The role of an intelligence function is to formulate a decision-

problem, which also includes some decision criteria. This is done by establishing a divergence 

between what-is and what-ought-to-be. This is valid for both the internal situation of the 

system and for its external environment. Therefore there may be established an important 

distinction between an internal intelligence function and external intelligence function. In 

business organisational terms it can be said that internal intelligence is the control and audit 

functions while an example of the external intelligence is the market research function. 

4  LMS' Decision theory is adapted from H.A. Simon (1960). However, LMS' notion includes an additional 
articulation of the cognitive decision-making loops. 
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Figure 2.3. Illustrates the Decision-Information-Operation System model 
together with its three basic functional subsystems, the Decision System  
(DS),  the Information System (IS), and the Operation System (OS). 

A system's ability to establish the gap between what-is and what-ought-to-be, for both its 

internal and external situations, makes it possible to establish its own identity. 

A second function of the decision system is design. Its role is to conceive/invent 

one or more alternatives for solving a problem, that is, bridging the gap between what-is and 

what-ought-to be, as established before by the intelligence function. Again, a distinction 

between internal design and external design is fruitful. In terms of business organisation, an 

example of internal design is the planning function while an instance of the external design 

function is marketing. 

Thirdly is the choice function. Its role is to select the most suitable alternative of 

means, as generated by the design function and in reference to the criteria formulated 

previously by the intelligence function. This is in order to solve the problem that was also 

formulated in the intelligence function. In its functioning, the choice-function has three 

cognitive decision loops, or functions. These are the re-design loop, the re-finalisation loop, 

and the re-justification loop. The re-design function loops from the choice function to the 

design function, the re finalisation function loops from the choice function to the intelligence 
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Chapter 2: The Decision-Information-Operation System Model 

function while the re-justification function loops from the choice function to the intelligence 

function. For an illustration of the decision model with its various functions see Figure 2.4. In 

the following an account of the three decision-making loops is given. 

The decision-making loops 

hi operational terms when the intelligence function has formulated the problem to 

decide about — by establishing the is-ought distinction — and when the design function has 

conceived one or several propositions for overcoming that gap, ideally the choice function 

would select one alternative that is most suitable. This choice would then be communicated 

via the information system to the operational system for implementation. However, a 

selection is not always possible in practice, especially in complex situations that are often 

characterised by multi-criteria decisions where optimal solutions can not be found. This can 

be because no satisfactory alternative has been conceived by the design function or because a 

discrimination of the most suitable alternative is not possible. Anyhow, if the choice function 

is unable to exercise successfully a selection it is then supposed to feed back to the design 

function so that the latter is given opportunity to invent some other options. If a selection of 

an alternative is not possible, even after several activations of the re-design loop, then the re-

finalisation loop is to be activated. It implies that instead of asking the design function to 

invent some other options for the problem solution, the intelligence function is asked to re-

formulate the very problem, that is, the is-ought distinction. This intelligence phase is then 

followed by the phases of design and choice. However, if several re-finalisation loops are 

activated without the outcome of a successful choice, the re-justification loop is to be 

activated. This implies that the very processor(s) that exercises the process of problem 

formulation is to be transformed — by transforming its criteria for conception of problems. In 

terms of business organisation such an exercise may imply that an executive officer is 

exchanged, another example may be that the staff that conceives problems is exposed to a 

process of education and/or training, which results in another behaviour for similar situations. 

In summery, it can be said that the re-design loop is about how-to-solve a problem, the re-

justification loop is about what-to-solve, and the re-justification loop is concerned with why-

to-solve. For an illustration of the decision system together with its cognitive loops see Figure 

2.4. Further, the intelligence, design and choice functions are recursive. This implies that each 

of the three phases can be, over and over, further articulated in terms of the very same 

intelligence-design-choice cycle. 
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Chapter 2: The Decision-Information-Operation System Model 

For a complex system to survive, it is of fundamental importance that the three 

decision functions, together with its three decision loops, function well. This is since they are 

a system's means of adaptation. Hence, if a system's stability, or homeostasis, is challenged 

by some complexity and variation, either internal or external — or even both — then it is the 

duty of the decision system to decide how to adapt the system so that it can overcome 

eventual difficulties. Such an adaptation is likely to be less successful if the functions of the 

decision system are malfunctioning. 

Figure 2.4. Illustrates the decision 
System of the  DIOS-model, together 
with its decision functions. 

2.2.2 THE INFORMATION SYSTEM MODEL 

The information system represents the coupling between a decision system and an operation 

system. The cybernetic conception of a complex system (see for example Beer 1979, 1981) 

postulates that there is a direct and unproblematic relation between the decision (or meta, or 

management) system and the operation system. While  DIOS-model's notion implies that such 

a relation is of a more complex nature and has its origins in the phenomenological hypothesis 

that states that we can know only the representations of subject-object interactions. This 

complex relation between a subject and an object (or a decision system and operation system, 

or observing and observed system) is manifested in the information system function. The 

relation between the phenomenological hypothesis and the information system is supported by 

the primer's property that implies the inseparability between a tangible action and its 

symbolic representation of the same. It means that every action is accompanied by a conjoint 
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emission of its specific representation through symbols. In operational terms, the decision 

system elaborates decisions for actions, which are registered, memorised and transmitted to 

the operation system for implementation. 

Modelling of  DIOS'  information system is based in Newell and Simon's (1972) 

information processing system theory. That model is a conjunction of four informational 

functions, the designation or generation, the communication or transmission, the 

transformation or computation, and the memorisation or storage. According to the  DIOS-

model, the three firstly mentioned functions of the information system are well known while 

the memorisation function is not. The latter is postulated to be one of the key issues in the 

comprehension of complex systems and is given a major account by Le Moigne (1990). In the 

following this memorisation function will be described more closely in accordance with the 

Information System theory. 

The memorisation function of information system 

The main argument of taking into account the memory of a system is that this 

takes into account the studied system's potential behaviour and not only its actual behaviour. 

Such an approach may be essential for managing the complexity of the system and its 

environment, and therefore to survive. 

Starting from the assumption that the goal of a complex system is to survive, it is 

a system's ability to adapt to both internal and external variations that will determine its 

success or failure. A system that is conceived without a memory needs some filters that 

perform a reduction of some of the variety of the challenging complexity, by ignoring it. The 

system needs also to manifest a great actual variety of it self in order to cope with the 

challenges of complexity. On the other hand, a system that is conceived together with its 

memory — which the  DIOS-model admits — gives not only account for a system's actual 

behaviour (its synchronicity) but also for its potential behaviour (its diachronicity). That is, 

such a conception gives an account for what a system's behaviour is and what it could be. The 

conception of memory, therefore, contributes to the overall economy of a system and its 

ability to survive. This is so because a system with a lesser number of processors and with a 

smaller actual variety may very well be potential to manifest a greater total variation of 

behaviour when compared to another system that has a greater number of processors and 

greater actual variety. This is so since the memory-conceived system may manifest only the 

behaviour that is actually required and thus memorise a great amount of behaviour that is not 

needed at the moment, but may very well be at another time. Such an approach is not possible 
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with a system whose memory is not conceived. Instead it needs to manifest all its behaviour, 

even such that is not required at the moment. Thus, the concept of a system's memory allows 

the system modeller to take into account the great richness that a system's organisation posses 

and therefore increase the potentiality to manage a system more successfully. Seen from the 

point of Organisational Richness, Le Moigne (1990) gives the following example that 

illustrates the advantage of a memory-conceived system. 

Assume that a system consisting of  N  processors is to be organised so that it can 

solve a problem. Assume also that each of the processors has only one part of information that 

is required to solve the faced problem. In such a case, at least three organisational 

configurations may be conceived. First, is the hierarchical form, see Figure 2.5.A. Relative to 

the two other organisational forms, the hierarchical organisation requires few interactions 

between its processors in order to combine the necessary information and thus to solve the 

problem. This would mean a low behavioural cost of the organisation. However, it would also 

mean a high fragility since a single error may comprise the whole process of problem solving. 

Further, due to the lack of an organisational memory, the ability of actualisation of potential 

behaviour is low, hence so is the organisational richness. 

Secondly is the anarchical form of a system's organisation, see Figure 2.5.B. 

Compered with the two other organisational forms, the anarchical organisation requires a 

great amount of interactions between its processors in order to combine the necessary 

information and thus to solve the faced problem. However, because of that great amount of 

interactions, this organisational form manifests a great robustness — or low fragility — in its 

behaviour. Similarly to the hierarchical form though, the anarchical organisation lacks an 

organisational memory, which makes its ability to actualise some potential behaviour low, 

hence so is its organisational richness. 

Finally, the systemic notion of an organisational form is the memory centred 

model (that implies N+1 processors), see figure 2.5.C. This form implies that each 

organisational processor is able, in a liberal way, to relate itself to the organisational memory. 

This, in turn, means that the organisational costs to solve a faced problem is a little higher 

than that of the hierarchical form, yet a little lower than that of the anarchical form. The 

organisational robustness is a little higher than that of the hierarchical form and a little lower 

than that of the anarchical forms (the reverse yields for its fragility). Because of the high 

ability to actualise potential behaviour, however, the organisational richness of the memory 
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centred organisation is by far superior in relation to the two other organisational forms,5  hence 

so is its ability to mange complexity and to survive. See Table 2.1 for a juxtaposition of the 

three organisational forms. 

A. Hierarchical organisation  B.  Anarchical organisation  C.  Memory-centred organisation 

Figure 2.5. Illustrates three forms organisation: Figure 2.5.A shows 
the hierarchical form, Figure 2.5.B shows the anarchical form, and 
Figure 2.5.0 show the memory-centred form. 

Table 2.1. Illustrates a juxtaposition of the three compared forms of organisation: 
the hierarchical form, the anarchical form, and the memory-centred form. 

Hierarchical form Anarchical form Memory-centred form 
Global costs: low high medium 
Fragility: high low medium 
Organisational 
Richness: 

low low very high 

Finally, the information system's memorisation function is defined in the following way: 

"Recording and Engraving, Indexing and Addressing, Duplication and Copying, Re-

configuration (or Association) and Accessibility, endogenous Re-organisation (Forgetting)... 

of Symbols and Configuration of Symbols." (Le Moigne 1990:100) 

2.2.3 THE OPERATION SYSTEM MODEL 

While the  DIOS-model equips the modeller with stable and general models of the decision 

system and the information system, this is not the case with the operation system. The 

modelling of a system's operations must be done through specific constructions for each 

system, without any a priori model to be used as a support in their conception. The  DIOS-

model provides, however, a principle for establishing a specific model of an operation system. 

5  Le Moigne (1990:94) gives the following comparison of the global organisational costs of the three discussed 
organisational forms. Given that  N  is the number of processors and a, ß, a are coefficients. The estimation of 
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This principle is called here the goal-action modelling tool. Also, as mentioned previously, 

the  DIOS-model is considered to be recursive, which implies that an operation system can be 

conceived in terms of the whole  DIOS-model as such. In the following a description is given 

of the goal-action modelling tool for model construction of operation systems. 

The Goal-action modelling tool 

"Nothing is less complex than the interrelation between two processors." (Le 

Moigne 1990:52) An active entity becomes a system when two or more processors — that 

constitute the system — can be observed by its observer. Le Moigne (1990) has shown that a 

system composed of only two processors is capable of establishing at least sixteen 

interrelations, including the feedback relations. This implies, in turn, that the system may 

manifest at least sixteen different types of behaviour. The interrelation of  N  processors — or 

the network of processors — increases rapidly complexity of a modeller's cognition that 

challenges the modeller. The increasing complexity, or complexification, leads to the 

recognition of an emergence of new behaviour(s) in the observed system. Such an emergence 

is rarely predictable through linear computing hence considered as counter-intuitive. The 

goal-action modelling tool is a principle that aims to support building of models that make 

complexity intelligible, although not necessarily explicable. This principle is inherited from 

Simon's (1969) theory "The Architecture of Complexity", which postulates the goal-related — 

or projective — functional stratification of complex systems. 

The goal-action modelling tool builds on two basic assumptions, the teleology of 

human cognition and the organisation of the functional subsystem. The primer assumes that 

all knowing is necessarily constructed in relation to some goals as conceived by the knowing 

subject. The second assumption implies that complex systems should be organised in 

functional subsystems related to some goals, eventually manifesting a hierarchy of functional 

levels. This assumption builds on empirical observations that show that when a higher number 

of processors comprise a studied system — which is common in complex situations — human 

cognition becomes challenged, but, at the same time, the same cognition tends to conceive or 

perceive such variety with certain regularities. These regularities show that while the amount 

of internal (endogenous) interrelation in a subsystem is great, the opposite can be stated 

concerning the external (exogenous) interrelations, that is, the amount of interrelations 

costs of the hierarchical organisation form is C(0) = a  N,  the estimation of the anarchical organisational form 
costs is C(0) = 13 N2, and the estimation of the memory-centred organisational form costs is C(0) = a  N  log  N.  
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between the various subsystems in a system is low. Consequently, the goal-action modelling 

tool states that when facing a complex and even erratic situation, it should be possible to 

distinguish some regularities, patterns and later subsystems, whose behaviour should be 

arranged and made sense of in relation to some goals. These goals may be, equally well, 

freely invented or given by the investigated situation. Hence, an operation system may be 

articulated in terms of functional levels related to some goal(s). 
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CHAPTER 3: THE METHOD OF INVESTIGATION 

This chapter describes the method that was used in order to carry out the empirical application 

of Decision-Information-Operation System model  (DIOS-model). We first describe the 

general system-modelling framework that has guided the model construction process. Then 

the choice and focus of the modelled system is discussed, followed by the description of data 

collection and interpretation. Finally, we discuss the assessment approach in this study. 

3.1 SYSTEMOGRAPHY: THE MODELLING APPROACH 

The approach to system modelling follows the direction given by the work of Le Moigne, 

which is called Systemography (Le Moigne 1990, 1994a) — see Figure 3.1 for an illustration. 

The idea of Systemography6  is that a phenomenon of interest — for example a business 

organisation — is conceived or interpreted in terms of an a priori system model (a model 

theory) — for example the  DIOS-model. Such an interpretation may result in one or several 

models of the system that is modelled. The relation between the model theory and the models 

of the modelled system is isomorphic.' While the relation between the modelled phenomenon 

and the models of it, is homomorphic.8  

3.2 THE MODELLED SYSTEM 

The modelled system in this study is a business organisation called here fictively Alfred, 

together with its owner Pluto (a more detailed presentation of these is given in Chapter 4). 

The following were reasons for selecting this organisation as an object for modelling. 

6 
Soft Systems Methodology uses a very similar modelling approach, see for example Checldand and Holwell 

(1998). 
7  Le Moigne (1994a:77) defines isomorphism as: "A bi-jective correspondence, such that to each element of the 
beginning ensemble (the model) only one element of the end ensemble (object) and reciprocally, corresponds. 
This correspondence is transitive, reflexive and symmetrical. In other words, isomorphism refers to a relation 
between two objects that have identical form. 
8  Le Moigne (1994a:77) defines homomorphism as: "A sur-jective correspondence, such that to each element of 
a beginning ensemble corresponds at least one element of the end ensemble, without reciprocity. This 
correspondence is transitive and reflexive but not symmetrical. In other words, homomorphism refers to a 
relation between two objects that have similar forms, yet not identical, 
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Firstly is opportunity. The conducted modelling was possible to take place in that organisation 

because its management was willing to allow it, and more importantly, they were interested in 

an eventual help with interpreting the situation in their organisation. 

Figure 3.1. Illustrates the modelling approach Systemography, 
(after: Le Moigne 1990, 1994a). 

Secondly, according to Le Moigne (1985, 1986, 1986, 1987), Le Moigne and 

Sibley (1986) and Le Moigne and van Gigch (1989, 1990), the  DIOS-model is particularly 

pertinent to model knowledge-oriented organisations. The selected organisation did fulfil that 

criterion. Briefly, by knowledge-oriented organisation it is meant that the majority of an 

organisation's kernel processes concern the production of knowledge and/or that its main 

asset is knowledge for production of products and/or services. 

Thirdly, the modelled organisation was in a state of crisis, which made it 

especially suitable for modelling. This is so because the modelling ability of the  DIOS-model 

may potentially manifest itself more clearly in such a situation. 

Fourthly, the size of the selected organisation and its geographical location made 

it suitable for the available research resources. 
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3.2.1 MODELLING FOCUS 

The modelling performed in this study focused Alfred Company as a whole. In accordance 

with the  DIOS-model approach, such modelling requires that the modelled system's 

environment is included (exogenous view) in the modelling process. This including both the 

Pluto Concern, which was Alfred's owner, and the Defence Material Administration, which 

was its main customer. Further, the  DIOS-modelling approach asks also to investigate the 

internal environment (endogenous view) of the system in focus. Since it was not possible to 

model all internal environment a selection had to be done. The choice of Vehicle Technology 

unit for that purpose was motivated by the request from Alfred's management and was 

grounded in the crisis that prevailed there. 

The following were steps of the model building process. First, modelling of goals 

in accordance with the goal-action modelling9  tool. Goal-models of Pluto Concern, Alfred 

Company and Vehicle Technology unit, were constructed. Second, adaptation models were 

built of Alfred Company and Vehicle Technology unit. Third and final step used information 

provided by the previous steps for modelling of the various functions of  DIOS-model as 

found in Alfred Company and Vehicle Technology unit. 

3.3 DATA COLLECTION AND INTERPRETATION 

A qualitative approach was employed to collect and examine data  (Eisenhard  1989; Miles & 

Huberman 1984; Yin 1989). This approach facilitated gathering of a variety of different 

actor's interpretations and opinions of the studied organisation. Detailed data collection was 

conducted through unstructured interviews, written inquiries, reviews of documents, and filed 

observations. More than 20 interviews were conducted, which was the main data collection 

source. Each interview lasted for circa an hour and was recorded on magnetic tapes. The 

interviewees were mainly staff from the Vehicle Technology unit, together with two officers 

that were members of Alfred's steering board. The marketing unit was also inquired. The 

three common starting interview questions were "What do you do?", "Why do you do what 

you do?", and "How do you do what you do?". These questions gave rise to more spin-off 

questions. Further, reasons for the organisational problems were also inquired during these 

9  The original label for what is called here goal-action modelling tool is "Teleological Complexity of Functional 
Levels". 
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interviews. Reviewed materials included financial reports, promotional material, routine 

manuals, etc. Observations and discussions with various workers were also made throughout 

the study. 

The collected data was organised into groups in accordance with the used 

modelling theory — the  DIOS-model (see Table 3.1 for an example of the data classification 

process). Then, the grouped data was analysed in order to find stable patterns and divergences 

from these. When questions emerged concerning unclear or contradictory statements a 

clarification of these was made with the interviewees. 

Table 3.1. Shows an example of the data classification process. 

Data collected in interviews Corresponding concept in 
the model theory 

"be the leader within information technology 
solutions in Scandinavia" 

Goal 

"We needed promotion support at corporate 
political level in order to get such a deal but 
we had none." 

External Design 

"We 	do 	not 	know 	what 	our potential 
customers need, how they think or behave, we 
don't know our competitors. In short we don't 
know our new market." 

External Intelligence 

3.4 ASSESSMENT 

Finally, an assessment of the empirical application of the  DIOS-model was made. This was 

done by reflecting upon the process of modelling and its result in relation to some general 

questions. The following are examples of such questions: Did the  DIOS-model guide the 

modelling process, and if so how well? Did the obtained models of the studied organisation 

provide intelligibility of the situation so that a sense of understanding was obtained? Did the  

DIOS-model support identification of malfunctioning in the studied organisation? Did the  

DIOS-model provide suggestions for how to overcome the identified shortcomings? 
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CHAPTER 4: PRESENTATION OF THE MODELLED 

ORGANISATION 

In this chapter we describe the system that has been modelled with the help of Decision-

Information-Operation System model  (DIOS-model). The modelled system is a business 

organisation and will be labelled here fictively Alfred.1°  The presentation starts with a 

description of Alfred Company as such, it proceeds then with a description of its owner Pluto 

Concern, and ends with an articulation of a serious problem that Alfred Company faced. This 

presentation provides only the very necessary information for an understanding of the 

modelling act presented in the next chapter. 

4.1 ALFRED COMPANY: THE MODELLED SYSTEM 

Alfred was located in the very middle of Sweden and had approximately 80 employees. Its 

sales turnover was circa 70 million Swedish Crowns per year and it was owned by a large 

Swedish concern called here Pluto Concern. Alfred's core business activities may be 

described from two perspectives. First, the very material that were objects of Alfred's 

business activity and secondly, the procedures or services that Alfred provided by applying 

them to those objects. 

The material consisted of two types. One was the material for an airport's internal 

and external infrastructure that was ground-bounded. This included also maintenance and 

rescue material. Examples of these were refuelling equipment or a snowplough. The second 

type was vehicle and road informatics. This was material for identification, measurement, 

visualisation, quality test, and processing of information. Examples of such were air and road 

temperature sensors or an electronic control system for a vehicle's functioning. 

Secondly, Alfred's actions upon the just mentioned material implied the whole so-

called life-cyclei 1  process of a material. It included phases like explorative and preparatory 

studies, construction of requirements specifications, design of new material or modifications 

of existing, physical construction and re-construction of prototypes, and the tests of these. 

10 The fictive names are used on the request of the investigated organisation. 
11  By 'life-cycle' of material is meant all the phases that a material — for example a snowplough — goes through 
during its existence. Typically, this may include requirement studies, design, prototype construction, re-design, 
construction, implementation, maintenance, and liquidation. 
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Further, computer simulations, identification of suitable suppliers, delivery evaluations, 

implementation support, education and training support, maintenance management of material 

including problem identification and solution, and finally overall project planning and 

management. 

Since the very start in 1969, Alfred's main customer has been Defence Material 

Administration. The latter's roll was to provide Swedish Defence with the necessary material. 

For that purpose Defence Material Administration turned to various organisations and Alfred 

was one of these. Until the beginning of 1990's, Alfred received circa 95 (Ye of its orders from 

Defence Material Administration. The remaining came from other governmentally owned 

organisations such as National Road Administration or Swedish Board of Civil Aviation. 

The value that Alfred provided its customer was that it could tailor the material 

and services in accordance to the needs of its customer, something that few or no one else 

could. In that, Alfred was considered as the foremost in its domain of expertise in Sweden, 

and even in Scandinavia. One of the interviewed said "These guys [Alfred's stuff] and the 

company are number one in the country, no one can really compete with them in terms of 

competence." The main reason for this position of Alfred was the high quality of its work, 

which were said to be a result of the highly put demands from its customer. But also because 

that Alfred provided a whole lifecycle service approach rather than just specialised on one or 

a few parts of it, like its competitors did. Still another reason was that Alfred has had very 

little turnover of personnel, something that contributed to the accumulation of know-how and 

its specific organisational culture. 

4.1.1 ALFRED'S ORGANISATION 

Alfred was organised into six business units and three support units; see Figure 4.1 for an 

illustration. The following units were responsible for Alfred's core operations: 

• Vehicle and Road Informatics unit 

• Ground-bounded Mechanical Material unit 

• Ground-bounded Electronic Material unit 

• Vehicle Technology unit 

• Material Design unit 

• Engineering Workshop unit 
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Alfred's core operations were supported by Personnel and Expedition unit, Accounting unit, 

and Marketing unit. The whole company was managed by a Board of Directors together with 

its Chief Executive Officer. In the following a brief description of each unit is given 

Board of Directors & 
Chief Executive Officer 

Marketing unit 
	

Personnel & 
Expedition unit 

Accounting unit 

Vehicle & Road Ground-Bounded Ground-Bounded Vehicle Material Engineering 
Informatics unit Mechanical Electronic Technology Design Workshop unit 

Material unit Material unit unit unit 

Figure 4.1. Illustrates the organisation of Alfred including its core business units 
and its support units. 

4.1.2 VEHICLE AND ROAD INFORMATICS UNIT 

This was Alfred's youngest and smallest unit consisting only of three employees. It was 

established in 1995 and emerged out of some development projects that took place in the 

Vehicle Technology unit. Alfred's management decided that the business domain that those 

projects represented should have a permanent position within the company since they 

represented an important potential for the company's future. This unit's operations focused 

electronically intensive material such as electronic control system for a vehicles functioning, 

intelligent road lighting system, and instruments for measurement of railway track friction. 

4.1.3 GROUND-BOUNDED MATERIAL UNITS 

Alfred had two units whose operations focused all types of ground-bounded material for an 

airport except for the very vehicles; the latter was the domain of Vehicle Technology unit. In 

both units the operations comprised the whole life-cycle of material except for the logical 
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design and the physical construction phases, which were exercised by Material Design unit 

and Engineering Workshop unit, respectively. The difference between Ground-bounded 

Mechanical Material unit and Ground-bounded Electronic Material unit was, as the names 

suggest, that the primer focused the mechanical components of the material while the latter 

focused electronics of the same material. The mechanical unit had been with Alfred since the 

very beginning of the latter's existence while the electronics unit was acquired from another 

company in 1995. Both units had nine employees each. 

4.1.4 VEHICLE TECHNOLOGY UNIT 

This unit's operations were concerned with vehicles that were used at airports but also with 

some material associated with these vehicles. Its operations were articulated into four main, 

stable and dominating operational domains that were a) field maintenance vehicles and 

material,  b)  fire and rescue vehicles and material,  c)  security and maintenance of vehicles and 

material, and  d)  special vehicles. There were also some other domains that this unit worked 

with on a more temporary and changing basis. The services that this unit mainly provided 

were construction of material's requirement specifications, testing and implementation of 

material, maintenance and support of material and technical studies and security of material. 

The unit had fifteen employees. Each of the four mentioned operational units had two 

permanently assigned actors while the other actors changed their domain of work depending 

on the current demands. The present study of Alfred Company had a particular focus on the 

Vehicle Technology unit. 

4.1.5 MATERIAL DESIGN UNIT 

This unit's operations were the logical design of mechanical and hydraulical material. It 

consisted of eight employees and it had been with the Alfred since its start. Its orders came 

exclusively from other units within Alfred. 
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4.1.6 ENGINEERING WORKSHOP UNIT 

This was the largest unit consisting of eighteen employees. Its operations were physical 

constructions of mechanical material and it received the majority of its orders from other units 

within Alfred. 

4.1.7 MANAGERIAL AND ADMINISTRATIVE UNITS 

Alfred's Accounting unit had four employees where two of these acted as auditors/controllers 

while the two remaining handled overall economic administrations. The Marketing unit was 

established recently, in 1996, and had only one employee. Its main task was to develop new 

markets for Alfred, particularly civil markets. 

Finally, the Board of Directors together with the Chief Executive Officer was 

responsible for directing Alfred Company by setting its goals and securing their attainment. 

Chief executive officer worked closely with the Marketing unit, with promotions and attempts 

to develop new markets for the company. 

4.1.8 CO-ORDINATION AND WORK-PROCESSES 

The various operations that Alfred exercised were mainly carried out in project-form that 

means goal-oriented work-processes that had well defined recourses and limited existence in 

time. Ground-bounded Material units, the Vehicle Technology unit and the Vehicle and Road 

Informatics unit mainly received Alfred's orders, these had the overall responsibility for 

managing and caring out of those projects. These units turned to the Material Design and the 

Engineering Workshop units and also to external organisations for those part of a project's 

operations that they needed but could not perform themselves. Thus the co-ordination 

responsibility was on the project managers. 
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4.2 PLUTO: THE OWNER OF ALFRED 

Pluto Concern owned Alfred Company and was established in 1995. In 1996, Pluto Concern 

employed approximately 4850 persons, it had circa 4352 millions Swedish Crowns turn over 

and a result before tax of circa 179 millions Swedish Crowns. The Pluto Concern was owned 

by shareholders and its shares were transacted at Stockholm's exchange market. 

The focus of Pluto's business operations was information technology. Its vision 

was defined as: "[Pluto] shall be the leader in information technology solutions in 

Scandinavia" Its strategic statement was "[Pluto] develops and delivers competitive 

integrated information technology and communication solutions that satisfies the customer's 

needs in regard to both general and branch specific solutions. Alfred's operations took 

place mainly in Sweden although some activities were also performed in the other parts of 

Scandinavia and in Germany. 

4.2.1 THE ORGANISATION OF PLUTO CONCERN 

Pluto Concern consisted of approximately 80 business units of which Alfred was one. These 

business units were organised into circa 20 so-called operative domains. Further, the latter 

were organised into four core business domains and three adjunct business domains. The four 

core business domains were: a) Systems Solutions,  b)  Applications,  c)  Infrastructure and 

Platforms, and  d)  Operative Services. While the adjunct business domains were:  e)  

Information Technology Management, f) Pluto Partner, and  g)  Foreign Activity. The 

following is a brief description of each business domain together with an allocation of the 

investigated Alfred Company. 

Systems Solution's aim was to cover areas of computer systems development, 

integration and maintenance of customer specific information technology solutions, or larger 

adjustments of standard applications. 

Applications' aim was to construct software products of more general character, 

which are not unique for one customer's needs. 

Infrastructure and Platforms' domain was the physical and technical base of 

information technology systems. It covered both communication and computer platforms. The 

investigated Alfred Company belonged to this core business domain 
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Operative Services' aim was to offer functions required for maintaining 

functionality of existing information technology systems. 

Information Technology Management focused overall strategic perspective of 

information technology and its support for business process development. 

Pluto Partner's aim was to offer larger customers outsourcing possibility by 

offering them the whole scope of Pluto Concern's services. 

Foreign Activity was mainly occupied with information technology management 

and systems solution operations outside of Scandinavia. 

4.2.2 TRANSFORMATIONS OF PLUTO CONCERN 

In this part a brief description is given of the organisational transformations that Pluto 

Concern and its predecessor went through. These will show pertinence for the modelling 

carried out in the next chapter. 

During the inter-war years, the Swedish Defence established an organisation 

whose aim was to support the Swedish Defence with necessary material, its name was 

Defence Material Administration. One of the latter's sub-organisations was the Central 

Airport Workshop unit. In 1969, a branch to that unit was established, it was called Special 

Support unit and would later provide foundations for the emergence of the Alfred Company. 

At the time of its establishment, Special Support unit's main operations covered maintenance 

and modification engineering. An adjunct activity was special technological recourses. Soon 

the adjunct activity became the main activity of Special Support unit. Special Support unit 

consisted of a number of sub-units, one of these was the Vehicle Support unit. The latter 

became later Alfred Company. During the years, parts of Defence Material Administration 

was organised into an organisation called Defence Material Support, were the Special Support 

unit came to be. Defence Material Support changed its juridical status in 1991 from having 

been a governmental organisation to a public owned company. The same year, this Defence 

Material Support Company was bought by another publicly owned company, the Kelvin 

Concern. At the same time, Kelvin Concern bought three other major publicly owned 

companies, namely, Bolus,  Kolus,  and  Tolus.  

After this procurement, Kelvin Concern re-organised itself. In that re-organisation 

Special Support unit was transferred from Defence Material Support organisation to  Tolus  

organisation. Still in 1991, Kelvin Concern organised itself into two main sub-concerns, the 

Kelvin Information Systems and the Kelvin Defence Industry. All these re-organisations 
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implied that the Vehicle Support unit, that would later become Alfred, belonged to the Special 

Support unit, that in turn belonged to the  Tolus  organisation, which was part of the Kelvin 

Information Systems Concern. For an illustration of this description see Figure 4.2. Next, in 

1993 the two sub-concerns of Kelvin Concern were transformed to two independent concerns 

and introduced on the stock market, and thus became privately owned. At the same time all 

sub-units of the Special Support unit changed its juridical status from being a sub-organisation 

of the latter into being independent companies. Kelvin Information Systems Concern owned 

these, however. This latter process transformed Vehicle Support unit into Alfred Company. 

Figure 4.2. Illustrates transformation of the Kelvin Concern where the Special Support unit 
was transferred from the Defence Material Support to the  Tolus  organisation. 

4.3 THE PROBLEM OF ALFRED 

Alfred Company was in a serious state of crisis at the time of the present investigation. The 

following provides a short description of these circumstances. In short, Alfred's problem was 

that it could not reach its budgeted goals and also had a loss. The latter was particularly 

serious since it threatened the very existence of Alfred. The following is some background to 

the emergence of this critical situation. 

Since the very beginning of Alfred and its precursor's existence, the main 

customer was the Swedish Defence, and later the Defence Material Administration. It 

provided Alfred continuously and in a very stable manner with orders. At the end of 1980's 

and beginning of 1990's a decrease in the order income rate emerged — as one of the 

interviewed officers put it: "In the beginning of the 1990's we got some signals that there will 

probably be a decrease in demand for our services." Our interviewees gave several reasons 
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for this change in demand. One was economic recession in Sweden that made the government 

to cut down on the budget of the Swedish Defence, which made the latter to decrease its 

material purchase. A second reason was the political change of the cold war with the collapse 

of Soviet Union and the Warsaw-pact. This change made the Swedish government to decide 

for a smaller Defence Force. Yet another reason for the decrease in the rate of order income 

was related to Alfred's competence. While its competence was mainly in mechanical 

engineering of vehicles and material associated with these, the military material started to 

become more an more electronically intensive on the expense of the mechanical aspects. 

As a reaction to all these changes and the caused problems, Alfred designed and 

implemented changes in its strategy. This implied attempts to enter new civil markets with 

Alfred's traditional services, attempts to develop new types of services, and also attempts to 

develop new products for both traditional and new markets. All these attempts did not 

succeeded very well and the company faced serious survival problems. It was at this moment 

that the present investigation took off, as presented in the next chapter. 
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CHAPTER 5: MODELLING AND ITS 

ASSESSMENT 

This chapter describes an application of the  DIOS-model to an organisation and its 

selected subsidiaries in three parts. The first part uses the goal-action modelling tool. 

The second part applies the decision functions of the  DIOS-model to Alfred 

Company. In the third part, various functions of the  DIOS-model are applied to the 

Vehicle Technology unit of Alfred Company. The chapter ends with an assessment 

and conclusions. 

5.1 GOAL-ACTION MODELLING 

Models of Alfred Company were built using the goal-action modelling tool. Three 

functional levels (business, general operative and particular operative) and their 

respective goals were defined. The middle level is Alfred Company. Its owner, Pluto 

Concern (exogenous), represents the level above while the Vehicle Technology unit 

(endogenous) of Alfred Company represents the lower level. 

Firstly, we examined the degree to which the goals at each level were 

reached. Tables 5.1, 5.2 and 5.3 show that none of the levels reached either the 

business or social goals and that only Pluto and Alfred partly attained its operational 

goals. 

Secondly, a comparison between Pluto Concern and Alfred Company's 

operational goals shows that they diverge, see Table 5.1 and Table 5.2. While Pluto 

Concern's operations were within the information and communication technology 

domain, Alfred Company's domain was more directed toward the material for 

airport's internal and external infrastructure, with a heavy emphasis on vehicle 

technology. The divergence between the goals of Alfred Company and its owner, 

Pluto Concern is shown in Figure 5.1. 

A reason behind Alfred not reaching its goal was an inadequate budget: 

Alfred's business goals were unattainable. The budget incorrectly assumed that 
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several projects in the Vehicle and Road Informatics unit would be completed and 

would generate income. They did not. In addition to not receiving the budgeted 

income, unfinished projects incurred unbudgeted expenses making the budgeted goals 

even more unlikely to be reached. 

The problem of divergence between the operative goals of Alfred 

Company and Pluto Concern were due to the lack of a common operative point of 

view. As one of Alfred's officers put it: "/.../ it was when things started to go wrong, 

we [Alfred] and our owner [Pluto Concern] have nothing in common." Alfred's 

operations were directed towards a particular kind of vehicle technology while the 

Pluto's operations were focused on businesses information technology. Pluto's only 

interest in Alfred was the profit that the latter generated. This became apparent when 

Alfred did not deliver the budgeted profit and instead asked for a financial support. 

Pluto refused it and ordered a down-sizing process. The reason for the divergence of 

operative goals was Pluto's own re-organisation. As stated in the previous chapter, 

Pluto had been a part of a larger concern that operated both in information technology 

and in the defence industry. However, before Pluto became independent, Alfred was 

transferred from the defence industry domain to the information technology, for 

unspecified reasons. According to the goal-behaviour modelling approach (see 

Chapter 2), this transfer was inappropriate for the goals of the various functional 

levels of a system ought to relate to each other. This conflict of interests was further 

aggravated when Pluto experienced problems in reaching its own budgeted goals and 

looked for changes within its various businesses. 
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Table 5.1. Pluto Concern's Goals and Attainments. 

Goals Attained 
Business: 1. To grow at the market with 

circa 8 7_10%.  
2. To increase efficiency so that 
profitability increase 6-7 go. 

No 

No 

General Operative: 1. To "be the leader within 
information technology 
solutions  in Scandinavia".  
2. To sell services that "improve 
efficiency and renew the 
customers business and 
operative processes and also 
infrastructures with information 
technology." 

No 

Yes 

Particular Operative: To streamline Pluto's operative 
units so that all units should 
operate only with information 
technology. 

No 

Table 5.2. Alfred Company's Goals and Attainments 

Goals Attained 
Business: 1.To generate A amount of 

profit.  
2. To generate the  B  amount of 
profit from the development 
projects.  
3. To go into the civil market 
with the  C  amount of the 
turnover volume. 

No 

No 

No 

General Operative: 1. To provide know-how within 
the whole life cycle of material 
for the airport's internal and 
external infrastructure and for 
vehicle and road informatics. 
2. To finish development project 
Vehicle Control System. 

Yes 

Yes 

Particular Operative: To provide a meaningful 
occupation and well being for its 
employees 

No 
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Table 5.3. Vehicle Technology unit's Goals and Attainments. 

Goals Attained 

Business: 1. To generate A amount of 
profit.  
2. To go into the civil market 
with the  B  amount of the 
turnover volume. 

No 

No 

General Operative: 1. To provide its customers with 
know-how within fire and 
rescue material technology, and 
within special vehicles and filed 
maintenance technology. 

Yes 

Particular Operative: To provide a meaningful 
occupation and well being for its 
employees. 

No 

Figure 5.1. Goal consistency between levels. 
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5.2  DIOS  MODELLING OF  ALFRED COMPANY  

We now turn to decision functions of  DIOS-model and apply them to Alfred 

Company. We will firstly build a model of Alfred Company's adaptive behaviour, 

secondly Alfred's adaptive policies — as identified in the previous step — are examined 

in terms of the three decision functions: intelligence, design, and choice. 

5.2.1 ALFRED COMPANY'S ADAPTATION PROCESS 

Figure 5.2. Alfred Company's adaptation. 

Figure 5.2 illustrates the five stages of Alfred's adaptation. 

I Stability:  Since its creation at the end of 1960's, Alfred Company had 

not encountered any major internal or external changes until the situation that is 

modelled here. Its environment has been stable for a period of circa twenty years. The 

main reason for that was that Alfred's organisation has been designed to fit as well as 

possible its only customer, the Defence Material Administration. The latter has had a 

very stable and slowly increasing demand for the services that Alfred provided. This 

situation made it uncomplicated for Alfred's managers to plan, or as one of the 

interviewed officers expressed it: "The main problem was that we had more demand 

than we could handle but this was a nice problem!" 
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II Change: Since the beginning of 1990's, Alfred Company has 

encountered a set of external and internal changes simultaneously. These changes 

made Alfred not to reach its budgeted goals and then it made it design and implement 

adaptive actions in order to re-gain its ability to reach its goals. See Figure 5.3 for an 

illustration of the relation between the external and internal problems and the 

modelled system. 

The external or environmental changes that Alfred Company faced can be 

organised into four groups. The first concerns Alfred's main customer, the Defence 

Material Administration. This started to decrease the volume of orders that it provided 

Alfred Company with. The reasons for that decrease were multi-faced but may be 

summarised in that the Swedish Defence's budget was drastically decreased. The 

consequences of this decrease in demand were that Alfred's employees were partly 

unoccupied with any order, which in turn increased the overall costs of Alfred, and 

thus provided an obstacle to reach its budgeted goals. 

The second issue concerns the change of the type of material that Alfred's 

customer demanded. Traditionally, Alfred's services were focused on mechanics of 

the served material. However, the development of modern vehicle technology implied 

that vehicles had increasingly more electronic components in it. The implications of 

this change of the served material were that Alfred's know-how did not match 

perfectly the know-how that was requested from its customer. This in turn implied 

that Alfred became less attractive to its customer and had more difficulties in 

acquiring new orders. 

The third issue concerns the change in Alfred's legal status. More exactly 

before the change Alfred was a part of its owner's organisation, while after the change 

it became a company on its own, though still owned by the same owner. This change 

had some implications on the management of Alfred as one of the interviewed officers 

put it: "As a company we have some more room for changes but at the same time a 

smaller ability to manage major market changes on our own. And this is our problem 

now!" 

Finally, the fourth issue concerns the change of Alfred's owner. Since its 

creation, Alfred has been a part of a large, public owned concern within the domain of 

defence industry. After the change, the new owner was a shareholder owned concern. 
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The new owner's operative domain was not the defence industry but information and 

communication technology for business processes. The implications of this change 

were an imposition of new performance conditions. Among others, a certain amount 

of turnover and profit generation was defined to be reached by Alfred. This change 

also implied a change of Alfred owner's motivation in owning Alfred. Since the new 

owner's operations were within another domain then Alfred's, the only issue that the 

new owner was interested in was the profit that Alfred could generate. See Figure 5.3 

for an illustration of the external problems and their relation to the modelled system. 

One important internal change in Alfred was identified by the present 

study. It was the loss of some key employees from Alfred. Simultaneously with the 

environmental or external changes, five engineers within Alfred declared their 

dissatisfaction with the company and quitted. Further, after their desertion they 

immediately started their own company that worked with the same customer that they 

had when they belonged to Alfred Company. The implication of this loss of 

employees was a loss of a certain amount of order volume within a particular market 

domain. Because the inter-personal relations between Alfred's lost employees and the 

customer's employees were close, Alfred could not acquire back the lost market 

domain and the orders that belonged to it. As a consequence of this desertion, two 

units within Alfred were merged into one, the Vehicle Technology unit. For an 

illustration of the relation between Alfred and its internal change, see Figure 5.3.  

IH  Viability threat: that Alfred faced because of the changes. Alfred could 

not reach its budgeted goals and this threatened its existence. Therefore, the company 

designed and implemented adaptive policies. 

IV Adaptation attempt: Alfred Company's adaptive actions were designed 

and implemented in order to provide means to re-gain its stability. Those actions may 

be grouped into two types: a) actions to decrease expenses, and  b)  actions to increase 

income. 

The first type consisted of a minor downsizing of Alfred's organisation. 

This was implemented with a discharge of circa ten employees from the Engineering 

Workshop unit. This was done because that unit was found to have a too small 

turnover and demand for its services in order to justify the number of employees that 

was present before the discharge. 
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Figure 5.3. Illustrates Alfred and the emerged external and internal 
changes that challenged its ability to reach its goals. 

The second type of actions, that is to increase income, was more 

elaborated and extensive than the previous one. This consisted of two types of policies 

for actions: a) the attempts to sell Existing Technology at New Markets, and  b)  the 

attempts to sell New Technology at New Markets. 

The Existing Technology for New Markets policy has been motivated in 

the reasoning that since Alfred's customer decreased its demand one option was the 

attempt to cover the loss by selling the very same services to some other new 

customers. Alfred's management identified four major potential customers, these were 

a) Swedish Board of Civil Aviation,  b)  National Rescue Administration,  c)  National 

Road Administration, and  d)  Volvo Concern. Unfortunately, Alfred did not succeed in 

its attempts well. It received only a few smaller orders that had no significance on its 

budgeted plans. 

The New Technology for New Market policy implied a significant change 

for the company. This is since before the faced crisis, Alfred Company sold only 

technological oriented services and no technological products as such. However, the 
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company's management decided to change this policy and started to develop and/or 

improve and then sell products. Among others a new business unit was created within 

Alfred in order to carry on the product development projects, it was the Vehicle and 

Road Informatics unit. There were five major developments held within that unit, 

which were a) cabin for forest industry vehicles,  b)  fuel feeding machine for 

helicopters,  c)  electronic control system for forest industry vehicles,  d)  intelligent road 

lighting system, and 5) instruments for measurement of train rail friction. 

Development projects a) and  b)  were completed, finished and showed to 

be unsuccessful. This implied that these two projects consumed a certain amount of 

resources for development of something that was not sold, hence gave no return. The 

remaining three developmental projects were heavily delayed and therefore consumed 

more financial resources than they were budgeted to do. 

V Crisis: After the adaptive procedures were designed and implemented it 

was expected by the company's management that Alfred would re-gain its order 

volume and thus reach its budgeted goals. However, this was not the case. Alfred 

Company could no reach its budgeted levels of turnover nor of profit, indeed, it 

showed a loss and had problems with liquidity. This situation was very serious since it 

threatened the very existence of the company, if it could not manage its loss. Most of 

the interviewed employees were very worried about the future of the company and 

about their jobs. As a consequence of this heavy crisis, Alfred's owner, the Pluto 

Concern discharged Alfred's chief executive officer and replaced him with a new one. 

The latter was directed to take any necessary actions in order to do away with the loss. 

5.2.2 INVESTIGATION OF ADAPTATION POLICIES 

Alfred Company's two adaptive policies will be investigated with the  DIOS-model's 

three decision functions: intelligence, design, and choice. We will first examine the 

new technology for new market policy, which is more extensive. This policy is firstly 
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evaluated on the effectiveness and the efficiency12 of the intelligence, design and 

choice functions. 

The second adaptive policy is existing technology for new markets. We 

only evaluate its intelligence and design functions without making any distinctions 

between effectiveness and efficiency.13  

Policy: New Technology for New Markets 

Effectiveness of Intelligence and Design Functions: There are three 

problems within this adaptation policy. Firstly, Alfred Company changed its strategy 

from having been a product and producer independent service supplier to a company 

that also developed and/or improved products. This change had impact on the relation 

between the company and its main customer the Defence Material Administration. 

The latter had a policy that it prioritised to buy services from companies that were 

product and producer independent. Hence, the change in Alfred Company's strategy 

implied that it put itself into a position where it became less attractive for its main 

customer. 

Secondly, is the problem of the selected type of technology for Alfred 

Company's attempt to go into new markets with. Alfred's owner, the Pluto Concern, 

directed it to pursue the development of new products that were electronically 

intensive. The consequences of this direction implied a need to acquire new staff 

members to the company with a different type of know-how that was not available 

previously. Another implication was the need to acquire the knowledge of another 

type of market, with its trends, customer needs and competitors. Finally, the 

development of electronic products required a considerable amount of financial 

resources to be invested. Hence, Alfred Company pursued a new strategy that 

required conditions that it did not satisfy. 

Thirdly, Alfred was a commission company. This implied that all profit 

that was generated was transferred directly to its owner (Pluto), who in turn decided 

12  By effectiveness it is meant: is the right thing being done? While by efficiency it is meant: is the 
thing rightly done? 
13  The reason for the difference in analysis between the two policies is opportunistic that is, more 
accurate information was obtained about the firstly investigated policy than the second one. 
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on how much of financial resources would be assigned to Alfred's developmental 

activities. When Alfred Company faced its crisis, after having implemented its 

adaptive policies, it needed additional financial resources in order to be able to 

continue with its developmental projects. However, its owner did not want to support 

Alfred with any additional financial resource. One of Alfred's employees put it as 

follows: "If we were an information technology company then we would get all 

necessary financial support but since we are not we get nothing." According to 

Alfred's management, these three issues — change of production strategy, choice of 

technology, and unawareness of owners intentions — contributed to the failure of 

adaptation attempt. 

In terms of the decision functions, the external intelligence function failed 

to provide adequate information about the environmental system conditions. These 

include that the main customer, the Defence Material Administration, had a policy to 

discriminate the companies that were product dependent; and the interest and 

intentions of Alfred's owner, the Pluto Concern. The organisational unit responsible 

for this function was market research, it failed to provide the necessary information. 

Next, the internal design function failed in its design of new plan, which implied 

change of production strategy into a domain where it had no competence, yet knowing 

about it. The organisational unit responsible for planning was the Board of Directors 

and the Chief Executive Officer. (See Table 5.4 for an overview of this investigation.) 

Efficiency of Intelligence and Design Functions: We investigated three 

development projects. The first project aimed to produce a new type of cabins for the 

forest industry tractors. Alfred associated itself with another company and they 

pursued the development together while it was Alfred who invested the financial 

resources. In the middle of that project, Alfred's partner showed not to be interested 

any more in collaboration and in pursuing the project. Indeed, it showed up that its 

partner was using Alfred Company as an instrument to investigate the market 

potentialities for the developed product. Finally, when the product was developed the 

market showed no interested in it. Thus, no cabins were ordered and sold. This 

implied a significant loss of resources for Alfred Company. 

The second project developed a re-fuelling machine for aircraft. In this 

case, Alfred Company's main customer, the Defence Material Administration, 
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ordered one device. The customer was willing to pay only for a small part of the 

developmental costs, which made the order unprofitable. However, Alfred's 

management decided to develop that machine anyway since they planned that several 

devices could be sold to some other customers. After having invested a significant 

amount of resources, one device was constructed and sold and no more orders were 

ever obtained for that product. The consequence of that developmental project was a 

significant loss of money. 

The third project aimed at developing an electronic control system for 

forest industry vehicles. This was the largest developmental project held within Alfred 

Company. In this case Alfred had a well-established collaboration with another 

company and had identified several potential customers that showed clear signs of 

interest. However, the project exceeded its time limits and budgets. As a result of this, 

Alfred had no more financial resources available to support the project. Furthermore, 

Alfred Company's owner refused to support it with any additional resources. This 

lack of additional financial resources slowed the development of the product that 

waited for additional resources. Meanwhile, another company succeeded in 

developing a similar product before Alfred. The consequence of that was that Alfred 

had to modify the idea behind the developed product, something that consumed an 

additional amount of resources. 

In terms of the decision functions, the external intelligence function failed 

to provide adequate information concerning the actual market demand for the 

constructed forest vehicle cabins, as well as the intentions of its partner in the cabin-

project. The responsible organisational function for this was market research. Further, 

it also failed to provide information about the actual market demand for re-fuelling 

machines and information about the competitors in the domain of electronic control 

systems. The internal design function failed to construct adequate plans and budget 

for the electronic control system project. The responsible organisational function for 

this planning was Alfred's Chief Executive Officer and the Board of Directors. (Table 

5.4 shows an overview of this investigation.) 
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Table 5.4. Alfred's problems and the responsible functions. 

Problem Responsible Function 
Source Symptom Decision 

Functions 
Alfred's 

Organisation 
Change of 
strategy 

Less attractive External 
Intelligence 

Market Research 

Owners 
intentions 

No financing External 
Intelligence 

Market Research 

Change of 
technology type 

No recourses for 
implementing the 
chosen 
technology 

Internal Design Planning: Chief 
Executive Officer & 
Board of Directors 

Vehicle cabin 
project 

Unknown 
partner's 
motivation; no 
demand from the 
market 

External 
Intelligence 

Market Research 

Re-fuelling 
machine project 

No demand from 
the market 

External 
Intelligence 

Market Research 

Electronic 
control system 
project 

No recourses Internal Design Planning: Chief 
Executive Officer & 
Board of Directors 

Order dialogue Potential order 
not acquired 

External Design Marketing 

System's 
environmental 
awareness 

No knowledge 
about potential 
customers 

External 
Intelligence 

Marker research 

Effectiveness and Efficiency of Choice Function: Figure 5.4 is a model of 

the choice function and its loops as it applies to the electronic control system of 

Alfred's New Technology for New Market adaptation policy. The goal of the project 

was to develop an electronic control system. This could have been realised by two 

alternative procedures (see recursion level 2 in Figure 5.4). The first decision loop, the 

so-called re-design loop (or the how-loop) supports an eventual re-construction of 

alternative options as the means for reaching the goal of the project. Thus, that loop 

supported a possibility of constructing alternative options to reach the defined goal in 

a more adequate way. However, as discussed previously, Alfred Company had no 

suitable conditions for performing the development project at all. Therefore, in this 
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case, activation of the re-design loop had no potentiality to improve the critical 

situation other than by increasing the efficiency of that project. 

The second decision loop, the so-called re-finalisation loop (or the what-

loop) supports a re-definition of the pursued goal(s) or finality, which were in this 

case the development of the control system. This loop had thus the potentiality to 

change that goal, which had its source in the design function at a previous level of 

recursion (see Figure 5.4, recursion 1). That design function conceived alternative 

developmental projects that were means to reach the goal of developing New 

Technology for New Markets (see Figure 5.4, recursion 0). Hence, the re-justification 

loop had the potentiality to re-define the very project to be developed. However, as 

discussed previously, in Alfred Company's case there were no suitable conditions at 

all to pursue the line of developing new products for new markets — whichever the 

products would be. Therefore, in this case, activation of the re-justification loop had 

no potentiality to improve the critical situation other than increasing the efficiency of 

the pursued policy of developing new products for new markets. 

The third decision loop, the so-called re-justification loop (or the why-

loop), supports the re-definition of reasons that grounds the construction of the goals, 

the criteria that make a decision-making define a project as it does. The re-

justification loop had also its source at a previous level of recursion (see Figure 5.4, 

recursion 1). The difference is that this loop has its source in the intelligence function 

rather than the design function as the re-finalisation loop has. Hence, the justification 

of the investigated project is within the intelligence function at one level of recursion 

up, which in turn has its source in the design function at the next level of recursion 

(see Figure 5.4, recursion 0). That recursion's intelligence function defined its goal to 

sell new products at new markets. Changing that goal would imply that the main 

reason for Alfred's acute financial crisis would disappear. Therefore, by activating the 

re-justification loop it would have been possible to avoid parts of the crisis that Alfred 

Company faced. This is so because of the attempt to sell new technology at new 

markets was not an adequate alternative to solve Alfred Company's problems with. 
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Figure 5.4. Decision Processes and Cognitive Loops 

The above-presented interpretation implies that it was only by activating 

the re-justification loop that a major part of the crisis could have been avoided or 

terminated. In terms of business organisation it would require the company's board of 

directors and its Chief Executive Officer to change the company's strategy. It would 

require that these transformed/changed their criteria for that decision. It is then 
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interesting to note that such a transformation was performed. Alfred's owner, the 

Pluto Concern, discharged Alfred's Chief Executive Officer and replaced him with 

another one that was externally recruited. By doing that move the re-justification loop 

was activated, implying that the decision criteria were transformed — i.e. replaced 

with other criteria. However, the shortcoming of that move was that it came to late 

since the re-justification loop became activated first when the company was in a deep 

crisis after having implemented its adaptive policies. A question that follows is, could 

Alfred Company activate this re-justification loop previously by itself rather than 

waiting until the crisis emerged and its owner activated the loop? 

Policy: Existing Technology for New Market 

Alfred's adaptation policy Existing Technology for New Market is 

investigated here in terms of the intelligence and design decision functions. A short 

description of the situation is followed by the investigation of two issues. 

Alfred's management identified four main organisations that it attempted 

to sell its services to, that is, the existing services that have been sold to the Defence 

Material Administration for years. These four were a) Swedish Board of Civil 

Aviation, 2) National Rescue Administration,  c)  National Road Administration, and  c)  

Volvo Concern. Unfortunately, Alfred did succeed in acquiring only some smaller 

order that had no significant impact on its ability to reach budget. The following two 

issues illustrate some shortcomings in Alfred Company's attempts. The first issue 

concerns a business deal dialogue that Alfred's Vehicle Technology unit held with 

Swedish Board of Civil Aviation. If succeeded, it would imply a major order to Alfred 

worth several millions of Swedish Crowns, implying that several of Alfred's 

employees would be occupied with it for about two years. Receiving that order would 

imply that Alfred Company's financial situation would improve significantly. The 

order was never obtained, however. One of the interviewed officers said, "We needed 

promotion support at corporate political level in order to get such a deal but we had 

none." A frequent comment by the interviewees was that marketing and promotion 

were needed to obtain orders but that there was no such provided by Alfred Company. 

The investigation of the marketing unit showed that it had only one employee and 

therefore that it was heavily undermanned. In terms of the decision system's 
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functions, the external design function was responsible for influencing the system's 

environment in an advantageous way for it. A second issue concerns Alfred's 

knowledge of its potential market. One of Alfred's officers put the situation as 

follows: "We do not know what our potential customers needs, how they think or 

behave, we don't know our competitors. In short we don't know our new market!" 

This lack of environmental awareness about Alfred Company's new market was also 

evident in the comments of the other interviewees. In terms of the decision system, 

the external intelligence function should provide the necessary information about a 

system's environment. While in terms of business organisation it was the 

responsibility of the market research function to provide the required knowledge, 

however, that function was almost non-existent. (See Table 5.4 for an overview of this 

investigation.) 

5.2.3 A REASON FOR MALFUNCTIONS IN ALFRED COMPANY 

Our investigation of Alfred's adaptive policies with decision functions shows that all 

the company's decision functions — intelligence, design and choice — were failing. A 

system that finds itself in a new dynamic environment — as was the case with Alfred 

Company — needs to adapt to the new circumstances, mainly by successfully 

performing non-structured decisions (i.e. first time encountered problems without any 

given solutions). In order to have to do that, the system needs suitable decision 

functions. However, in Alfred Company's case, the decision functions that would 

have supported such adaptation severely failed and therefore decreased the potential 

for survival. 

Why was Alfred Company so badly designed? A possible answer to this 

was that Alfred Company, rather than being autonomous, was part of a larger 

organisation for a very long time. Furthermore, Alfred was designed in order to fit its 

environment as closely as possible, which was to serve the Defence Material 

Administration and the organisation it was part of. This situation was unique in that it 

provided stability for a long time. While these conditions prevailed, Alfred 

experienced no serious problems. However, when these conditions changed, that is, 

63 



•  
VIII: Adaptation attempt 

•  
IX: Change 

X: Viability threat 

I: Stability 

II: Crisis 

Chapter 5: Modelling and its Assessment 

Alfred faced a dynamic environment, it could not manage the new conditions. Its 

adaptive functions were not designed for such new circumstances. In turn, the reason 

for Alfred's inability to adapt its own design to the new conditions was due to its 

added inability to monitor the validity of its own design, i.e. to exercise self-

observation, and thus be able to detect the shortcoming in its own functional design. 

Such ability could have helped it to re-design itself, and therefore increase its 

potential to manage the new challenges. For example, Alfred's executive management 

was not capable to activate the re-justification loop of choice function by itself, or in 

other words to question its own validity. This had to be done by its owner, causing a 

crucial time delay. 

5.3  DIOS  MODELLING OF VEHICLE TECHNOLOGY UNIT 

In this third part, we make an application of the  DIOS-model to the Vehicle 

Technology unit in similar manner it was earlier applied to Alfred Company. Thus we 

firstly examine the adaptation pattern and secondly evaluate this adaptation in terms 

of the  DIOS-model's functions. 

5.3.1 VEHICLE TECHNOLOGY UNIT'S ADAPTATION POLICY 

Figure 5.5. Illustrates an overview of Vehicle Technology unit's adaptation. 
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Figure 5.5 illustrates the five stages of the Vehicle Technology unit's adaptive 

process: 

I Stability: The units operations had not changed for about twenty years 

ago. One major customer, the Defence Material Administration, had provided a stable 

and gradually increasing demand. In the words of units head: "There was so much 

work to be done that we did not had any time to reflect or pause. The orders just came 

in continuos and seemingly never ending stream." Thus the unit was designed to fit 

the needs of its only customer and it succeeded until circumstances changes. 

II Change: Starting in 1990, change took place inside and outside the unit. 

Due to these changes, the unit did not to reach its goals that in turn led it to take active 

measures to reach its goals. Figure 5.6 illustrates the relation between the external and 

internal problems facing the unit. The following three environmental were identified 

by our study. Firstly, and most importantly, income significantly decreased due to a 

decreased demand for services by its main customer the Defence Material 

Administration. The head of the unit expressed that: "Before these problems emerged, 

all our workers had on average 50% of their time occupied with the so-called support 

services. Today it is perhaps only 5 to 10%. These support services were our main 

source of income." 

Secondly, there was a change of technology in the vehicles and other 

equipment that the unit used to serve. This technology had been mostly mechanical, 

but beginning in 1990 electronic technology was introduced. This was challenge that 

required a matching change of expertise in the unit's workers. 

Thirdly, there was a decrease in the size of the orders received thus less 

time was required to complete them. Previously, a worker could be assigned to an 

order from four months to a maximum of three years. Under the new situation, this 

range was reduced, assignments from two to three months as a maximum. This 

required extra co-ordination of the workers' idle time gaps and a corresponding extra 

overhead cost. 

There was in addition a major internal change. In 1995 five key 

employees left the company due to dissatisfaction with their working conditions. They 

started their own company immediately after, offering their services to the same 
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customer. Thus, the unit not only lost key employees but also part of its orders. Since 

these key employees had close links with the customer, the unit was unable to regain 

the lost orders and reach its goals. "Indeed, it became difficult for the unit to exist in a 

meaningful way," the units' head told us. 

III Viability threat: The above circumstances made it impossible for the 

unit to attain its goals and threatened its viability. Therefore, in the next stage, 

management developed and implemented a policy of adaptation. 

IV Adaptation attempt: Vehicle Technology unit acted to regaining the 

loss ground by engaging in the three activities. These included the redesign of the 

unit's organisation, new efforts to regain the lost orders from the main customer, and 

the promotion of the unit's services in the previously untapped civil market. Before 

1995, the Vehicle Technology unit was labelled Special Vehicle unit and worked 

along another unit that was simply called Vehicle unit. These two units were merged 

together and renamed Vehicle Technology unit making them a stronger organisation. 

Yet, according to the unit's head, the type of operations, which were performed within 

Figure 5.6. Vehicle Technology unit's internal and external challenges. 
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the unit remained unchanged except for size. However, more effort was made to 

identify and obtain new orders from the Defence Material Administration and to seek 

new customers within the Swedish Board of Civil Aviation, the National Rescue 

Administration, the Fortification Administration and the Volvo Car Company. 

V Crisis: The adaptive efforts did not improve the new units predicament 

for it was unable to meets its budget. For example, one of the goals was that on 

average each worker should be occupied for about 69% of his available time. The 

actual performance was  _Ht. under  90%. The unit had a insC 2tild this heraTTIP 2 Major 

burden to Alfred Company. 

5.3.2 INVESTIGATION OF ADAPTATION POLICIES 

Our next step applies the  DIOS-model to the Vehicle Technology unit's actions aimed 

at restoring the lost orders and at expanding into the civil market. 

Lost orders 

The efforts to regain the Vehicle Technology unit demand resulted in 

some shortcomings and some successes. Firstly, several employees worked more than 

100% of the normal time while others worked only between 30 and 40%. Overtime is 

costly and so is the wastage associated with idle employees. Yet, managers were not 

always aware of this. Other times, while being aware, they were not able to re-

distribute the work more evenly. This represents a failure in the internal intelligence 

function of the decision system that was carried out by the audit and controlling 

function in the unit. 

Secondly, some of the employees, due to their professional inexperience 

were not regarded capable by the main customer to complete some of their work 

orders. The unit's head regretted that "there are a few employees that are behind the 

development of the market. These are passive and do not actively search for new 

knowledge, defiance our efforts to stimulate them to do that. Therefore some of the 

potential orders can not be obtained, which decreases our efficiency." Another 

employee remarked that "it is possible to secure more orders but our main customer 

67 



Chapter 5: Modelling and its Assessment 

refuses to work with some of our employees because they are burned." By 'burned', 

he meant "that they have done some jobs that were not well done and the customer do 

not want them to do any more jobs for them." Thus the internal design function of the 

decision system model, for which the unit's head and his deputy were responsible, 

failed to bring about the necessary change in the organisation. 

Thirdly, the employees were not motivated to seek more orders for work. 

This lack of motivation, stated an employee, is because "there is no appreciation for 

our work. When I get a bigger order, say for a million or so, our boss should serve a 

cake in the lunchroom. Our salary should also be based on the order acquiring 

performance, which is not the case. I could very well acquire more orders but I do not 

have any motivation to do so. I only acquire orders for myself so that I have a job 

although I could get more orders for some other as well." The management did not 

know this situation. Thus the internal intelligence function, which should have been 

performed by auditing and control and the head and his deputy function, failed to 

identify that possibility. 

However, there was also some success in the adaptive actions. For some 

years, the Vehicle Technology unit had a Support Service Contract with the Defence 

Material Administration. It implied that when its customer had some problems in a 

specific area of a contract, the customer could directly contact the unit's specialists 

without any formal procedure being necessary. The customer paid a fixed fee for this 

service regardless of how much it was used. In order to improve this service, the unit 

created a computerised database that stored information about all the problems that 

encountered by the customer. It included information like symptoms, possible 

reasons, approaches to solving the problem, employees that handled the queries. This 

database helped manage the organisation's memory and had at least two benefits. One 

was the improved service quality. When the customer approached the unit with a 

problem that had been encountered before, the database provided a wealth of 

information such as how it was earlier solved and by whom. This in turn, resulted in a 

faster and more accurate service, improving the efficiency of both the unit and its 

customer. A second benefit was the potential to obtain new orders. The stored 

information was subjected to several types of trend analysis to check for patterns. 

Thus, for example, it was possible statistically to establish that a certain type of 
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vehicle produced in a specific year had problems with its break systems. After further 

investigation, it was possible to propose alternatives solutions to the customer based 

on detailed empirical data. In most cases, the customer chose one of the alternative 

solutions and issued an order. This may be regarded as an illustration where the 

internal intelligence function succeeded in identifying the potential of a new database 

(organisational memory), performing just as the  DIOS-model prescribes. In addition, 

the internal design function — carried out by the auditing and control and planning 

departments — succeeded in organising and implementing the system. Furthermore, it 

is also an illustration of a realisation of organisational memory. The organisational 

activities leave its traces that may be used in the future of organisation, if 

circumstances require it. 

Expanding into a new market 

The Vehicle Technology unit attempted to sell its services in the civil 

market by identifying several potential customers. However, this effort did not 

succeed and only a few small orders were obtained due to external and internal 

inadequacies. Two cases illustrate the external shortcoming. Firstly, the Vehicle 

Technology unit entered negotiations with the Swedish Board of Civil Aviation for a 

major order. The size of the order would have meant that several employees would 

have been exclusively engaged for more than a year and that a significant profit would 

have accrued. Yet, negotiations were never completed and no order followed. The 

reason for this was, according to the head of the unit who was in charge of the 

negotiations, that "acquiring that business deal was mainly about corporate politics, 

and we had no means or support to promote the political aspects of a deal. Therefore 

we could not equally compete with other companies." This is an illustration of the 

failure of the unit's external design function, for the marketing function was 

inadequately staffed and supported. The head and deputy spent only 10-15% of their 

total time on promotional and marketing activities, acknowledging that this was far 

from adequate. 

Secondly, the unit failed to understand the behaviour of its market "We 

don't know how the Board of Civil Aviation thinks and behaves and who are our main 

competitors, we are blind!" lamented the unit's head. Since there was no marketing 
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research function in the organisation, the necessary external intelligence function was 

non-existing. 

In addition to the external inadequacies of Vehicle Technology unit, there 

were some internal as well. An example of this is about two particular employees, 

Sven and Lars.14  For several years, Sven had been working with the installation of air 

compressors at military airports. He forecasted that soon there would be no more 

work to be done at these airports since they all had changed their air compressors. 

Yet, at the same time, he identified other potential customers. He said that "there are 

many organisations, both private and public, that would benefit greatly from our 

services, but they do not know about it and we need to explain it to them." For 

instance, Sven spoke to the Fortification Administration, it being the single largest 

owner of properties in Sweden. One of the goals of that administration was to 

decrease its properties' maintenance costs. Since most of these properties used old 

fashioned air compressors, Sven saw a possibility of helping them and at the same 

time acquiring a major customer, that could issue orders for a long time. He explained 

that "the old compressors consume a lot of energy but produce little air compared 

with the new equipment. They also produce a lot of heat that is wasted." Therefore, 

Sven proposed a change to new compressors and estimated that "the new systems 

would produce 90% more compressed air at a consumption of only 10% of the energy 

that is used at present." Furthermore, Sven said that the costs of such changes of 

devices would be covered in about two years of running the new equipment. That is, 

the decrease in consumed energy would pay for the new equipment. However, Sven 

could not prove the accuracy of his estimates, and argued for them only based on his 

long experience. He was an expert on advanced installations but had no knowledge of 

energy optimisation calculations. On the other hand, Lars was an expert in energy 

optimisation with a doctor degree in operational research. He had been working for 

many years with a major national project on energy consumption and optimisation. 

However, for the last year, Lars had problems in obtaining new orders. He was 

effectively employed only for 20-30% of his time. He said that one of the reasons for 

14  The names have been changed for reasons of confidentiality. 
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his inability to attract orders was because "potential customers have often difficulties 

to understand how my knowledge may help them in their context." 

This situation can be interpreted by applying the  DIOS  memory function 

in realisation of potential behaviour together with the general process theory. The 

professional knowledge of Sven and Lars could have been integrated and co-ordinated 

allowing for the emergence of a new activity. If Sven and Lars had worked together — 

as illustrated in Figure 5.7, they may have secured a major order from the 

Fortification Administration. While Lars could have performed the necessary 

calculations, Sven could have selected and installed the equipment. Furthermore, 

since Sven and Lars were not fully occupied, their idle time could have been 

integrated into work — and earned revenue — in a new order. These are examples of 

form-process co-ordination need where the content of the form is professional 

knowledge, and of time-process co-ordination where the idle time of Lars and Sven is 

the content of the time-process. 

Figure 5.7. Knowledge co-ordination 
between Sven and Lars. 

Another matter, that hindered collaboration, was office location. Sven's office was 

placed on a different floor from Lars' due to space limitations, creating a barrier 

between both employees. The only contact occurred during formal unit meetings once 

a week where all staff met. This may be considered a case of space-process co-

ordination need. Social class difference between both employees also created barriers. 

Sven was as a blue-collar, practical man and without any college education. Lars was 

a white-collar employee, highly educated and theoretically minded. They associated 

with different colleagues at work and friends in their private lives. They had different 
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interests and hobbies. When asked about why they did not collaborate, Lars answered, 

"We spoke once and he [Sven] is a nice person but he had some ideas that did not 

seem to me to be anything worth paying attention." Cultural differences between Sven 

and Lars represented an obstacle to self-organisation. This situation can again be 

interpreted as form-process co-ordination need, where the content of the form is 

culture. 

These processes of co-ordination can be evaluated with decision system 

functions. The decision system should have identified the potential in its operation 

system and reorganised it by co-ordinating the activities/processes of Sven and Lars to 

increase the chances of a major order from the Fortification Administration. However, 

the internal intelligence, performed by the control and audit department failed. Figure 

5.8 illustrates two alternative organisations. On the left hand, the actual organisation 

(morphology) of the Vehicle Technology unit was unable to match its environment 

represented by the Fortification Administration  (Cl).  On the right hand, an alternative 

organisation would have matched the unit's environment. Finally, Table 5.5 presents a 

summary of this investigation. 

Figure 5.8. Illustrates the need for co-ordination of professional knowledge in the 
investigated unit. The left-hand figure shows the actual situation while the right-
hand figure shows a potential situation. 
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Table 5.5. Summary of the investigation of Vehicle Technology unit.  

DIOS'  function Organisational function Outcome 
Internal Intelligence Audit and Control Failed 
Internal Design Planning Failed 
External Intelligence Market Research Missing 
External Design Marketing Failed 
Memorised information Computerised Data Base Successful 
Memorised potential 
behaviour 

Co-ordination of two workers Unable to actualise potential 
Behaviour 

Time, Space and Form 
processes 

Available working time, 
location of offices, 
professional knowledge and 
culture 

Unable to co-ordinate 

5.4 ASSESSMENT OF THE EMPIRICAL INVESTIGATION AND 

CONCLUSIONS 

Based on the empirical work that described above, we may now draw some 

conclusions as to the potential of  DIOS-model to help us make sense of an 

organisational crisis. Firstly, from a general point of view, Le Moigne' s theory 

provides a rich sets of concepts such as goal, intelligence, design and choice, yet is 

rather difficult to step from these concepts into the modelling of an organisation. For 

example, we were uncertain as to which real life activities corresponded to the 

intelligence or design functions. However, once the models are constructed, they give 

a degree of intelligibility of what is happening to the organisation. For example, 

observing the modelled organisation in terms of adaptation provided an insight of the 

different events that led it to its crisis. Furthermore, the models help identify some of 

the organisation's shortcomings such as the conflicts between the goals of the various 

organisational levels and the inadequacy of the intelligence, design and choice 

functions. 

The theory suggested some measures to be taken by the organisation in 

order to overcome its shortcomings such as that there should be no inconsistencies 

between the goals of the various organisational levels and that there should be a 

market research function in the organisation. Nevertheless, the theory does not 
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prescribe how these measures should be implemented. Though a system may satisfy 

its theoretical requisites, it does not automatically follow that it will operate 

successfully, thus there is a need for additional guidelines for the implementation 

stage. One the other hand, however, it may be impossible for a general theory to 

provide such a specific knowledge. For the properties that are peculiar to social 

systems such as the organisational culture, social roles, laws, moral and esthetical 

considerations are excluded from the theory. 

Secondly and from a more specific point of view, some may argue that the 

consistency between the goals of the various organisational levels required by the 

theory is common sense, plainly to be seen by a 'naked eye' devoid of any theoretical 

understanding. Our experience provided evidence to the contrary. Not only was the 

disparity of the goals indistinct, but the presence of such disparity may not necessarily 

be detrimental to an organisation. Some successful corporations — such as Volvo's 

food production units — have divisions with almost nothing in common with its car 

production units. Thus, an inter-level goal consistency may not be a requisite not for a 

social system's viability. Furthermore, The aim of the re-justification loop is to 

improve the criteria to evaluate alternative problem solutions. However, there is 

nothing that guarantees that the new criteria will be superior. It all depends on the 

abilities of the evaluators. 

In our investigation, we regarded the organisational memory as present in 

two sectors. The first was the information stored on a computerised database system 

that helped the organisation reach its goals. The second was the memorised 

organisational behaviour. Actualising that behaviour could also help the system to 

reach its goals. The  DIOS-model does not distinguish between the two sources, yet 

such distinction would enhance the theory's ability to make complex system 

intelligible. 

The general process theory showed to be instrumental in investigating the 

co-ordination between the two employees Lars and Sven. The time-process and the 

space-process were rather uncomplicated to identify while the form-process proved to 

be more challenging. The question was what should be the content of a form? As 

discussed previously, the  DIOS-model does not take into account properties that are 
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peculiar to social systems. Therefore, the usefulness of the form-process rests on a 

modeller's ability to identify pertinent content of the form. 

In summary, the  DIOS-model states that some organisational functions 

and their relations are essential for a system's proper adaptation to its environment. 

After identifying these functions and relationships in the organisation under study, we 

found that their absence or inadequacy led to a poor performance and that they 

pointed to some major managerial shortcomings. At the same time, while the  DIOS-

model helped us in identifying these shortcomings, we also discovered some strengths 

and weaknesses in Le Moigme's theory. Awareness of these strengths and weaknesses 

should be helpful to researchers and management practitioners in further applications. 
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CHAPTER 6: THEORETICAL REFLECTIONS 

We present here reflections about some theoretical properties of the applied theory. 

Although theoretically in nature, these reflections have been triggered by the 

previously presented empirical application of the  DIOS-model, yet providing different 

insight than the latter's empirical assessment does. 

Three main issues are discussed here. Firstly, the theory's emphasis on 

goal-oriented or instrumental rationality. Secondly, the theory's inherent limitation to 

make complex social systems intelligible because of its biological and psychological 

origins. Thirdly, scientism, or epistemological flaw. 

6.1 THE EMPHASIS ON GOAL-ORIENTED RATIONALITY 

The following two arguments support the thesis that the  DIOS-model has a main 

emphasis on goal-oriented or instrumental rationality which limits its ability in 

making complex social systems intelligible. 

6.1.1 THE SIMON-MORIN TENSION 

The theoretical framework constructed by Le Moigne is founded in and dominated by 

the works of  J.  Piaget, H.A. Simon and  E.  Morin, (Le Moigne 1994b). In the next few 

lines it is argued that there is an inherent and unresolved tension in the theory between 

the position of Simon's works, on the one hand, and the position of Morin's works, on 

the other hand. 

Starting with Simon's position, in his preface to "Reasons in Human 

Affairs" (Simon 1983), he states that: "The nature of human reason — its mechanism, 

its effects, and its consequences for human condition — has been my central 

preoccupation for nearly fifty years." Next, in his "Sciences of the Artificial", Simon 

(1969:65) writes, "A man, viewed as a behaving system, is quite simple. The apparent 

complexity of his behaviour over time is largely a reflection of the environment in 

77 



Chapter 6: Theoretical Reflections 

which he finds himself" Simon's studies and attempts to understand man's nature and 

behaviour has focused its intelligence and rationality, where man is viewed as an 

information processing device: "The computer is a member of an important family of 

artefacts called symbol systems, or more explicitly, physical symbol systems. Another 

important member of the family (some of us think anthropomorphically, is the most 

important) is the human mind and brain." (Simon 1977:26-27). 

Morin's position seems to be quite different, however. He does not 

consider a man as a "physical symbol system" solely. Morin (1992) emphasises the 

honest search for the transcendence of human values and in the primacy accorded love 

over truth. For Morin the real essence of life is love — or communication as he puts it 

sometimes — which is assigned supremacy over intellectual reasoning — or 

information. Indeed, he considers the latter to be "/.../ the barbaric emptiness of 

scientific knowledge, which believes it is the most advanced knowledge." (Morin 

1992:xxvii). This is while Simon's notion of man is a rational symbol-manipulating 

machine whose essence lies in "Search is the end." (Simon 1983:70) 

Although both Simon's and Morin's works provide foundations for the  

DIOS-model, their conflicting position is never resolved nor discussed. However, in 

practice, Simon's contribution, with a strong goal-oriented rationality, dominates and 

Morin's focus on communicative rationality does not receive the attention or space 

that it should, as is motivated in the next section. Hence, the conclusion is that this 

tension deserves a closer investigation and further elaboration within the framework. 

6.1.2 GOAL-ORIENTED RATIONALITY VERSUS COMMUNICATIVE 

RATIONALITY 

The problem with emphasis on goal-oriented or instrumental rationality can be 

articulated well when exposing it to Habermas' (1984, 1987) Critical social theory. 

The latter makes a distinction between an instrumental or technical or goal-oriented 

rationality and a communicative rationality. The first is concerned with the idea of 

control in the sense of affecting objects, human or non-human, in an environment in 

such a way that they will achieve desired goals. Among others, this requires that an 
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agent predicts the consequences of his or hers behaviour in the environment and based 

on this prediction chooses an optimal action. In contrast, communicative rationality is 

concerned with the creation of shared meanings through sense making. This is about 

interpretation and the achievement of mutual understanding. It is implemented 

through conversation, interpretations, and other forms of symbolic interactions. 

Considering the  DIOS-model in relation to the two discussed rationalities 

results in the following. The epistemological foundations, in the form of its basic 

hypothesis of what is knowing, do account explicitly for both of the two kinds of 

rationalities, i.e. instrumental and communicative. The teleological hypothesis (Le 

Moigne 1994b, 1995a) gives a foundation for the instrumental rationality or activity 

while the phenomenological hypothesis (Le Moigne 1994b, 1995b) gives a foundation 

for the communicative rationality or activity. Indeed, the latter postulates that any 

perfect control of a human agent is not possible from an epistemological point of 

view. It also implies that communication is a fundamental means of achieving mutual 

understanding, more specifically through sharing of meanings. However, turning 

attention to the  DIOS-model shows that instrumental rationality dominates. The 

model provides support for articulation of a system's goals and behaviour in relation 

to those goals. Interestingly, the  DIOS-model also articulates communicative 

rationality in its information system that meant to represent the complex relation 

between an observer and an observed system. It implies that a perfect control, like in 

cybernetic terms, is not really possible. However, that property of the  DIOS-model is 

not methodologically operationalised in any way, hence does not support a modelling 

of communicative rationality. 

Consequently, assuming that a complex social system manifests both 

instrumental and communicative rationalities, the  DIOS-model is able to take account 

only of an instrumental rationality, hence the produced intelligibility of a complex 

social system is limited. This situation reflects well the previously discussed Simonian 

dominance over the Morinain where the primer focuses instrumental rationality while 

the latter communicative rationality. As a conclusion we hold that the theory needs to 

further develop its methodological modelling tools in regard to communicative 

rationality. 
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6.2 THE INHERENT LIMITATION IN MAKING COMPLEX 

SOCIAL SYSTEMS INTELLIGIBLE 

This argument discusses the  DIOS-model's inherent limitation in making complex 

social systems intelligible because of its empirical origins. Le Moigne's theoretical 

framework is constructed of an assembly of various theories that have its main origin 

in biology and psychology. Those, in turn, have their origins in empirical observations 

of biological and psychological phenomena. At the same time, the theoretical 

framework is postulated to be valid for making complex social systems intelligible. 

This is illustrated in statements like "The method of representation of a complex 

system through the system of processing of information-symbols which is presumed to 

account intelligibly for its behaviours, proves easy to implement in a number of 

exercises of practical modelling. It has allowed formulation of theories of diagnostic 

help for use with functioning difficulties of these familiar complexes, which are 

contemporary social organisations, and in particular — industrial and administrative 

organisations." (Le Moigne 1990:83). The empirical investigation presented in this 

text has shown that the  DIOS-model may indeed support a modeller's intelligibility of 

a complex social system, in a certain way. Its limitation in making social systems 

intelligible is, however, that these systems manifest characteristics that are unique to 

social systems only and can not be found in biological or psychological systems. 

Examples of such characteristics are culture, juridical laws, power relations, love and 

hate. Hence, a human body's heart and lungs do not exhibit emotional conflicts 

between each other like a wife and a husband, or a chief and its secretary, may do. 

Consequently, in order to improve its modelling potentiality in regard to complex 

social systems, the theory would need to incorporate theories and models that provide 

an account to those properties that are peculiar and unique for social systems. In more 

general terms, Ackoff and Gharajedaghi (1996) have argued a similar thesis. 
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6.3 EPISTEMOLOGICAL FLAW 

The following two arguments support the thesis that Le Moigne's theoretical 

framework assigns epistemology a supremacy position when compared to other 

domains of thought, which leads it into an epistemological flaw, or a reductionist 

position. 

6.3.1 THE EPISTEMOLOGICAL SUPREMACY 

Le Moigne tends to absolutise the role of epistemology and therefore of scientific 

knowledge by assigning science an autonomous position (Le Moigne 1995a), and also 

by giving it an ultimate position to determine the value of scientific knowledge: "/.../ 

epistemology is best placed of all disciplines to recognise and show questions on the 

value of knowledge by which, in some way, it assures the scientific status." (Le 

Moigne 1995b:88) While epistemology may surely contribute to our understanding of 

science as such, it is not able to exclusively determine science's value in a social 

context. Other disciplines such as ethics, normative theory, psychology and sociology 

are also required to make such a judgement. Secondly, and as argued by  Eriksson  

(1997b), the theory shows a tendency toward relativism. Its criterion of knowledge 

validation, which is projective feasibility, does do not articulate clearly what may be 

considered as feasible in relation to some goals. In such a position it is dangerous to 

assign primacy or to put epistemology to be "best placed" to judge anything. 

6.3.2 THE CARTESIAN SHADOW AND ITS LIMITATIONS 

In the following it is argued that Le Moigne's theoretical framework is still in the 

Cartesian shadow and therefore absolutises scientific knowledge. 

Le Moigne's  Systemics  postulates to have left the Cartesian paradigm of 

thinking and entered a systemic one: " /.../ we attempted to expose by the passage 

from Cartesian paradigm to the systemic paradigm." (Le Moigne 1994a:112). This 

passage seems to have been done only from a certain point of view while the theory is 
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still in the Cartesian shadow from another point of view. The Cartesian 'Method' for 

conduct of good reason (Descartes 1994) as well as Le Moigne's method (Le Moigne 

1994a) may be investigated in regard to both the content of the method as such and in 

regard to the way or the method of construction of the method. In other words, the 

investigation of the product — the two methods — and of the process of their 

construction. The Cartesian process of method construction had its starting point in 

the distrust in human knowledge that is obtained through senses. Therefore, this 

approach attempted to break down the process of knowing until it could find an 

absolute point of reference, i.e. its Archemedian point, which became the 'cognito 

ergo sum' or 'I think therefore I am'. This Archemedian point became the starting 

point for construction of the Cartesian method. Turning now attention to Le Moigne' s 

method shows that although the content of the very method, i.e. the result, is different 

from the Cartesian method, the very process of its construction is the same as the 

Cartesian. Hence, Le Moigne's method also had its starting point in a distrust in 

human senses, it proceeded with braking down the process of knowing until it 

established its Archemedian point, i.e. its basic hypotheses, and then constructed its 

method. In other words, both methods followed the same process of method 

construction, namely: distrust => break down => identification of an Archemedian 

point => construction of the method. Although the identified Archemedian points are 

different and so are the methods, their process of construction rests on the same 

assumptions. These are that the Archemedian point is within the subject and that 

humans may know reality comprehensively when employing the scientific endeavour. 

This position leads to an absolutisation of epistemology as the domain that constructs 

a method, and of science as the domain that is able to provide a comprehensive 

knowledge of human reality. Such a position leads to scientism that reduces human 

naive or non-scientific experiences to a secondary one, which in turn limits the 

potentiality of making social complex systems intelligible. 
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6.4 SUMMARY 

The above provided argumentation states that the  DIOS-model and its underlying 

assumptions need to resolve its inherent tension between Simonian and Morinan 

position, which leads to the primacy of instrumental reasoning over communicative 

reasoning. This is considered undesirable since it reduces  DIOS-model' s potentiality 

to make complex social systems intelligible. Secondly, the theory has an inherent 

limitation in making social systems intelligible because of its biological and 

psychological origins, which does not make it potent to take account of properties that 

are unique to social systems. Thirdly, the theoretical framework gives supremacy to 

epistemology and science, which places it in scientism. This holds that scientific 

knowledge may be comprehensive and is superior to the naive, every-day human 

knowledge. 
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CHAPTER 7: CONCLUSIONS 

In this final chapter we summarise findings of this study — both empirical and 

theoretical — and then draw an overall conclusion. 

7.1 A SUMMARY OF FINDINGS 

The findings of this study may be summarised into three main issues. The first is 

about the modelling process and its outcome, the models. The theory did help the 

modelling process by providing it with necessary model concepts, but at the same 

time the modelling showed to be difficult when these concepts had to be 

operationalised — i.e. when identifying corresponding functions in the studied 

organisation. The constructed models, however, did provide a particular kind of 

intelligibility or understanding of the modelled organisation that could not be obtained 

without these models — i.e. with 'naked eye'. Further, these models did guide an 

identification of shortcomings in the modelled organisation and also suggested 

solutions to these shortcomings. These suggestions were however very general and 

said nothing about how they should be implemented. 

The second issue is about some components of the  DIOS-model. First is 

that the re-justification loop's success or failure in the choice function of the decision 

model depends mainly on the system modeller while the theory as such does not 

provide it with any substance for a successful performance. Second, the organisational 

memory function showed to be very instrumental in making some aspects of a social 

system intelligible. Third, the same was found for the general process theory. Fourth 

is about the goal-action modelling tool. Its prescription that a complex system's goals 

at various levels should correspond with each other, need not be necessary valid for 

social systems, yet it proved to be helpful. 

The third issue focuses the limitation in the kind of intelligibility the 

constructed models provide a modeller. It was found that the theory focuses a social 

system's instrumental rationality and omits its communicative rationality and 

therefore limits its understanding of the studied system. Next, the theory's empirical 
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origins are  bio-psychic which makes it impotent to take account into properties that 

are peculiar to social systems, and therefore limits the generated understanding of 

social systems. Furthermore, the theory seems to exercise scientism by absolutising 

the role of epistemology and science. This may lead to an ignorant position to 

everyday naive knowledge, which in turn limits its potential in understanding a 

studied system. 

7.2 OVERALL CONCLUSION 

The present study of the  DIOS-model suggests that its various components may find 

corresponding functioning in social organisations and that their absence or inadequacy 

may lead to a poor performance. Therefore, the  DIOS-model may be considered as a 

tool for helping organisations that need to adapt their functioning to changing 

conditions. However, this study shows also some important limitations of the  DIOS-

model. It should therefore not be used uncritically, and it requires further 

development. 
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A Principal Exposition of 
Jean-Louis Le Moigne's 
Systemic Theory 

Darek M.  Eriksson  
Department of Informatics and Systems Science, School of Business 
Administration and Social Sciences,  Luleå  University of Technology, Sweden. 
Darek.Eriksson@ies.luth.se  

Abstract 

The aim of this article is to present to the reader 
the theoretical construction of Jean-Louis Le 
Moigne. It starts with a discussion of the back-
ground that is relevant for this construction, 
which is: a few words about Le Moigne him-
self, some influences on his thinking and an 
overview of the theoretical framework together 
with some domains of application. The fol-
lowing exposition of Le Moigne's  Systemics  
(LMS) is articulated in three groups: the what, 
the why and the how of knowing. 

The what presents the two basic hypotheses of 
LMS' epistemological version, called Projec-
tive Constructivist Epistemology. These are: 
the phenomenological and the teleological hy-
potheses. The three dominating properties of 
the first hypothesis, that is the irreversibility, 
the recursivity and the dialectics of knowing, 
are presented as well. 

The why question presents the criterion for 
validation, which is projective (or cognitive) 
feasibility, to be contrasted with the positivist's 
aspiration for objective truth. This presents 
LMS' solution to the dilemma between objec-
tivity and relativism. Projective feasibility is 
possible due to the so-called social contract and 
the autonomy of science as a domain of 
thought, both are discussed. 

The third question, the how, presents a set of 
cognitive instruments for knowledge constitu-
tion. These may be articulated in three sub-
categories: modelling rationality, systemic 
modelling and inforgetic theory. 

Under the label of modelling rationality the 
following topics are discussed: formalism, pro-
cedural rationality, conjunctive or self-
referential system of logic and the discussion of 
the method for conduct of good reason. 

Cybernetics & Human Knowing voL 4, no. 2-3, 1997 
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Secondly, systemic modelling discusses: com-
plexity, modelling, the canonic model of a 
General System, LMS' modelling instrument 
called Systemography, the canonic model of a 
General Process, the canonic model of Infor-
mation Processing System, LMS' instrument 
for articulation of complex systems called 
Teleological Complexification of Functional 
Levels, a general and a priori identification of 
pertinent levels of complexification of a com-
plex system's organisation as manifested in the 
canonic model called Decision-Information-
Organisation System, and finally the paradigm 
of an active organisation: Eco-Auto-Re-
Organisation with its canonic model of organi-
sation, the latter is a conflictful conjunction of 
three recursive functions: to produce and self-
produce, to relate and self-relate, to maintain 
and self-maintain. 

Thirdly, inforgetic theory refers to the concep-
tual relation between information and organi-
sation. It includes: the canonic model of infor-
mation: Signified-Sign-Signification, the first 
principle of inforgetics: the principle of self-
organisation, and the second principle of infor-
getics: the principle of intelligent action. Fi-
nally, the article gives a brief summing up of 
the significance of Le Moigne's contribution. 

1. Introduction 

For over a quarter of this century, Jean-Louis 
Le Moigne has developed a particular version 
of constructivist epistemology and a theory of 
systemics founded on that epistemology. His 
works are not well known to the Anglo-
American community. This paper is an attempt 
to remedy this by making a general presenta-
tion of the main ideas of Le Moigne's works.' 

The present exposition starts with a short back-
ground presentation that includes a few words 
about Le Moigne, a brief discussion about the 
intellectual influence on his thinking and a 
brief overview of his theories. That introduc- 

tion will then be followed by the main exposi-
tion of Le Moigne's theoretical construction. 
Finally, we briefly sketch a summing up of this 
contribution's significance. 

2. Some Backgroiind 

2.1. A few words about  J-L Le Moigne 

Jean-Louis Le Moigne, born in 1931, is profes-
sor of Systems Science at Aix-Marseille Uni-
versity III in France. Le Moigne was educated 
as an engineer. For a short while he participated 
in the French military intervention in Algeria, 
which left some marks on his thinking. Le 
Moigne spent 13 years as a scientist, engineer 
and then manager in a large French industrial 
company. He was one of the firsts in France to 
apply an operations research approach to prob-
lem solving in industrial domains. That activity 
seems to have left some traces. Indeed he was 
very unhappy with the natural science and en-
gineering approaches behind problem solving 
in human activity systems. He considered them 
to be limiting and inadequate for such tasks. 

Due to the student revolt in the 1960's, the 
French universities started to look for managers 
to join them, in order to contribute with their 
experience and thinking. Le Moigne was one of 
these. For a start, he spent a year in the United 
States, first at the Harvard School of Econom-
ics and then at Massachusetts Institute of Tech-
nology. In his comments (Le Moigne 1989a) it 
is clear that he was surprised and disappointed 
about the superficiality that education implied. 
It is also clear, that this period exposed him to 
some ideas that came to affect his thinking and 
theory constriiction in a certain way. An exam-
ple of the latter is H.A. -Simon's (1969) "The 
science of the artificial", or Z.S. Zannetos' 
(1968) "Toward intelligent management infor-
mation systems". 

When Le Moigne started his teaching at the 
university, he found himself in a problematic 
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situation. He was supposed to teach a discipline 
that was called by the Anglo-American world 
'Management Information Systems', that is, the 
application of computer systems to problem 
solving in socio-economic contexts. This intel-
lectual domain, then rather ill-defined, did not 
have enough theoretical qualities. Le Moigne 
considered the small theoretical contributions 
that existed either fragmentary or, due to his 
own experience, unusable. He started to look 
for more substantial theories and used the do-
main of system science as a guide in his en-
deavour. For more than 25 years he has con-
structed, re-constructed and conjuncted theories 
in order to support his students with cognitive 
instruments in their future professions. Among 
others, Le Moigne is the co-founder and direc-
tor of the research group GRASCE2  that has its 
laboratories at Aix-en-Provence. He is chair-
man of MCX, which is an organisation for 
modelling of complexity. He has published 
numerous of aticles and books, mainly in 
French. (Le Moigne 1989a) 

2.2. Some influences on Le Moigne's think-
ing 

Le Moigne (1994) often states that the main 
impression for his works is due to what he calls 
the golden triangle of PSM. This is  J.  Piaget, 
H.A. Simon and  E.  Morin. Indeed these influ-
ences are not difficult to recognise. He also 
mentions sometimes the so-called three V's, 
that is L.  da  Vinci, G.B. Vico and  P.  Valery (Le 
Moigne 1994). These are certainly not as 
dominating as the golden triangle but have still 
left some visible traces. The two triples are 
however not the only influences. One of the 
main merits of Le Moigne's work is the ability 
to bring together large amounts of literature 
from very different disciplines into a coherent 
unity, which few would expect possible. A 
sample of some names may be mentioned:  G.  
Bachelard,  G.  Bateson, A. Bogdanov,  K.  
Boulding,  H.  von  Foerster,  A. Korzybski,  R.  
Mattessich, F.  Varela, N.  Wiener. 

The discussion of all these influences would 
certainly require another article. A short com-
ment on the golden triangle will have to suf-
fice. Jean Piaget's works on genetic epistemol-
ogy (Piaget 1970) are a clear foundation for Le 
Moigne's own epistemological dialect. Further, 
Le Moigne (1977-1994) synthesised Piaget's 
(1968) structuralist theory with  N.  Wiener's 
(1948) cybernetic. That exercise resulted in Le 
Moigne's systemic model, which is the kernel 
of his General Systems Theory (Le Moigne 
1977-1994). Piaget's (1967) system of sciences 
is clearly visible in Le Moigne's (19956) own 
contribution to that topic, also affected by 
Morin's notion of cyclical complexity. It was 
Piaget - shortly before he passed away - who 
personally encouraged Le Moigne to continue 
his ongoing project. 

Herbert A. Simon's contribution to science in 
general is broad, concerned with, for example 
organisation theory, management science, eco-
nomics, computer science, artificial intelli-
gence and psychology. These aspects are visi-
ble in Le Moigne's approach, for example in 
his conception of systems science as a science 
of design (Simon 1969). Further, Newell and 
Simon's (1972) Information Processing System 
theory has a central role as an instrument for 
representation and symbol manipulation. Si-
mon's (1976a) conception. of social organisa-
tion - that to organise is to decide rather than to 
produce, as the Taylorian school postulated - is 
visible. Further, the science of decision (Newell 
& Simon 1972, Simon 1982) and the strong 
teleological emphasis is also evident. Finally, 
following Simon (1976b), Le Moigne has fo-
cused a procedural reasoning rather than an 
substantive. 

Lastly, Edgar Morin's monumental project in 
conceiving of a new science, as expressed in La 
Mithode (Morin 1977, 1980, 1982. 1986, 1991; 
Le Moigne & Atlas 1984) has had quite a gen-
eral influence. Morin's conception of complex-
ity implies the necessity for complexification 
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rather than reduction, this in order to make 
phenomena intelligible. This approach seems to 
be fundamental for Le Moigne. Further, 
Morin's dialogic or recursive approach to rea-
soning is evident in Le Moigne's conception of 
the general model of organisation and also in 
his cyclic system of sciences (Le Moigne 
1990a, 19956). 

Altogether, the conjunction of the golden trian-
gle is probably most elegantly manifested in Le 
Moigne's conception of a decision epistemol-
ogy (Le Moigne 1982, 1986a, I995a). While 
Piaget was inspired by  Husserl,  Simon by  Car-
nap  and Morin by the Hegelian dialectic, Le 
Moigne's conjunction of the three perspectives 
has led to the emergence of a new argument. 
Hence the epistemological spectacles of the 
three contributors are exchanged for the newly 
emerged one. 

Finally, while Le Moigne has synthesised and 
transformed hundreds of influences into a 
unique system of thought, he would never 
claim ownership of it. Rather it belongs to the 
systems community'. This theoretical con-
struction will however, be labelled in the pres-
ent text as Le Moigne's Systemic, or just LMS. 
This metaphor is used here mainly for practical 
reasons but also because of the fact that the 
process of construction, reconstruction and 
conjunction has clearly been done by Le 
Moigne himself. 

2.3. An overview of LMS 

The present section gives an overview of LMS' 
theories discussed in the rest of this paper (see 
Figure 1). When discussing a theory of knowl-
edge' three main questions may be posed: What 
is knowledge? - Le Moigne calls it a gnostic 
question - [A]; How to appreciate the value of 
the knowledge, hence why is knowledge valid? 
- Le Moigne calls it an ethical question -  [B];  
and How is knowledge constituted or  engen- 

dered?  - Le Moigne calls it a methodological 
question - [C].5  (Le Moigne 1995b) 

To the question what is knowledge? [A], LMS 
provides two basic hypotheses: the phenome-
nological hypothesis [Al] and the teleological 
hypothesis [A2]. The first can be characterised 
by three dominating properties: knowing is 
irreversible [Ala], recursive [Alb] and dialec-
tic [Ale]. The second question we shall discuss 
here, that is why is knowledge valid?  [B],  can 
be conceptualised on two levels. First, the vali-
dation of knowing is postulated as due to the 
criterion of projective feasibility [B1]. Sec-
ondly, the domain of science in general is pos-
tulated to be autonomous [B2]. The third and 
final question discusses the methodological 
aspects of how to construct knowledge  [C].  The 
answers to this can be conceptualised in three 
groups: the first group, called here Modelling 
rationality  [Cl],  includes procedural rationality  
[Cia]  rather than substantive, a conjunctive 
system of logic [C1  b]  rather than, the one of 
excluded thirds, and LMS' own method [Cie] 
rather than accepting Descartes'. The second 
group, called here Systemic Modelling  (SM),  
[C2], and which may be contrasted with the 
generally accepted Analytical Modelling (AM), 
includes the following: a canonic model of a 
General System (GS), [C2a], LMS' basic mod-
elling tool called Systemography (SGR), [C2b], 
a theory of a General Process (GP), [C2c]. The 
latter is a foundation of SM's modelling tool 
for articulation of relations between Processors 
in a system; here it is called Teleological Corn-
plexification of Functional Levels (TCFL), 
[C2d]. LMS offers also a paradigm of organi-
sation, expressed in the concept of Eco-Auto-
Re-Organisation (EARO), [C2e]. This para-
digm considers organisation to be a property of 
a system. That property is a conjunction of 
functions that is active and full of conflict, 
rather than just a passive structure. The third 
group is the Theory of Inforgetics [C3], which 
focuses on the relation between information 
and organisation, eventually mediated by a 
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decision. lnforgetics may be contrasted to the 
theory of energetics, the latter focuses on the 
relation between matter and energy. Inforg,etics 
offers the Principle of Self-Organisation [C3a] 
and the Principle of Intelligent Action [C3b]. 
These two may be juxtaposed with energetics' 
principle of mutual conservation between en-
ergy and matter (or entropy) and the principle 
of least action (or maximum-from-minimum). 

LMS has also produced a certain number of 
applications, both on the meta or epistemologi-
cal level and on the object or theoretical level. 
The first one includes: decision sciences epis-
temology of organisation, cognition sciences 
epistemology of decision, epistemology of 
management sciences, cognition sciences epis-
temology of intelligence symbolisation, epis-
temology of communication sciences, episte-
mology of informatics or sciences of Computa-
tion, epistemology of technology or sciences of 
engineering, epistemology of design sciences, 
and epistemology of education sciences (Le 
Moigne 1994b). 

Secondly, on the object level, LMS has been 
the foundation for Le Moigne and his col- 
leagues in research and theoretical construction 
in diverse areas. Le Moigne has mainly but not 
exclusively developed theories for decision 
support and organisational information sys-
tems, and organisational theory (Le Moigne 
1973, 1974a, 1974b, 1975, 1981, 1983b, 1984a, 
1985b, 1986a, I986b, 1987a, 1992; Le Moigne 
& Landry. 1977a; Le Moigne & Carl-6 I977b; 
Le Moigne & Pascot 1979; Le Moigne & Si-
bley 1986; Le Moigne & van Gigch 1989, 
1990e; Le Moigne & Bartoli 1997), among 
others. A sample of other's applications in-
clude: organisation information systems and 
software modelling (Bartoli 1991a; Quang and 
Charter-Kastler  1991; Adreit 1994; Avenier 
1996;  Eriksson  1996); logistics (Bartoli 1991b; 
1994a; 1994b); group decision support systems 
(Orillard 1992); organisational and business 
modelling; (Bartoli 1992; Vidal 1996); and 
strategic management (Avenier 1992a; 1992b; 
1995). 

Figure I. Shows a principal overview of Le Moigne 's  Systemics.  The scheme is articulated in three 
main domains; this is in accordance with the three basic questions that characterise epistemological • 
discussions: the assumptions of what is knowledge, the criteria of why knowledge is valid, and the 
methodological instruments that support knowledge development, i.e. how to constitute knowledge. 
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3. The Epistemological Foundation 

The whole family of constructivist epistemolo-
gies as such share the anti-positivist and  anti-
realist  position. Some members of this family 
are:  J.  Piaget's (1970) dialectic constructivism, 
radical constructivism due to  E.  von Glaserfeld 
(1995) and  P.  Watzlawick (1977, 1984),  H.  von 
Foerster's (1984) second order cybernetic con-
structivism, or  G.  Bateson's (1971) pragmatist 
constructivism. (Le Moigne 1993, 1995b) Le 
Moigne's conception is labelled Projective 
Constructivist Epistemology (PCE); this is due 
to the dominating teleological hypothesis (Le 
Moigne 1995b). 6  

Further, most epistemologies refer to a few 
basic hypotheses, often implicitly and in differ-
ent terms. The following presentation is done 
accordingly. 

3.1. The phenomenological hypothesis' 

"An existing and knowledgeable reality may be 
constructed by its observers who are then its 
constructors (or modellers)." (Le Moigne 
1995b:39). In short, the phenomenological 
hypothesis postulates that the knower knows a 
phenomenon only due to artificial representa-
tions of subject-object interactions. 

The action of knowing does not start by the 
knowledge of self or by the knowledge of 
things as such, but by that of their interactions. 
This interaction reflects the inseparability of 
the act of knowing an object and the act of self-
knowing, as exercised by the knower. It is this 
cognitive interaction between the known expe-
rience - rather than an ontic reality - and the 
knowing subject, which forms - at the same 
time - the knowledge of the phenomenon and 
the knowledge of the subject. Hence, the often 
used expression: intelligence organises the 
world by organising itself (Le Moigne 1994, 
1995b). 

The postulate that human beings know only 
inter-actions implies that knowing is an active 
construction. The known reality is then a phe-
nomenological reality constructed by the sub-
ject due to her/his experiences in her/his neural 
system. When the cogniser or knower knows 
only interactions and not the substances then 
the knowledgeable reality is a reality of action. 
This reality is constructed by a knower through 
symbolic interactions: schemes, letters, num-
bers, phonemes, etc. (Le Moigne 1980a, 
I995b). 

Knowledge is built up from the beginning by 
the subject and there are no givens, nor objec-
tive empirical data or facts, nor innate catego-
ries or cognitive structures. The initial argu-
ment is then of absolute primacy of the knower, 
capable of attaching value to the knowledge 
that it constitutes. This knowledge then does 
not have sense nor value outside the particular 
knower. Therefore, the knower is not able to 
postulate the existence or not, of a knowable 
reality that is strange to her/him. For the cog-
niser the unknown is only knowledge in the 
instance of actualisation. Thus the metaphysical 
or theological question of eventual unknown 
reality does not make sense for the knowing 
subject. (Le Moigne 1995b) 

Further LMS states: "The experienced knowl-
edge by a cognitive subject, whether it be tan-
gible or physically felt, or intangible or cogni-
tively perceived, is knowledge if he attributes it 
some proper value." (Le Moigne 1995b:67). A 
value then, if it is the subject's own choice, can 
not be considered independent of the knowing 
subject, which would be the value of objective 
truth. A knower's value of her/his knowledge is 
practice dependent for its appreciation of con-
sequences of actions that it elaborates when 
referring to this knowledge. In this case the 
apparent simple criterion of objective truth - or 
revealed - proves to be less appropriate when 
characterising knowledge (Le Moigne 1995b). 
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As a consequence of this impossibility of ob-
jective knowledge, the question of alternative 
criteria of validation emerges. Generally, con-
structivist epistemologies associate themselves 
with the inter-subjective property of knowl-
edge, implying that mental schemes of different 
subjects may fit each other. According to Le 
Moigne (1995b) however, this is the same as 
the American pragmatist's thinking of knowl-
edge validation. This postulates the feasibility 
criterion and expresses value in all knowledge. 
Le Moigne (1995b:68) gives the following 
illustration: "It is difficult to evaluate the ob-
jective truth of our knowledge relative to hu-
man rights but one may reasonably consider 
that this knowledge was less easily 'teachable' 
in the slavery ancient Greece than, for example, 
during the American Secessionist War." (The 
argument of validation will be discussed further 
in the section 3.3.) 

Finally, the value attached to knowledge must 
be accessible somehow. This is exercised 
through the artificial mediation of representa-
tions constructed by the subject itself with the 
aid of a system of symbols, or to use Le 
Moigne's ( I 995b:69) expression: "/.../ repre-
sentation constructs knowledge which repre-
sents it." Then the problem posed to all para-
digms, from realism to idealism, by the signifi-
cance of the correspondence between knowl-
edge and representation is given the phenome-
nological answer by PCE. Le Moigne 
(1995b:69) uses Korzybski (1931-1980) to 
illustrate this argument in the following man-
ner: "The map - or representation - is not the 
territory or a knowable reality independent of 
the subject /.../", rather "/.../ the map expresses 
experimental knowledge of the territory by the 
subject, which sometimes transforms it 1.3", 
therefore: "/.../ if the map is not the knowable 
territory, the known territory becomes the 
map.". Le Moigne (1995b:44) summarises this 
as follows: "We do not know reality except 
through names or representations we attribute 
to individuals through whom we perceive it. It 

might not be a 'true' reality which we know but 
an artificial representation (names) that we 
associate with it.". This inseparability of 
knowledge and its representations as under-
stood in their inter-activity of intentional expe-
rience of the knowing subject and the subject's 
constructions that represent this phenomenol-
ogical knowledge, is a basic hypothesis of 
LMS. 

The following three sections will discuss the 
three dominating characteristics of the phe-
nomenological hypothesis: the irreversibility, 
the recursiveness and the dialectics of knowing. 

3.1.1. Time and irreversibility of knowing 

The irreversibility property postulates that 
knowledge is an action rather than a result, 
knowing rather than knowledge. Such a notion 
refers to the Heraclitan formula, stating that 
one cannot enter the same river twice... This 
quality concerns the status of time relating to 
action; more precisely the irreversibility of 
action. It may be contrasted with its antithesis 
due to classic Newtonian mechanics, which 
presumed total reversibility of phenomena and 
time. 

"The absolute instantaneousness seems incon-
ceivable to the knowing subject, because he 
never had such a cognitive experience." (Le 
Moigne 1995b:73). The concept of action im-
plies that the temporality that is perceived is 
irreversible. LMS uses the works of Bergson, 
Costa de Beauregard and more recently 
Prigogine with Stengers (1979), but also refer-
ring to  R.  Dubos (1981). The latter wrote a 
little before he passed away: "/.../ the time will 
come when one will realise that the theory of 
rigidity of interior environment of  C.  Bernard is 
no longer so valuable /.../ the scientists will 
realise that all changes are irreversible /.../." 
(in: Le Moigne 1987a:12). 
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3.1.2. Auto-reference, recursiveness and in-
separability of knowing 

This characteristic of knowing allows the 
knower to accept the cognitive act of self-
reference, forbidden since the Aristotelian logic 
of excluded thirds. LMS reconsiders the notion 
when a proposition includes itself as a referent, 
due to the works on living systems of  Varela  
(1975, 1977) who builds on Spencer Brown's 
laws of form. Further, von Foerster's (1959) 
and Bogdanov's (1980) works have clearly left 
their traces as well; the latter focuses on the 
cognitive function of joining. (Le Moigne 
1980a, 1985a) 

The recursiveness of cognition recognises the 
inter-dependence between the subject and the 
object. This accounts for a case when an oper-
and, in the same system and at the same time, 
may also be an operator. LMS stresses that 
everyday experience conforms that the human 
mind is capable of conjunctive reasoning as 
well as of disjunctive reasoning. This expresses 
itself in grammar (verbal substantive) and 
rhetoric in an intelligent way; for example, the 
concept of organisation expresses, at the same 
time, the action and the result: an organisation 
organises itself thus becomes (re-) organised. 
(Le Moigne 1990a) 

3.1.3. The dialectics of knowing 

The dialectic property was well focused in the 
discussion of the phenomenological hypothesis 
above. It concerns the interactionist paradigm: 
"/.../ the emerging system is both more and less 
than the sum of its elementary parts /.../" (Le 
Moigne et al. 1992:10). Dialectics may be con-
trasted with and is a conjunction of two alter-
native paradigms, the individualist or  atomist  
and the holist paradigms. The  atomist  considers 
the superiority of the individuals of a particular 
system over the whole systems they are a part 
of. On the other hand, the holist paradigm: "/.../ 
considers that the .fundamental explanation of a  

phenomenon is to be found due to the action of 
the superstructure over the parts of the system 
/.../" (Le Moigne et al. 1992:10). Hence, while 
the individualist approach focuses on the dia-
chronic property and the holist on the syn-
chronic, the interactionist stance manifests 
both. This was elegantly expressed already by 
Pascal (1963:Thoughts no.72) "/.../ I hold it 
equally impossible to know the parts without 
knowing the whole and to know the whole 
without knowing the parts." 

3.2. The teleological hypothesis 

The seminal article of  N.  Wiener, A. Rosenblu-
eth and  J.  Bigelow (1943) "Behaviour, Purpose 
and Teleology" äcted as a kind of catalyst for 
the epistemological mediations, reintroducing 
the old thesis of teleology. The everyday expe-
rience shows that the same cause do not always 
lead to the same effect, as was proclaimed by 
Boudon (1968). The latter showed that there 
are four possible correspondences and not one, 
between the occurrences of two sets of events: 
A and  B.  Occurrences of  B  may in effect be 
rationally identifiable and interpretable ac-
cording to whether the occurrence of A is or is 
not necessary to it, and whether it is or is not 
sufficient to it. In one correspondence A is a 
causal one, hence a necessary and sufficient 
condition to  B.  While in the three others it is 
not the cases  - 'an acorn does not always cause 
an oak'. Thus Le Moigne (1977-1994:38) asks 
whether they are: "/.../ devoid of reason and not 
worthy of rational knowledge?" 

Attributing to the knowing subject the decisive 
role in the construction of knowledge, the phe-
nomenological hypothesis takes into account 
the intentionality, or finality (or aim, end, goal, 
objective, purpose, projectivity, aspirations...) 
of this knowing subject's mind. This meaning 
of the interpreted phenomenon is then assigned 
in reference to one or more ends which in itself 
do not necessarily impose or imply any onto-
logical validity. Denying the free will of the 

42 

104 



Appendix 

knower, the big-brother hypothesis of deter-
minism seems less plausible to most cultures 
today. The shadow is still visible of Kepler, 
Galileo and Newton's imposed conviction that 
the world is endowed of a structure and order, 
incorporating cause-and-effect laws. (Le 
Moigne 1994) 

In summary, the two basic hypothesis of PCE, 
postulates that the knower knows only inten-
tional representations of dialectic inter-actions  

between experiences of the subject and the 
subject itself. These are recursive and irreversi-
ble, and constructed and organised actively by 
the knower. Hence PCE's conception is differ-
ent from Piaget's dialectic constructivism, 
which considers itself to be an idealist-realist 
oscillation, even though it expressed the goal-. 
oriented property, seemingly in a teleonomic 
rather than in a teleological way. Table 1 illus-
trates the what-question of PCE. 

PARADIGM: CONSTRUCTIVIST POSITIVIST & REALIST 
1St Gnostic hypothesis: Phenomenological Ontological 

characteristic 1: Temporal irreversibility Total reversibility 
characteristic 2: Included thirds Excluded thirds 
characteristic 3: Dialectic Individualist 

2' Gnostic hypothesis: Teleology Determinism 

Table I. Shows a juxtaposition of the basic hypothesis of what is knowledge. The juxtaposed posi-
tions are the constructivist paradigm and the positivist and realist paradigms. The two basic hypothe-
ses of constructivist position and their properties, may be also expressed in three cognitive proper-
ties, which are: synchronicity, diachronicity and autonomy. These are well visible in the methodo-
logical arsenal of Le Moigne's  Systemics.  

3.3. The validity of knowing 

The issue of knowledge validation will be dis-
cussed on two conceptual levels; first the vali-
dation of a particular statement and secondly 
the validation in terms of the whole epistemic - 
theory considered as a scientific domain. These 
two are necessarily inter-related and support 
each other. The first theme has already been 
discussed briefly in the discussion about the 
phenomenological hypothesis. This kind of 
repetition manifests the recursivity of this the-
ory. 

3.3.1. From' objective truth and the meta-
physical contract - To projective feasibility 
and the social contract 

As discussed previously, constructivist episte-
mologies in general postulate the inter- 

subjective criterion for validation. It means that 
the mental schemes of different knowers are to 
fit each other rather than match perfectly each 
other or an ontic reality (see for example von 
Glaserfeld 1995). PCE however, postulates that 
behind this reasoning the criterion of feasibility 
is to be recognised. In this regard, LMS refers 
to the American pragmatist philosophy, for 
example  J.  Dewey's pragmatism (or instru-
mentalism) but also to Vico's (1710): 'truth lies 
in the doing'. Given this, PCE postulates the 
criterion of Projective Feasibility. It implies 
that truth is what the experiences of a knower, 
or group of knowers, manifest as feasible due 
to their intentional actions. This criterion is 
founded on the hypothesis of intentional and 
active construction of knowing, preferably car-
ried out with procedural reasoning (the latter to 
be discussed in the following). That notion may 
be contrasted with the criterion of objective 
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truth, founded on the hypothesis of passive 
reception of a given object, which is carried out 
with substantive reasoning. (Le Moigne 1993, 
1995b) 

The PCE may be asked for self-validation, es-
pecially while one of its main properties is the 
self-referential quality. Le Moigne (1995b:40) 
delivers the following reasoning. "The power 
of the hypothesis of constructiveness of the 
knowable reality stems from its plausibility and 
its effectiveness. Its weakness, in the cultural 
context of the era, stems perhaps from its de-
sanctifying effect on scientific knowledge." 
Hence, rather recursively, LMS postulate that it 
is plausible or feasible to use the criterion of 
projective feasibility. More specifically, for 
LMS to propose an epistemological foundation 
and therefore criterion for knowledge con-
struction implies a social contract for the socio-
cultural system that is supposed to develop this 
knowledge. This knowledge ought to then hold 
some identifiable value for this culture as ex-
pressed in sense, intelligibility or effectiveness 
(Le Moigne 1995b). The criterion of projective 
feasibility applies to the whole epistemological 
foundation. On the other hand Le Moigne 
(1995b) notes that, if this truth is an illusion, 
then the socio-cultural system does not accept 
any more the criteria of knowing. This seems to 
be the case with positivist's conception of ob-
jective knowledge, in this case such an episte-
mological system and its ethical value has no 
longer any basis. This is because: "No scien-
tific or cultural authority could have the mo-
nopoly of determination of ethical value of 
knowledge. But epistemology is best placed of 
all disciplines to recognise and show questions 
on the value of knowledge, by which in some 
way, it ensures the scientific status." (Le 
Moigne 1995b:88). This social contract of 
epistemological foundations is possible to ex-
ercise due to LMS' notion of an autonomous 
science, hence the epistemology may be 'best 
placed' to examine its own foundations. The  

argument of scientific autonomy is discussed 
next. 

3.3.2. From the science of autonomy to the 
autonomy of science 

In the discussion above, LMS argues for the 
validity of an epistemological system in refer-
ence to the social contract. Epistemology is 
postulated to be `...best placed of all...' to en-
sure its own foundations. 

The initial question is: "Can science be under-
stood enough to self-produce its own founda-
tions?" (Le Moigne 1983a, 1994:25). Accord-
ing to LMS, tackling this issue exposes a para-
dox: while science in general can today speak 
of a particular science of autonomy', it still 
does not recognise the autonomy of the science 
in general. LMS blames the positivist shadow 
for this situation. In order to manage this para-
dox LMS twists the premise affirming the ex-
istence of the science of autonomy, and it pres-
ents some criteria to recognise the domain of 
thought that may be called science. LMS uses 
the following definition of autonomy: 
"Property of a system in general taking into 
account its aptitude to be identified and to 
identify itself, at the same time, different and 
maintained different from its substrate envi-
ronments, on which it is interdependent." (Le 
Moigne 1983a, 1994:29). This definition is 
postulated to be recognised by physical, living 
and social sciences. According to LMS, this 
notion of autonomy will make it possible to 
ensure an autonomy of science. 

Armed with this conception, LMS goes on to 
examine the positivist notion of science. The 
latter may be defined (Le Moigne 1983a, 
1994:30) as: "A set of types of knowledge of 
studies., of universal value, characterised by _a 
goal and a predetermined method, and based on 
true, objective relations." Hence in positive 
terms, science may perhaps be identified as 
different from its substrate (a subset of knowl- 
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edge-types capable of differentiation of cul-
ture...). But it could not identify itself as such 
(as an object of knowledge, it precludes itself 
from being the subject of knowledge) and 
above all, it precludes itself from maintaining 
its specific difference from the substrate envi-
ronment (the culture) because it Wanted to as-
similate, by successive annexations, its sub-
strate. Hence since Comte, science forbids it-
self to be autonomous because of the postula-
tion of previous determinants, that is something 
can not be autonomous if it can not differenti-
ate or identify itself. (Le Moigne 1983a, 1994) 

LMS notes that the positivist tradition has at-
tempted to escape from this conception. Exam-
ples of this kind of succession from inside 
positive epistemology are Popper's (1959) 
"Logic of Scientific Discovery", which postu-
lates that a proposition may be scientific and 
false. Another attempt was due to T. Kuhn's 
theory of paradigms suggesting the relativity of 
epistemology. 

LMS on the other hand approaches the problem 
from another avenue. It associates itself with 
Piaget's (1967) classification of science, argu-
ing that it is still one of the most adequate. 
Piaget's system suggests the forgotten para-
digm of the science of  ingenium,  more recently 
known as the science of design, the science of 
artificial (Simon 1969), and for LMS the sci-
ence of systems. The science of design is con-
sidered as complementing or as an alternative 
to the natural or analytical sciences. Armed 
with this notion, LMS draws the following 
conclusion: "Science thus understood does not 
uphold the ideal of an asymptotic approach of 
some immanent truths (progress), it wants to be 
the edification by humanity (design-
construction) of its own natural state; nature for 
science ceases to be a gift (natural) in order to 
become a work (artificial)." (Le Moigne 1983a, 
1994:38) 

The paradigm of design and therefore of or-
ganisation offers a liberating interpretation of 
science: "I...I organisation of appearances by a 
system of principles /.../" instead of "/.../ reve-
lation of laws /.../" (Le Moigne I983a, 
1994:39). Organisation of appearances is then a 
characterisation of non-positive epistemology 
where organisation - the fundamental paradigm 
- is a nucleus of all theories. The organisation 
of appearances focuses on the organisation of 
perceptions; perceptions that are both sensa-
tions and judgements because to feel is to 
judge. "To inform one self or to feel, is to de-
cide to inform one self and therefore to judge." 
(Le Moigne 1983a, 1994:39) LMS considers 
science as an organisation of perceptions and 
conceptions and therefore of knowledge. 

LMS draws attention to  J.  Ladriere's (1975) 
definition of science that appreciates its recur-
sive and non-linear character: "One could say 
that science is a critical mode of knowledge. 
The qualifier 'critical' indicates on the one 
hand that science exercises vigilant control 
over its own advances, on the other hand that it 
works out methods that permit it to extend in a 
systemic fashion its own field of knowledge. 
Scientific advances are at the same time re-
flexive and prospective... The organising prin-
ciples of science are not furnished to it by ex-
ternal instances; the work-out of validity crite-
ria and methods of research intrinsically forms 
part of development of scientific knowledge." 
(In: Le Moigne 1983a, 1994) 

Finally, Le Moigne (1983a, 1994:40) modifies 
this conception in the following manner, sci-
ence is: "/.../ a mode of critical knowledge at 
the same time reflexive and prospective which 
ensures our resolution: that of scientific reality 
of non-positive science. This suggests our the-
sis of autonomy of, science, such an under-
standing of science supports willingly the le-
gitimacy of the science of autonomy." Table 2 
shows a.  recapitulation of the validation discus-
sion. 
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PARADIGM: REALIST & POSITIVIST PROJECTIVE CONSTRUCT!  VIST  
Search for: Objective truth Projective feasibility 
Individual validity: Imposition of some 'external' 

criteria 
Subject's believe 
(Subject's coherence) 

Collective or social 
validity due to: 

Contract with Metaphysics 
or Religion 

Social contract (inter-subjective coher-
ence/fit) 

Status of the scientific 
domain: 

Not autonomous Autonomous 

Table 2. Shows a juxtaposition of validation criteria (the why-question) for the two respective posi-
tions, that is, the constructivist paradigm and the realist and positivist paradigms. 

4. LMS In Action 

The following sections will discuss the how-
question of LMS theories. This issue is deter-
mined fundamentally and necessarily by the 
two questions discussed previously. Le Moigne 
has succeeded in formulating a significant 
number of theories for modelling of complex 
systems. For reasons of clarity, the how of 
LMS framework is articulated here in three 
categories: modelling rationality, systemic 
modelling and inforgetic theory. These catego-
ries are not exclusive but rather strongly inter-
related. 

4.1. Modelling rationality 

The domain of modelling rationality includes 
discussions on formalism and procedural ra-
tionality, conjunctive logic and discussion of 
the method. 

4.1.1. Formalism and procedural rationality 

LMS defines formalisation as: "/.../ the cogni-
tive exercise allowing an action (a concrete 
system) to be transformed into a form (an ab-
stract system) /.../)" (Le Moigne 1993:4), while 
the reverse operation is considered interpreta-
tion. These concrete and abstract systems are 
considered as systems of signs, eventually sys-
tems of symbols. Consequently, formalism is  

defined as: "/.../ a symbolic system of rules 
carrying out such a process of transformation 
of experiences into knowledge /.../. Formalism 
is therefore any system of signs resulting from 
formalisation." (Le Moigne 1993:4) This no-
tion of formalism does not reduce formalism to 
the traditional logical and mathematical for-
malism. LMS owes this approach to Simon 
(1976b:304) who wrote: "/.../ formal models 
which, however rigorous, do not resemble very 
close the models using traditional mathemat-
ics." (Simon exemplifies the argument with the 
science of chemistry). Le Moigne (1993:5) 
pursues with: "The moralist, the jurist, the 
grammarian, the rhetor and, sometimes, the 
poet, all know this form of ancestral experi-
ence." Hence: "/.../ rigour is understood as the 
reasoning process developed to an explicit 
system of axioms, L./ which are not necessar-
ily those of deduction and non-contradiction." 
From this point of view, the three axioms of 
Aristotelian logic - which shadow the occiden-
tal science (and are presented in the following 
section on conjunctive logic) - are only one 
possible system of formal axioms among oth-
ers, not more or less rigorous. Le Moigne 
(1993) notes that even Aristotle did not con-
sider them to be imperative to reason. 

In contrast to the postulated neutrality of de-
ductive logic, Simon (1973, 1976, 1977) took 
into account the infinite capacity of the multi- 
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pie procedures that the reason can construct, 
followed by eventual action. Le Moigne 
(1990a) observes that Simon (1969) has shown 
in a convincing fashion, that from an action a 
state can be deduced but not the reverse. Thus, 
LMS priors procedural rationality that focuses 
deliberative, argumentative or dialectic heuris-
tics. In contrast, substantive rationality focuses 
on deductive, syllogistic or algorithmic rea-
soning (Le Moigne 1977-1994, 1990a, 1993, 
I995b, 1995c; Le Moigne & Bartoli 1994). The 
procedural course allows mastering forms of 
reasoning that were banned by deductive logic; 
such are: reflexiveness, recursiveness, self-
referentiality, irreversibility, • trial and error 
experimentation, analogue and dialectic rea-
soning through heuristic searches (Newell & 
Simon 1976). This approach aims reasoning,  

first of all, to produce meaning rather than run-
ning it by giving all emphasis to form. For ex-
ample the system of musical notations is inef-
fable, inexpressible and non modelable in the 
strict analytical or substantive sense. LMS ac-
cepts the modesty of procedural reasoning that 
implies an:  "LI  absence of any universal crite-
rion of ultimate validation other than 'beliefs' 
of the actor." (Le Moigne 1993:10) Conse-
quently, LMS adopts Simon's (1983) meta-
heuristic: 'searching is the end', operationalised 
in heuristics of  trial-and-error  experiments due 
to teleological models of successive and end-
less transformations of representations. (Le 
Moigne 1993) This meta-heuristic implies that 
the goal of human beings is to search for their 
goals and means of being. Table 3 summarises 
this discussion. 

PARADIGM: POSITIVIST & REALISM PROJECTIVE CONSTRUC-
TIVIST 

Preferred mode of rationality: Substantive reasoning Procedural reasoning 
characteristic 1 Syllogistic reasoning Rhetoric, Dialectic-Hybrid rea-

soning 
characteristic 2 Deduction Induction, Abduction, Trans-

duction, Retroduction' 
characteristic 3 Algorithmic reasoning Heuristic reasoning 
characteristic 4 Formal logic 

(OR-logic) 
Natural contemporary logic 
(AND-logic) 

Table 3. Shows a juxtaposition of the reasoning rationality modes and some of its characteristics, for 
the positivist and realist paradigms and the constructivist paradigm, respectively. Characteristic four, 
that concerns the respective paradigm's system of logic, is presented more extensively in Table 4 
below. • 

4.1.2. Conjunctive logic 

As suggested in the discussion on procedural 
reasoning, epistemological mediation of LMS 
implies a reconsideration of the Aristotelian 
axiomatics, that is the foundation of the formal 
disjunctive (OR) logic of excluded thirds. This 
logic of excluded thirds has been culturally 
established by followers such as: Boolean 
logic, Frege, Russell and Whitehead. Accord- 

ing to Le Moigne (1977-1994) reconsideration 
is crucial because: "The only constraint that the 
theory imposes on the modeller is the one of a 
prior verification: Had he shown some axioms 
with which he will progressively support his 
inference and engrave his design? But he 
should freely choose these axiomatics, and no 
theory will calculate it for him.". Before ex-
posing LMS' system of logic, a brief recount-
ing of the Aristotelian or disjunctive logic is 
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Systemic logic 
teleological operationality 
teleological irreversibility 
inseparability 
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given to make the argument more intelligible. 
First is the axiom of identity: that which is, is: 
'A is A'. Second, the axiom of non-
contradiction: nothing may be and not be, at the 
same time, hence:  B  may not be at the same 
time A and not-A. Third, the axiom of excluded 
thirds: everything should either be or not be:  B  
is either A or not-A. This system of logic ex-
clusively supports deductive reasoning. A 
problem arises when a proposition includes 
itself as a referent. This issue has been a prob-
lem since Aristotle, yet it has been ignored. 
Consequently, if A designates Truth, the sign 
not-A should necessarily designate the opposite 
to Truth, that is: False; and no other signifi-
cance could be associated with the signs A and 
not-A. This disjunctive logic (OR-logic) does 
not account for everyday phenomena that hu-
mans experience in their complexity, as con-
junctive. These are natural because they are 
represented in everyday language by a number 
of concepts often through verbal substantives. 
For example the concept of organisation may 
be both a process and a state at the same time. 
(Le Moigne.1990a) 

LMS associates itself with works such as Kor-
zybski's (1931) proposition to formulate a non-
Aristotelian system of logic with the purpose of 
allowing expressions of reasoning uncon-
strained by the axiom of excluded thirds. But  

also with Varela's (1977) work on autopoiesis, 
which requires a self-referential epistemology 
and with Piaget's proposed design of logic of 
significations (Piaget & Garcia 1987). 

The generation of alternative systems is vali-
dated accordingly to the previously exposed 
discussion, that is: "There is not any immanent 
authority that shows logicians and methodolo-
gists which are the good or true axioms. The 
formation of a body of axioms of reference, is 
no doubt, a historic and cultural process. One 
ascertains that these marks, which we will call 
axioms, were already used in the past by some 
good minds who left us trails of their reflec-
tions." (Le Moigne 1990a:34) 

LMS' alternative, a conjunctive system of logic 
(also called: AND-logic or self-referential 
logic) reflects the founding gnostic hypotheses 
and its properties, as presented previously. The 
axioms of AND-logic are as follows. First is 
the axiom of teleological operationality (or 
synchronicity). It implies that a phenomenon is 
meaningful, if perceived as an intentional ac-
tion and not an erratic one. Second, the axiom 
of teleological irreversibility (or diachronicity): 
a phenomenon that is capable of being mod-
elled, hence meaningful, is perceived as a 
transformation, forming a project in time, and 

PARADIGM: POSITIVISM & RE 
System of Logic: Analytic logic 

1" axiom of: identity 
2"d  axiom of: non-contradiction 
3rd  axiom of: excluded thirds 

Table 4. Shows a juxtaposition of two systems of logic. That is, analytic logic (or disjunctive logic, 
OR-logic, logic of excluded thirds) and systemic logic (or conjunctive logic, AND-logic, logic of in-
cluded thirds). They belong to the two juxtaposed paradigmatic positions, that is, the positivist and 
realist paradigms and the constructivist paradigm. The reader may observe the relation between axi-
oms of systemic logic and the three properties of cognition. That is to say, axiom one and syn-
chronity, axiom two and diachronity, and axiom three and autonomy. 
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having a history. Third is the axiom of insepa-

rability (or recursivity, or included thirds, or 

autonomy). It axiomises that a phenomenon 

that is capable of being modelled is perceived 

as inseparable knowledge of an operation and 

its product; thus a product and a producer at the 

same time. (This is because the human experi-

ence of an object and of itself is not separable, 

as the Cartesian shadow imposed. For example 

organisation is considered both and at the same 

time to be a state that is organised by human 

cognition and a process of organisation by the 

same cognition). Table 4 summarises the dis-

cussion of LMS' system of logic. (Le Moigne 

1977-1994) 

4.1.3. Discussion of the method 

The traditional analytical approach to model-

ling seems to build its reasoning on Descartes' 

precepts - often implicitly. LMS' alternative to 

analytical modelling is systemic modelling. 

The latter is founded on its own precepts and 

which will be reviewed in this section. In order 

to make LMS' argument more intelligible, 

Descartes' four precepts will be briefly re-
called. Descartes first precept is: "/.../ never to 

accept anything as true unless I evidently know 

it to be such, that is to say, carefully avoid pre-

cipitation and prevention and not to understand 

anything more in my judgement, than that 

which presented itself so clearly and so dis-

tinctly to my mind, that I would not have any 

occasion to doubt it." The second precept is: 
"/.../ to divide each of the difficulties that I will 

examine, into as many parcels as they could be 

and as could be required to better solve them." 

The third precept is: "/.../ to lead my thoughts 

in order, starting with objects that are simplest 

and easiest to know, to advance little by little, 

as if by degrees, to knowing of the more com-

pound ones and even assuming order between 

the ones that did not naturally follow each 

other." Finally, the fourth precept is: "/.../ to 

make everywhere such total enumeration and 

such general reviews that I could be ensured of  

omitting nothing." (In: Le Moigne 1977-

1994:30) 

It seems that if these precepts would be applied 

to themselves, a doubt may emerge. On the 

precept of evidence, a question may be posed: 

are there many proclaimed proofs that are 

doubtless? The first precept of LMS is then of 

pertinence: "Agree that all objects that we con-

sider define themselves in relation to implicit 

or explicit intentions of the modeller and to 

never forbid ourselves from doubting this defi-

nition, if in modifying our intentions the per-

ception we have of these objects also changes." 

(Le Moigne 1977-1994:43). For example: "The 

equal sign does not have the same significance 

for the mathematician writing 2 + 2 = 4 and for 

the programmer writing  N  =  N  + 1 but for each 

of them this sign is pertinent in relation to their 

project of the moment." (Le Moigne 1977-

1994:33). Thus a question of importance would 

be: 'What do we intend?' Secondly, concerning 

Descartes' reductionist precept, many thinkers 

since the Aristotelian precept, 'the whole is 
more than the sum of its parts' have expressed 

a similar concern. For example, taking apart a 

car in Great Britain is not sufficient to gain 

understanding why its steering wheel is on the 

right side, because the reason for this lies out-
side this system; hence the examination re-

quires a systemic or conjunctive approach. 

Descartes' hypothesis of a closed system is 
replaced with the one of an open system: "To 

perceive the object already as an inserted, im-

mersed, active part in a greater whole /.../ and 

to make the intelligence of this environment, 

the condition of our knowledge of the object." 

(Le Moigne 1994a:34). Interactionist precept is 

the second of LMS: "Always consider the ob-

ject to be known by our intelligence as an inte-

gral and active part of a greater whole. Perceive 

it first globally, in functional relation with its 

environment without worrying about estab-

lishing a faithful image of its internal structure, 

where existence and uniqueness are never con-

sidered given." (Le Moigne 1977-1994:43). 
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Thirdly, on Descartes' causalist precept, the 
previous discussion about the teleological hy-
pothesis accounts very well for Descartes' in-
adequacy. Moreover LMS states: "We will not 
cease being rational because we will consider 
other hypotheses on the ends, no longer wired 
in the structure but perhaps programmed and 
multiple in some memories even programmable 
and inventable in recourse to some form of 
imagination. For the explanation cause-and-
effect, intelligence substitutes through a fertile 
generalisation, the interpretation (or under-
standing) behaviour-end." (Le Moigne 1977-
1994:39). Hence, the teleological precept of 
LMS states: "/.../ interpret the object through its 
behaviour not through itself, without first 
searching to explain its behaviour through 
some law implied in an eventual structure. Un-
derstand on the other hand its behaviour and 
the recourses it commands in relation to proj-
ects that the modeller freely attributes to the 
object. Consider the identification of these hy-
pothetical projects a rational act of intelligence 
and agree that their demonstration will be 
rarely possible." (Le Moigne 1977-1994:43). In 
this manner, LMS propagates that teleology 
expresses itself through signs (and their ma-
nipulations) to be compared with Descartes' 
notion where causes are expressed through 
laws. Consequently, the question should not be 
of the intrinsic laws of a structure's behaviour, 
rather asking for explicit intentions that the  

behaviour should be referred to (Le Moigne 
1977-1994). Discussing the fourth and final 
precept of Descartes that is about an exhaustive 
search, a question emerges: Is it possible or 
practical to do such an exhaustive enumera-
tion? This for example, when the concern is a 
socio-economic model manifesting thousands 
of relations between variables? Instead, LMS 
asks the modeller to omit a lot deliberately - 
with some risk of failure - and proposes aggre-
gates - more modestly but also openly. This 
selects what is interesting in relation to the 
modeller's goals. LMS' precept of aggregativ-
ity states then: "Agree that all representation is 
partisan, not through the forgetfulness of the 
modeller, but deliberately. In consequence, 
research recipes capable of guiding the selec-
tion of aggregates considered pertinent and 
exclude the illusionary objectivity of an ex-
haustive enumeration of elements to consider." 
(Le Moigne 1977-1994:43). Table 5 summa-
rises the method under discussion. 

Finally, LMS exercises the validity of its 
method in the same pragmatic fashion as de-
fined previously: "The axiom body is neither 
true, nor false. It only matters to us that it is not 
totalitarian. One wanted only to underline the 
fact that it is possible to propose competing 
axioms." (Le Moigne 1977-1994:44). 

The discussion of the method: Descartes' analytical method LMS systemic method 
1" precept of: evidence pertinence 
rd  precept of: reduction interaction 
3'd  precept of: causality teleology 
4 h̀  precept of: exhaustivity aggregation 

Table 5. Shows a juxtaposition of two methods for conduction of good reason. That is, Descartes' 
method that represents the analytical approach of the positivist and realist paradigms, and Le 
Moigne 's method that represents the systemic approach of the constructivist paradigms. 
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4.2. Systemic Modelling and its instruments 

Systemic Modelling  (SM)  is used here as a 
label for a set of cognitive modelling instru-
ments that LMS offers the modeller. While 
SM's domain of inquiry is a complex system, it 
may be juxtaposed with Analytical Modelling 
(AM), whose domain of inquiry is a compli-
cated system (Le Moigne 1990a, 1977-1994). 

The exposition will start with a discussion of 
some •central concepts, namely: complexity, 
modelling and system. This will be followed by 
a presentation of some modelling instruments, 
such as: General System (GS), Systemography 
(SGR), General Process (GP), Information 
Processing System (IPS), Teleological Corn-
plexification of Functional Levels (TCFL), the 
Decision-Information-Operation System model  
(DIOS)  and the Eco-Auto-Re-organisation 
paradigm (EARO). 

4.2.1 Complexity and modelling 

"The notion of complexity implies a possible 
and plausible yet unpredictable emergence of a 
new sense inside a phenomenon, that one con-
siders as complex." (Le Moigne 1990a:3). 
LMS' notion of a complex system implies per 
definition that it is irreducible to a single fin-
ished model. This system may be complicated 
or not, sophisticated or not, composed of many 
components and interactions or not, but it is 
complex. Then complexity is the attributed 
quality that is deliberately considered by a 
subject's mind in its perception or conception 
of something that exercises unpredictable 
emergent behaviour.' "And no tribunal is em-
powered to confer patents of ontological com-
plexity." (Le Moigne 1990a:4). SM's approach 
admits its modesty in being satisfied with 
making phenomena intelligible but it does not 
necessarily explain them. Le Moigne (1990a) 
points out, by examining the etymological roots 
of "complex" which originates in plexus, that 
complex is not opposite to simple but rather to 

implex. This notion of complexity may be con-
sidered in contrast to analytical modelling's 
approach which, due to its epistemological 
foundations, is potent to deal with complicated 
systems (i.e. systems that can be explained), 
not with complex systems. 

The next issue is modelling. It is considered as: 
"An action: of elaboration and intentional con-
struction through symbols of models, of mak-
ing intelligible a phenomenon perceived as 
complex and to amplify the reasoning of an 
actor deliberately intervening inside the phe-
nomenon aiming to predict consequences of his 
project of possible actions." (Le Moigne 
I990a:5). In other words, modelling implies 
intentional representation by symbols, it im-
plies conception and design. The subject knows 
its objects through such a designation of sym-
bols to these objects. Further, these symbolic 
constructions may be reasoned and manipulated 
in order to infer deliberate meaning, which may 
be followed by a conception of new possible 
behaviour. Systemic modelling is necessarily 
projective or teleological modelling (TM), per-
fectly reflecting the two gnostic hypotheses and 
their properties. Further, TM implies that a 
model of a system is necessarily recursive be-
cause it is established in an interaction between 
the modeller and the modelled phenomenon 
conceived as complex. TM implies that a 
model is a conjunction of the symbols or repre-
sentation, of the modeller and its intention and 
of the modelled experience that is under con-
sideration. (Le Moigne 1984d, 1990a, I990c). 
The model cannot be separated from the mod-
eller's action, as is postulated by AM - in its 
attempt to reach neutrality. This implies the 
shift from AM's objectivity to SM's projectiv-
ity. The constructed model is always charac-
terised by a modeller's capacity to clarify mod-
elling finality or finalities, in other words of 
self-finalisation. Consequently, the prime 
question for  SM  is: What is the problem? rather 
than: How to solve the problem? — as is the 
case with AM.  SM  re-focuses the attention 
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from AM's frequent mono-criterion approach 
to multi-criteria management» SM's projec-
tivity exposes AM's dilemma, that is the un-
conditional obedience of natural laws, i.e. 
cause-and-effect relation, which reduces final-
ity or intention to determinism. Determinism 
makes AM impotent when, for example, the 
laws are not known or the problems do not state 
themselves clearly - both situations are corn- 

mon  in the domain of complex systems. While 
AM simplifies, reduces and analyses its phe-
nomenon of concern,  SM  deliberately con-
ceives and complexifies its consideration. Sim-
plification of a complex phenomenon destroys 
its intelligibility. (Le Moigne 1990a & 1977-
1994) Table 6 presents a mnemonic palette of 
some concepts associated with AM and  SM,  
respectively. 

MODELLING MODE: ANALYTIC MODELLING SYSTEMIC MODELLING 
Domain of concern: Complicated Systems Complex Systems 
Characteristics of the studied 
phenomenon: 

Object (State) Project (Process) 

Element (Substantive) Active entity (Verb) 
Control Intelligence (Knowledge) 

Notion of system: S = (Things, Relations), (a Set) General System, (to be, to do, to 
become) 

Notion of organisation: Structure of passive states Conflictful conjunction of three 
recursive actions. 
The actions are: to produce and 
self-produce, to relate and self 
relate, to maintain and self-
maintain 

Mode of study: Analysis Design (Conception) 
Simplification Complexification 
Causal explanation, (cause- 
effect study; determinative natu- 
ral  laws) 

Teleological comprehension, 
(means-end study; finalisation of  
phenomenon) 

Notion of model: 
. 

Disjuncted simplification of 
reality 

Conception or perception of 
phenomenon; a conjunction of a 
representation (model), the 
modeller and the modelled 

Primary questions of study: What are the determinants? 
What is it made of? 

What is the goal? What does it 
do? 

Efficacy (How-to-do?) Effectivity (What-to-do?) 
Validation: Evidence (objective truth) Pertinence (projective/cognitive 

feasibility) 

Table 6. Shows a juxtaposition of some general modelling concepts. The two modelling palettes be-
longs to analytical modelling of positivist and realist paradigms, and to systemic modelling of con-
structivist paradigm, respectively. The reader may observe the relation between the concepts of sys-
temic modelling and the three states of cognition. This is clearly manifested in the notion of General 
System, that will be discussed bellow. Hence, to be or autonomous, to do or synchronic and to be-
come or diachronic. 
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4.2.2 The genesis of modelling paradigms 
and the General System 

At the heart of LMS is the theory of General 
System. The history of science has generated 
five main canonical models for guiding the 
modelling process. The follo.wing discussion 
will briefly review this evolution, ending with 
the canonic model of a General System, which 
is the kernel of General Systems Theory. (Le 
Moigne 1976a, 1976b, 1977c, 1977-1994, 
I990a, 1995b) 

The first modelling paradigm is rational me-
chanics. It was finally established at the end of 
19th  century and perfectly reflected the Carte-
sian imposition. All objects were supposed to 
be explained by focusing on the structure that 
in turn was believed to determine the function. 
This notion was founded on the assumption of 
full reversibility, where cause-and-effect was 
supposed to be explained by mechanics. Lord 
Kelvin may very well be considered one of its 
main ambassadors. 

The second paradigm is statistical mechanics or 
thermodynamics, due to L. Boltzmann. It es-
tablished itself as a reaction to rational me-
chanics. It postulated the inadequacy of 
'studying the moon with a microscope'. Statis-
tical mechanics re-focused the attention from 
structure-function to structure-evolution, or 
from kinematics to kinetics. Evolution or dy-
namics took into account the irreversible trans-
formations of internal structure over time, yet 
of a closed system. 

The tension of the two modelling paradigms 
was elegantly dealt with by W. Weaver's 
(1948) problems of: simplicity (rational me-
chanics), disorganised complexity (statistical 
mechanics) and unmanageable organised com-
plexity:4  This tension allowed the modeller to 
leave the Cartesian shadow. In search for .a 
unified avenue two new modelling paradigms 
emerged: the structuralist' paradigm that is  

more European and the cybernetic paradigm 
that is more North American. 

Hence, the third modelling paradigm is the 
structuralist approach.  J.  Piaget (1968) may be 
seen as one of its main ambassadors. He con-
sidered it to be a method that describes an ob-
ject in its totality, that is to say, one that is at 
the same time both functioning and evolving; 
hence simultaneously synchronic and dia-
chronic or structured and structuring. This 
mortal blow to reductionism of the two previ-
ous modelling approaches recognised that the 
character of totality belonging to structures 
comes of itself. A structure is formed due to the 
elements but these are, at the same time, subor-
dinate to the structure. For example, a human 
being (here an element) is affected by the cul-
ture of a society (here a structure) that she/he is 
part of; the structure is however affected 
(constructed, maintained...) by the individual, 
at the same time. This approach clearly ex-
posed the limitations of causalism employed in 
mechanics. It limited itself however by presup-
posing an automatic structure, then it led itself 
to a dead end by modelling closed systems, as 
discussed above in the two previous mechani-
cal approaches of modelling. 

The fourth modelling paradigm is the second 
attempt to overcome the problem of mechanical 
modelling. Cybernetic modelling offers an 
inverted modelling approach of the structuralist 
notion. Instead of centring the modeller's at-
tention on mechanism.'s or organism's struc-
tures, it proposed closing them in a black box, 
favouring interpretation of the behaviour, that 
is, a conjunction of function and evolution. The 
behaviour of a black box is to be interpreted in 
reference to its goal(s) and environment. The 
classic cybernetic approach of Wiener et al. 
(1943) and McCulloch et al. (1943) became 
very powerful after the introduction of the con-
cept of informational feedback. Cybernetics did 
not attempt to explain the mechanisms in a 
system.. It rather attempted to understand or 
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interpret a system's behaviour in permanent 
reference to its projects. This is described in 
relation to the environment inside which it be-
haves. For example, in cybernetics terms a 
polar bear is: something (a black box) that tries 
(behaviour) to survive (goal) in the Arctic area 
(environment). Modes of cybernetic modelling, 
however, often stumbled on the difficulty of 
accounting for the duality inside the same 
model. This property was what the structural-
ists attempted to emphasise, that is, the simul-
taneous taking account of functioning and 
evolving. The cybernetic characterisation of a 
polar bear may indeed very well apply to an 
Eskimo also. 

The integration of these two paradigms, the 
structuralist and the cybernetic, established the 
systemic paradigm in the middle of 1970's (Le 
Moigne 1977-1994). Hence, LMS' definition of  

the canonical model as a general system (GS) 
is: something (a structure) that is functioning 
and transforming toward a goal in an environ-
ment. Derived from the ,GS, the experience 
shows that a perceived phenomenon may be 
defined due to three poles or perspectives. 
First, the morphological, anatomical or analyti-
cal, is the static representation of substance and 
its composition. Secondly, the functional, 
physiological, praxiological, sometimes ex-
perimental, is the action of a system in its envi-
ronment. Thirdly, the morphogenetical, ge-
netic/teleological, transformational, dynamic, 
evolutionary or historical, accounts for a phe-
nomenon's transformations in time toward 
some goals. Hence a phenomenon may also be 
defined as: to be, to do and to become. (Le 
Moigne 1990a, 1977-1994). Table 7 shows a 
juxtaposition of the discussed modelling para-
digms.16  

Modelling 
Paradigm 

Essential qualities 

Rational 
Mechanics: 

function --- structure closed Determinative 

Statistical 
Mechanics: 

--- transformation structure closed Determinative 

Structuralism: function transformation structure closed Determinative 
Cybernetics: behaviour --- open Teleological  
Systemics:  function 	transformation structure open Teleological 

Table 7. Shows a juxtaposition of the five fundamental modelling paradigms and its essential quali-
ties. These are the result of scientific inquiry of the Occidental civilisation. Systemic modelling, which 
is Le Moigne 's position, represents the richest model. 

4.2.3. Systemography,  Gentype  and Pheno-
type 

LMS stresses that General System Theory is a 
theory of modelling rather than a general the-
ory of models (Le Moigne 1977-1994); this is 
in accordance to the constructivist foundation. 
LMS' tool for modelling then, is called Syste-
mography (SGR). It may be recognised in 
analogy to photography or biography.  

"Systemography is a procedure with which one 
constructs models of phenomena perceived as 
complex, representing it deliberately as and 
through a general system." (Le Moigne 1977-
1994:28). The mode of usage of this cognitive 
instrument is the following: an observer, e.g. 
the representation system, constructs at the 
same time an isomorphy' of the GS and a ho-
momorphy's  of the phenomenon to be repre-
sented. Verification of the isomorphical  rela- 
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tion will not be problematic because of the GS 
definition given above. The homomorphical 
models, on the other hand, will not produce any 
perfect relational model as conceived in posi-
tivism. Similar to photography, it is possible to 
make many systemographies of a phenomenon. 
The result of systemography may only be vali-
dated due to their projective feasibility. Further, 
the role of a modeller should be explicated, 
especially her/his project. When modelling of 
the perceived or conceived entity is exercised 
then the modeller should systemograph itself or 
become systemographed at the same time, this 
in order to make the systemographed entity 
more intelligible. Finally, in accordance with 
the triangular definition of GS: functional, or-
ganic and historic, systemography may be used 
in three modes: conception or design, analysis 
and simulation. (Le Moigne 1977-1994, 
1990a).' 

LMS makes use of J.P. Dupuy's (1986) con-
ception of genotype and phenotype.' These 
manifest the usage of systemography. The 
genotype or the canonic model of GS that is an 
artificial construction of human mind, together 
with the modeller establishes one or many po-
tential phenotypes of the phenomenon per-
ceived or conceived as complex. The genotype 
is both a matrix and a rule: "Matrix is a model 
in general or paradigm /.../: a model of an or-
ganisation or of complex teleological actions; a 
rule (or  syntagm),  a procedure of construction, 
by homomorphism of models which are phe-
notypes of the phenomenon considered by the 
model builder." (Le Moigne 1993:13) 

4.2.4. The General Process 

"The representation of a phenomenon, per-
ceived as complex by a system, rests on an 
explicit hypothesis of irreversible rationality, 
teleological and recursive." (Le Moigne 1990a) 
As earlier discussed  SM  models active systems 
where the inquiry focuses on the action of a 
system, both synchronic and diachronic, rather  

than on its state. Such an action is represented 
by a symbolic processor. This notion may be 
expressed well through the canonic model of a 
general process (GP), processed by one or 
many processors. -A process is defined by its 
exercise and its result /.../. A process exists 
when there is a change in position of space-
form reference in time, of a collection of some 
products, identifiable by their morphology - 
their form."' (Le Moigne 1990a:46). Hence, 
the genotype of a process represents a conjunc-
tion of temporal transfer or in other words a 
function of time, space and form. Further, all 
systems may be represented as multiple actions 
or entanglement of processes - this is in accor-
dance with the general system that is conceived 
as a composition of multiple processors. 

4.2.5. Information Processing System 

In order to make the reason for LMS' use of 
Information Processing System paradigm more 
intelligible, a brief return to the notion of a 
complex system is necessary. 

A complex system must by definition be a sys-
tem that manifests a certain degree of auton-
omy. This is because if a system's behaviour 
was to be completely dependent on exogenous 
interventions, over which it would not have any 
influence, it would then not be a complex sys-
tem. On the contrary, it would be a completely 
predictable system, a programmable automa-
ton, whose programme would completely de-
fine its predictable behaviour. In contrast, com-
plexity appears and develops completely with 
the emergence of the capacity of autonomy 
inside a system. Hence, behaviours are elabo-
rated by the system itself in an endogenous 
manner. A complex autonomous system is nec-
essarily open to its environment. This both 
incites and constrains it, hence the system and 
its environment are trans-acting. The system is 
then both autonomous and open, therefore par-
tially dependent - a paradox for the positivist 
notion. This is possible when a system has its 
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own projects for the guidance of its behaviour, 
which in turn requires intelligence. Intelligence 
of a complex system is then defined as: a sys-
tem's "L./ capacity to elaborate and conceive 
its own behaviours in an endogenous or internal 
fashion." (Le Moigne 1990a:81). The behav-
iours of a complex system are adaptive, which 
implies intentional responses to what the sys-
tem perceives as solicitations of the environ-
ment. Consequently, this invention capacity of 
self-finalised action takes into account the 
complexity of a system, because it makes intel-
ligible - not necessarily explicable - the emer-
gence or appearance of an adaptive, non-pre-
programmed behaviour. This description may 
be summarised in the following hypothesis: a 
complex system is an autonomous system, 
which is an intelligent system and therefore an 
adaptive system. (Le Moigne I990a)  

SM  uses the Information Processing System 
(IPS), conceived by Newell and Simon (1972), 
as a modelling procedure of complex systems. 
Such a modelling approach is required to give 
account of a complex system's capacity to 
elaborate its own projects and actions, at the 
same time. This capacity aims to adapt the 
system's behaviour to its goals, therefore the 
system's organisation of its goals. Hence,  SM  
makes use of IPS' potential to represent the 
behaviour of such an organisation by symbolic 
manipulation. The canonic model of the IPS 
represents a conjunction of three fundamental 
functions: a communication system, a compu-
tation system and a memorisation system.' 
(Newell & Simon 1972, Le Moigne 1990a) 
"This canonic form of IPS constitutes a theory, 
or a plausible general model, of organisation of 
a complex system, capable of self-organisation 
/.../", therefore: "The method of representation 
of a complex system through the system of 
processing of information symbols, which is 
presumed to account intelligibly for its behav-
iours, proves easy to implement in a number of 
exercises of practical modelling." (Le Moigne 
1990a:82-83). 

4.2.6. Teleological Corn plexification of Func-
tional Levels 

"Nothing is less simple than the interrelation 
between two processors!" (Le Moigne 
1990a:52). According to LMS, an active entity 
becomes a system when two or more proces-
sors, which constitute the system, may be dis-
tinguished by its observer. Further Le Moigne 
(1990a) shows that a system consisting of two 
processors is capable of establishing as much 
as sixteen endogenous interrelations, including 
the feedback relations. This implies potentially 
sixteen different behaviours of the system.' 
The inter-relation of  N  processors or network 
of processors will rapidly complexify the mod-
eller's perception. Such complexification 
makes often new behaviour emerge, which is 
rarely predictable through linear computing, 
hence counter-intuitive. This challenge of the 
observer's cognitive limitations asks for help.  
SM  employs an instrument that has the inten-
tion to make such situations intelligible, yet not 
necessarily to explain them. It builds on Si-
mon's (1969) hypothesis of a projective func-
tional complexification. This cognitive instru-
ment is labelled here: Teleological Complexifi-
cation of Functional Levels (TCFL). TCFL in 
turn builds on two basic hypotheses: the teleo-
logical hypothesis and the hypothesis of sub-
systems. Operationally, it implies that when a 
high number of processors comprise a system 
of interest, which is a common situation in 
complex systems, human cognitive limitation is 
then challenged easily. Experience has shown 
however, that such a variety also leads to cer-
tain regularities. It is therefore often possible to 
observe enough dense subsystems, regularities 
or patterns. This quality of a complex system 
makes it quasi-articulable. This implies that it 
is possible to articulate a system's subsystems 
and their interrelations in reference to goal(s). 
This shows that while the amount and com-
plexity of endogenous interrelations in a sub-
system is great, the reverse may be said of its 
exogenous interrelations, which are therefore 
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intelligible. (Le Moigne 1990a). When refer-

ring to the projects, it is then possible to delib-

erately arrange the functional levels into a  sys-

tern  of processors and therefore of symbols:14  

"I...! as a composer deliberately seeks to com-

pose a musical system with the aid of symbolic 

representation. In other words, modelling com-

plex systems will be organised in a series of 

iterations between projects and symbolic repre-

sentations which a modeller constructs of 

them!"25  (Le Moigne 1990a:54). 

4.2.7. Decision-Information-Operation Sys-

tem model 

Following the argument of TCFL, LMS has 

presented a general and a priori identification 

of pertinent levels of complexification, in order 

to organise a model of a complex system. This 

notion is an instrument to be used by a mod-

eller when approaching a complex system with 

the need of articulation of its subsystems and 

their interrelations, in order to make the com-
plex phenomenon intelligible. However, LMS 

emphasises that such identification is much 

more difficult than, for example, the establish-

ment of the General System genotype. The 

functional model is called: Decision-

Information-Operation-System  (DIOS).  The 

identification of this model has not only been 

due to the TFCL-tool but also to the work of  K.  

Boulding's (1956) nine level system,' the GS 

genotype, Simon's model of decision making 

and PCE's basic hypotheses (Le Moigne 1990). 

The elaboration process of  DIOS  is presented 

in Le Moigne (1977-1994, 1990a). Here how-

ever, only the results will be briefly sketched. 

LMS presents two modes of  DIOS.  The first 

and more general one is due to a six level ar-

ticulation, resulting in three subsystems. While 

the second mode is more elaborated, due to a 

nine level articulation, it results in five subsys-

tems. 

The first mode is comprised of: the Decision 

System  (DS),  the Information-Memorisation  

System (IS) and the Operation System (OS). In 

this case, the  DS  makes decisions for the whole 

system, the IS memorises information and acts 

as a coupling or communication between the  

DS  and the OS, while the OS does the work in 

the system. This may be compered with the 

traditional cybernetic system, the Decision-

Operation-System (DOS) model, which is 

comprised of two subsystems, the  DS  and the 

OS. Indeed, one of the main arguments of LMS 

is that of the better adequacy of the systemic 

model compared to the cybernetic one. The 

systemic model, the  DIOS,  is supposed to per-

fectly reflect the phenomenological hypothesis: 

'we know only the representations of the inter-

actions...'. At the same time, accordingly to 

LMS, the cybernetic model (the DOS) reduces 

complex systems to automata, which manifest a 

complicated yet predictable behaviour. This is 

due to the cybernetic command-control relation 

that imposes the will of the  DS  on the OS. The 

OS acts in perfect accordance with the com-

mands, not manifesting any divergence. In the 

systemic 'conception such a relation between  

DS  and OS is of a complex nature, hence ex-
pressed in the memorisation system. Further, 

the cybernetic system lacks memory, this re-

duces complexity to a simple thermostat, while 

the memory of the  DIOS  expresses the potenti-

ality of a system and accounts for the temporal 

quality, hence its diachronicity. This is consid-

ered to be necessary for a complex system in 

order to be able to handle or manage the envi-
ronment's unpredictable variation and com-

plexity (Le Moigne 1990a). 

The second mode, a little more elaborate, ex-

presses all nine levels of Boulding:s proposi-

tion. Starting from the first mode of  DIOS.  its  

DS  is recursively comprised of three subsys-

tems. These are in accordance with Simon's 

model of decision making!' The  DS  consists of 

the Co-ordination System (CS), which co-

ordinates the numerous actions exercised in the 

operating system. Next is the Imagination Sys-

tem  (IMS)  that designs new forms of actions. 
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PARADIGM: CYBERNETIC SYSTEMIC 
I" mode: Decision, Operation: System 

(DOS) 
Decision, Information, Opera-
tion: System  (DIOS)  

2" mode: Policy, Intelligence, Control, 
Co-ordination, Operation 
(according to Viable System 
Model) 

Finalisätion, Imagination, 
Co-ordination, Memorisation, 
Operation 

Table 8. Shows a juxtaposition of the cybernetic and systemic approaches to an a priori model of a 
complex system. In the cybernetic notion, mode one represents a direct relation between the observed 
and the observing system, while in the systemic notion such a relation is complex. hence represented 
by an intermediate memorisation system. The latter manifest the phenomenological hypothesis as 
presented before in the what is knowledge discussion (we know only representations of interactions 
between the mind and the phenomenon). Mode two presents the two paradigm's articulation of the 
observing system. In the cybernetic position, it is due to S. Beer's Viable System Model, as generated 
by biological studies of the neural system. While in the systemic position. the articulation is due to 
HA. Simon 's psychological studies of human decision making process. 

Finally, the Self-finalisation System (FS) mani-
fests the teleological quality of a complex sys-
tem. It establishes the gap between the per-
ceived and projected situation. Hence, the sec-
ond mode of  DIOS  comprises the operation  
systern,  the information-memorisation  systern,  
the co-ordination  systern,  the imagination  sys-
tern  and the self-finalisation System (Le 
Moigne 1990b). 

Although Le Moigne never states so,  DIOS'  
second mode may be very well juxtaposed with 
Stafford Beer's (1979, 1981) Viable System 
Model (VSM). VSM is founded on the tradi-
tional cybernetic model, the DOS, together 
with neurobiological studies of human beings. 
In its elaborated form VSM comprises five 
subsystems, as the  DIOS  does. These are the 
operating system, the-co-ordination system, the 
control system, the intelligence system and the 
policy system. For an overview of this discus-
sion see table 8. 

4.2.8. The paradigm of organisation 

The implication of the previous discussions is, 
that in order to conceive or perceive a complex  

system, it is necessary to postulate some strong 
basic hypothesis. This is recognised by PCE. 
For example, in designing or identifying a 
complex system, it is necessary to explain proj-
ects through which it is known. The expression 
of a complex system embodies: the modelled 
experience, the modeller that is experiencing 
and the model that represents these two. This 
inseparability implies an action of organisation 
of representations, which results in an organi-
sation. SM's notions of organisation is a con-
junction of the action and the, result, which 
passes through a central concept of active or-
ganisation. In the quest for active organisation. 
LMS has inherited and modified Morin's 
(1977) concept of  organis-action. Hence,  or-
ganis-action is: "/.../ a property of a complex 
system, allowing at the same time to account 
for behaviour of each projective level, which 
we attribute to the system, and of the expres-
sion between these levels, without separating 
them." (Le Moigne I 990a:74). Le Moigne 
modified Morin's formula of the active organi-
sation by adding to it the recursive property (Le 
Moigne 1985a). Hence, the postulated para-
digm of organisation is: Eco-Auto-Re-
Organisation (EARO). It manifests the  ob- 
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server's cognitive action when perceiving and 	basic hypotheses of PCE. Figure 2 illustrates 
conceiving phenomena, as expressed in the 

	
EARO paradigm briefly. 

ECO - AUTO - RE - 	ORGANISATION 

• Re-organisation: 
expresses teleological 
transformation (diachronich)  

• Auto-organisation:  
expresses autonomy (recursive  

b,.  Eco-organisation: 
expresses functioning 
in an environment (synchronic) 

Figure 2. Shows the fundament of systemic conception of the Eco-Auto-Re-Organisation paradigm. 
This is the foundation for the notion of an active organisation (or  organis-action). The reader may 
note the relation between this model and the three properties of cognition, that is to say: eco- is syn-
chronic, auto- is autonomous, and re- is diachronic. Hence, the concept of an active organisation 
manifest the capability of a cognitive system, that is, of an observing system that organises its per-
ceptions and conceptions which results is an active organisation. 

Founded in EARO-paradigm, LMS proposes a 
canonic model of an active organisation, i.e.  
organis-action (see Figure 3). This aims and 
permits to support the representation of a com-
plex of actions, which needs to be taken into 
account when modelling complex systems (Le 
Moigne 1990a). The active organisation geno-
type describes the property of a general system, 
that is capable at the same time of the conflict-
ful  (Le Moigne 1986b) conjunction of three 
recursive functions. These functions include: 
maintaining and self-maintaining  (time-action),  
linking and self-linking (space action), and 
producing and self-producing (form-action).' 
The active organisation is thus a conjunction of 
itself and its environment. This means that it is, 
at the same time, inseparable and dependent on 
its environment. It is capable of differentiating 
from its environment due to the autonomy of a 
modeller's perception. Such a conjunction 
could not be possible without a foundation in 
conjunctive logic. The conjunction of the actor  

and his action has been expressed by Morin as 
follows: "To conceive the principle of com-
plexity, it is not sufficient to associate the an-
tagonistic ideas in a concurrent and comple-
mentary way. The very character of the asso-
ciation also has to be considered: Organisation 
that transforms each of the terms in the process 
of looping." (Morin 1977:381) 

LMS' concept of an active organisation may be 
contrasted with AM's concept of organisation. 
The latter notion implies a passive and invari-
able structure of states, perfectly founded in the 
disjunctive logic. On the other hand, an active 
organisation's conjunction of actions expresses 
the duality of action and result, as founded in 
conjunctive logic. Active organisation is or-
ganised and organising in irreversible gestalts, 
stable enough to be distinguished by the 
knower that perceives or conceives it. (Le 
Moigne 1990a) See table 6 for a juxtaposition 
of the two notions of organisation. 
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Link & 	-.Maintain &— 
Self- 	 AND 	Self- 

Produce & 
	Self- 

Figure 3. Shows the canonic model of an active organisation as founded in the Eco-Auto-Re-
Organisation paradigm. This model is conceived as a conflictful conjunction of three recursive func-
tions: link and self-link (space or communication function), maintain and self-maintain (time or mem-
ory function), produce and self-produce (form or computation function). 

4.3. The Inforgetic paradigm 

Due to the energetic model, the classical con-
ception of organisation implies an arrangement 
of a network of stable organs, which optimise a 
global process of conversion of materials into 
energies (Le Moigne 1990a). The domination 
of positivism in science made physicalism and 
energetics the measure of all scientific knowl-
edge. The postulate was that a good scientific 
discipline ought to have the reference model of 
mathematical physics. The energetic paradigm 
studies all processes of change of matter into 
energy and energy into matter, a process which 
is first identified then quantified. The inade-
quacy of the postulated extension of this notion 
to the science of mind and the social sciences 
became untenable, for example, when consid-
ering measuring a quantity of information with 
the help of a unit, a bit, which does not equate 
to any dimension (Le Moigne 1991a, 1997). 
(The argument of information will be devel-
oped more in the section that discusses infor-
mation and self-organisation below). Hence, 
LMS associates itself with Bateson's critique of 
borrowing insufficiently ensured concepts as  

well as borrowing the supporting epistemologi-
cal references, when the field of study is 
changed. "To consider social organizations as 
energetic phenomena and to interpret them in 
terms of energetic theory is pure nonsense." 
(Bateson 1972:198). Social organisations, like 
businesses and families, ought not to be con-
sidered first of all as processes of interaction 
between matter and energy, as the energetic 
paradigm suggested. Rather they should be 
considered as processes of conceptual interac-
tion between information and organisation me-
diated by the decision of an intelligence. (Le 
Moigne I990a) 

LMS proposes an alternative paradigm to ener-
getics, namely the inforgetic paradigm. The 
latter perfectly reflects the constructivist foun-
dations. Inforgetics redefines the theoretical 
framework and accommodates models of com-
plex systems, in a way that do not reduce, or 
destroy the intelligibility of these. The neolo-
gism of inforgetics may be considered parallel 
to energetics. Inforgetics focuses on the rela-
tion between information and organisation, 
rather thän on matter and energy. 
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The following will present the canonic model 
of information and its symbol, the first and 
second principle of inforgetics. These are the 

manifestation of the inforgetic theory.29  

4.3.1. Information and its symbol 

LMS associates itself with Bateson's (1972) 
definition of information: 'a difference which 
creates a difference'. In the shadow of PCE, 
this may be re-written: "/.../ a representation 
which transforms a representation /.../" (Le 
Moigne 1990a:106). The operationalisation of 
this notion leads to the consideration of two 
basic concepts, necessary for all modelling. 
These are: information and its symbol; the lat-
ter is a physical support of the previous. The 
key issue concerns the relations between these 
two concepts, or as Le Moigne (1990a:101) 
puts it: "The development of complex systems 
modelling has long been comprised by the dif-
ficulty of establishing a stable, non-reducing 
definition of joint concepts of information and 
symbols." Analytical modelling understands 
information in terms of data, passive objects, 
pre-given to the modeller, well shadowed by 
the positivist tradition. "Each element of in-
formation had one and only one attached sig-
nificance, presumed established without ambi-
guity, one expressing passive states, other dis-
joints expressing operations." (Le Moigne 
1990a:101). 

Due to the developments in semiology  (C.  
Morris), communication theory  (C.  Shannon & 
W. Weaver), theory of organisation  (H.  
Quaster,  H.  von  Foerster,  H.  Atlan,  E.  Morin), 
anthropology  (G.  Bateson), cognition  (J.  Piaget,  
H.  Simon), the inforgetic paradigm disposes of 
a canonic model of information and its symbol. 
This model accounts for the complexity of their 
relation and human perceptions, which AM's 
notion destroyed. (Le Moigne 1990a)  

Information is considered as a composition of 
forms (gestalt), or stable configuration of sym-
bols, which carry significance for its receiver 
with the intention to act and which have been 
signified by deliberative formation. This may 
be expressed by the conjunction of a sign 
(physical), capable of being at the same time, 
signified 	(designation) 	and 	signifying 
(production of signified sense through sym-
bols); hence the inseparable conjunction: S3. 
The symbol is at the same time physical sup-
port that is a recursive operator, assuring the 
function of designation and production of sym-
bols. The conceptualisation of a reflexive op-
erator allows the equivalence of value between 
operator and the operand (a symbol may be 
signified as an operator and as an operand at 
the same time). This in turn allows expression 
of complex phenomena perceived as recursive 
without reduction and destruction - something 
that analytical modelling could not offer be-
cause of its supporting logic of excluded thirds. 

4.3.2. The first principle of Inforgetics: the 
Principle of Self-organising 

This principle presents a generative mechanism 
of how an organisation organises itself - hence 
a theory of self-organisation (Le Moigne 
1990a, 1992). LMS starts this exploration by 
emphasising the importance and by an exami-
nation of  C.  Shannon's (Shannon C.E. & 
Weaver W. 1949) 'Mathematical theory of 
communication'. Shannon emphasised that the 
theory focused exclusively on the signal or 
symbol, ignoring the semantic and pragmatic 
quality of information. W. Weaver in his intro-
duction to that text, noted that information 
processing should not be reduced entirely to 
technical signal processing. As Le Moigne 
(1990a) notes, a contradiction occurred when 
an insignificant sign or symbol is postulated 
while the significance of a sign's probability 
was under consideration. Identification of in-
formation separated from its context is not pos-
sible. It is only identifiable in the context of its 
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communication between the system of emis-

sion and the system of reception; both are in-

separable from the communication system. (Le 

Moigne 1 990a) When the epistemological 

spectacles are changed, the pertinence of this 

model for mind and social sciences emerges, 

however. Because it contributes to the intelligi-

bility of a complex organisation, by being: 

"/.../ a starting point for formulation and useful 

interpretation of all different models of organ-

ising and autonomising information." (Le 

Moigne 1990a:110) The key aspect of Shan-

non's model for the theory of self-organisation 

is that the channel contains noise. This implies 

a transformation of the coded and transmitted 

signal; hence the medium affects the message. 

This model manifests the interdependency be-

tween the coding and the noise. (Le Moigne 

1990a). 

Next, LMS takes account of  H.  Quaster's 

(1964) model ,of transmission transformation. 

Quaster's consideration of Shannon's model 

resulted in a formal model making the trans-

formation process of the transmitted signal 
intelligible. Briefly, this model postulates that 

not all information emitted by the emitter is 

received by the receiver, while the receiver 

receives some information that was never 

emitted by the emitter. Consequently, the chan-

nel as such, transforms the transmitted message 

due to the channel noise. Le Moigne (1990a) 

concludes: "Even if the conditions of interpre-

tation of Quaster's model require great caution 

in their interpretation, can one not say that it 

accounts for the most common experience in 

communication between two systems, when 

one considers information in its complexity: 

everyone knows that the other does not hear all 

that was said to him and that he hears things 

that were not said to him. Because everyone 

knows it, why then ignore it! Quaster's model 

gives formal intelligibility to this hypothesis 

/.../." (Le Moigne 1990a:112) 

The important quality of Quaster's model, 

which interpreted Shannon's, makes LMS ask 

the following question: "How can one account 

for this process of loss and gain of information 

in transmission, in the frequent case, when the 

emitting and transmitting system are one and 

the same? /.../ or when the control system is 

also the controlled system." (Le Moigne 

1990a:1-12). LMS notes that  J.  von Neumann 

and R.W. Ashby started to tackle this issue in 

the fifties. In the case Of multiple finished state 

automation systems, von Neumann (1966) un-

derlined however that these applied to compli-

cated systems only, not to complex systems. 

Ashby's (1956) principle of requisite variety on 

the other hand, considered as a principle of 

self-organisation of systems, is only applicable 

when the number of possible states of the self-

organising system is known beforehand. Hence 

according to Le Moigne (1990a) this is not 

useful for complex systems. 

The question above becomes intelligible due to 

the works of  H.  von  Foerster  (1959),  H.  Atlan 

(1972 & 1979) and F.  Varela  (1979). On the 

apparent paradox of self-organising systems, 

von  Foerster  proposed an original formalisa-

tion: the system, while open to noise, as was 

discussed above, possesses the capacity of ad-

aptation possible by the single apparent feature 

of functioning. This notion is expressed in the 

model: 'Order from noise', and takes into ac-

count the findings of  C.  Shannon and  H.  
Quaster. Following this line of inquiry, Atlan 

re-discussed von Foerster's notion, proposing a 

careful new formalisation and a label that rec-

ognised this phenomenon more adequately; 

hence the model: 'Complexity from noise'. On 

the other hand, Varela's (1979) discussion of 

the self-referential character of a self-

informational process of a system, proposed 

that the self-in-formation may be conceptual-

ised as an endogenous process of self-

formation. This was in order to support the 

hypothesis of internal action: organising infor-

mation that is processed in and by the system. 
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Hence, these models make the simultaneous 
process of information destruction and produc- 
tion intelligible. This phenomenon may be per-
ceived as a process of self-transmitting, coding 
and de-coding of messages. In such an inter-
pretation, the complex process of emergence of 
new forms out of noise - not pre-programmed - 
in the channel between the receiver and the 
emitter becomes intelligible. Inforgetics ac-
counts for the complex conception of informa-
tion and organisation that make complex sys-
tem's behaviour intelligible in a way that was 
not possible previously - in the notion of ener-
getics and analytical modelling. Or as Le 
Moigne (1990a:113) puts it: "I...! joining the 
sign (a new form) and the significance, led to 
recognition of a joint emergence of 'new' sig-
nificance, in other word, to make plausible the 
occurrence of 'new' possible behaviour of the 
considered organisation. In processing infor-
mation, it self-organises." 

The organisation of information - that repre-
sents a complex phenomenon»  that a knower 
perceives or conceives - may be represented 
and exercised as such by the Information Proc-
essing System.' (This because lPS proposes a 
model that organises information.) This organi-
sation of information is expressed by the con-
junction of the three functions: I: symbolic 
designation, which founds symbols in projec-
tive action, 2: symbolic computation, which 
configures symbols and transforms them, 3: 
memorisation, which registers symbolic con-
figurations for accessibility. These three func-
tions permit the expression of the recursive 
character of the action of organisation, which 
self-organises by in-formation. This implies an 
intelligible procedure that considers informa-
tion as an organisation - organising and organ-
ised, therefore at the same time an operator and 
an operand. For the knower, to organise is both 
an action of in-forming (computation) and the  

result of this action (memorisation), it leads to 
designated organisation by information. The 
second and the third function are easily visible 
in the complex conjunction between the inter-
action of information and organisation, while 
the designation of information is hidden under 
the surface. It will however become visible in 
the decision processes, which mediate this in-
teraction. These decision processes are recog-
nised in the second principle of inforgetics. (Le 
Moigne 1990a) 

The operational implications of this theorising, 
which resulted in the model of complexifica-
tion due to noise, suggest at least two necessary 
conditions for the development of the en-
dogenic process of self-organisation, and a 
better potential for an autonomous system to 
adapt. These two conditions are: a) that the 
system should be open to its environment, and  
b)  that the system should permit some internal 
redundancy, hence all recourses may not be 
permanently occupied.' These qualities are of 
critical value for a system, because: "When 
noise comes, the system can attempt to reduce 
and decode it, then as the case may be, elabo-
rate new behaviours, by assimilation. It self-
organises in producing forms of original or-
ganisation, which it did not 'import' but which 
it self-produced (a process of auto-poiesis)." 
(Le Moigne 1990a:116) 

The first principle of inforgetics, the principle 
of self-organisation or equilibration, manifest-
ing the processes where: information in-forms 
organised organisation, which by organising, 
organises the formation of information, hence 
in-formed, which.... (see Figure 4). This is in 
contrast to the first principle of energetics that 
considers the mutual conservation between 
matter and energy, which is also called the 
principle of entropy. 
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Figure 4. Shows the principles of Inforgetic theory. Information informs (I) organised organisation, 
which (2) organising organises the formation of in-formation (3) thus informed, which (4)... This loop 
manifests relation between the two principles of Inforgetic theory (i.e. the principle of self-
organisation and the principle of intelligent action) that is to say, the mental relation between infor-
mation and organisation mediated by decision. The figure also shows the relation between the loop 
and the functions of the Information Processing System. 

4.3.3. The second principle of Inforgetics: 
the Principle of Intelligent Action 

In order to explain the second principle of in-
forgetics, that is, the Principle of Intelligent 
Action (PIA), a brief discussion of its parallel-
ing principle will first be presented. The latter 
is the second principle of energetics, that is the 
Principle of Least Action (PLA), (also called 
the principle of natural economy or maximum-
from-minimum). 

The second principle (of both energetics and 
inforgetics) concerns decision-making, in the 
present context. In the notion of energetics (and 
therefore analytical modelling), when decisions 
are to be taken there is an aspiration for opti-
mum_ behaviour, presumed unique, for a given 
situation. Such an optimal decision is consid-
ered to be guided by either a unique criterion or 
by so-called natural laws. LMS' critique of that 
notion notes that there is no real choice then. 
because the decision is pre-determined. In the 
first case, predetermination is due to a unique 
criterion of behaviour, which mostly refers to 
the PLA. It is given by physicists as a natural 
law and imposes the axiom of doing maximum-
from-minimum. The second case may be mani-
fested by the constraints through which the 
environment is perceived. The system can only  

subject itself to eternal laws that constrain it 
and guide its behaviour. Therefore, to know 
these laws implies being able to predetermine 
ulterior behaviours in the system, and hence 
decision making of the system. (Le Moigne 
1989b, 1990a, 1990b, 1995c, 1995d). AM's 
concept of decision making is exercised with 
algorithms that determine behaviours of a sys-
tem. These algorithms rest on disjunctive logic 
axiomatics. These are also often accompanied 
with some factors, such as uncertainty and risk. 
The algorithms are often presented as those of 
mathematical decision theory or normative 
decision theory. Hence, AM's conception of 
decision implies an optimum command re-
ceived by the system for establishing good 
rational behaviour. LMS' critique notes that 
this conception leads to a situation, that 
mathematicians call undecidable, where it is 
not possible to calculate in a certain and singu-
lar way an optimum solution to the stated 
problem. The paradox occurs when theories on 
the one hand postulate an undecidable situation, 
while on the other human actors are able to 
pragmatically decide by using deliberate reason 
and without the algorithms. Hence,  SM  accuses 
AM of reducing perceived complexity by ig-
noring the capacity of human actors, such as 
intelligence, conception, imagination, intention 
and memory. Therefore, LMS considers AM's 
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use of energetics for decision making to be 
suitable sometimes for complicated, closed and 
predictable systems, such as programmed 
automata only. It is not the case for complex, 
open and unpredictable systems. (Le Moigne 
1990a) 

LMS' theory of inforgetics offers an alternative 
to PLA due to its Principle of Intelligent Action 
(PIA). Le Moigne illustrates PIA with the fol-
lowing Marxian metaphor: 

"The bee surprises the ability of more than one 
architect by the perfection of its wax cells, but 
what makes the most mediocre architect supe-
rior to the most expert bee, is that he constructs 
the cell in his head before constructing it in the 
hive."  (K.  Marx, Capital,  vol.!,  p.174) 

PIA is derived from A. Newell and H.A. Si-
mon's work (1976) who investigate the capac-
ity of the cognitive system to explore and con-
struct symbolic representations of processed 
knowledge. PIA may be defined as the cogni-
tive process through which the mind constructs 
a representation of. dissonance (gap), which it 
perceives between its behaviours (is-
situation/s)  and its projects (ought-to-be  situa-
tion/s),  and seeking to invent some responses or 
plans of action, capable of restoring a wanted 
concordance (no-gap) - an intelligent (adaptive) 
action (Le Moigne 1995b). PIA focuses on 
dialectical models, which favour examination 
of previous experiences, by using heuristic 
reasoning for problem solving, hence founded 
on inductive reasoning rather than deductive, 
then searching feasibility or adequacy rather 
than objective and optimal truth. The architect 
in the parable is constrained like the bee by the 
epistemological foundation of positivist epis-
temologies. Changing the epistemological 
spectacles, the architect may offer himself 
other criteria than the sole minimisation of 
wax, such as ethics, aesthetics, weight, etc. 
Further and at least as important, the list he 
chooses is not predetermined by energetic laws,  

but rather created by his intellectual ability. (Le 
Moigne 1995b) 

4.3.3.1. The canonic model of the decision 
process. 

LMS also offers an implementation of the sec-
ond principle of inforgetics, by establishing a 
canonic model of the decision process in com-
plex systems. This is derived from Simon's 
works on problem solving. 

LMS' model is founded on Simon's two, hy-
potheses about decision making which are: a) 
decision is intelligence, that is teleological 
comprehension, and may be represented by the 
process of identification-formulation of prob-
lems: what are the objectives and what is the 
present situation;  b)  decision is design 
(conception); a cognitive process of problem 
solution. The conjunction of these two hy-
potheses allows modelling of decision proc-
esses in a general way.  SM  proposes two com-
plementary implementations of decision proc-
ess modelling. First, decision may be consid-
ered a stable system of symbolic manipulation, 
and hence represented by an exercise of sym-
bolic computation (an IPS). Secondly, the deci-
sion process may be represented by a conjunc-
tion of three stable subsystems, which are in 
themselves recursive. These three subsystems 
are: a) a system of intelligence: problem for-
mulation,  b)  a system of design: problem solu-
tion, and  c)  a system of selection: multi-criteria 
choice of decision action. This model stresses 
some important qualities. First, a decision 
process in complex systems is fundamentally 
teleological. Secondly, the problems are not 
previously given but constructed by the mod-
eller, hence there is self-finalisation. (Le 
Moigne 1990a) 

The essential difference between AM and  SM  
is that AM considers the decision-making act 
as a result, capable of being analysed and dis-
joined. While  SM  considers decision-making as 
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a sequential process of information processing, 
developed inside a complex organisation, from 
which it is not separable.  SM  considers the 
problem of decision-making in complex situa-
tions to be one of qualitative representation, 
rather than of quantification and algorithms. 
The main issue then is how to represent, and 
consequently of what-to-do; rather than of 
how-to-do or solve by algorithms, as AM 
stresses (Le Moigne 1990a). Further, in com-
plex situations all decisions are multi-criteria 
decisions; that is, there exists more than one  

satisfactory solution to a single multi-criteria 
selection, but no single optimum solution. The 
optimum may be found in simple, (closed and 
well-structured) 	mono-criteria 	situations. 
Therefore heuristic reasoning, searching for 
satisfying solutions is preferred, rather than 
algorithmic reasoning looking for an optimal 
solution, which may never be found in com-
plex, multi-criteria situations. (Le Moigne 
1990a; Le Moigne & Bourgine 1990d) For an 
overview of the two discussed paradigms see 
Table 9. 

PARADIGM OF NATURAL 
UNIVERSE: 

Pt Natural Universe:  ENER-  
GETICS 

2" Natural Universe:  INFOR-
GETICS 

Concerns: The process of conversion be- 
tween energy and matter, and 
vice versa; concerns natural 
sciences 

The conceptual interaction be-
tween information and organi-
sation, and vice versa, mediated 
by decision of intelligence; con-
cerns mind and social sciences 

Notion of Information: Passive and disjuncted data, 
without ambiguity 

S3: deliberately Signified Sign 
making Signification; complex 
conjunction of the operator and 
the operand  

C  Principle: Principle of mutual conserva- 
tion between Energy and Matter 
(PEM); 

Principle of Self-Organisation 
(PS0); or principle of equili-
bration 

2' Principle: Principle of Least Action 
(PLA); or principle of maxi- 
mum-from-minimum 

Principle of general Intelligent 
Action (PIA); or principle of 
teleological adaptive behaviour 

some 
characteristics 
of the 2" 
principle: 

searches for: a unique optimum a satisfaction or adequacy 
focuses: quantity, hence: How-to-do? quality/representation, hence: 

What-to-do? 
uses: algorithms heuristics 
qualities of the 
domain of 
concern: 

determinative, closed, mono- 
criterion, pre-determined  sys-  
tems; 

deliberative, open, multi-
criteria, unpredictable systems; 

Table 9. Shows a juxtaposition of the two natural universes of human experiences, that is to say the 
energetic and the inforgetic. These are founded on the two epistemological positions, the positivist 
and realist paradigms and the constructivist paradigm, respectively. 
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5. A summing up the significance of L1VIS 

Le Moigne's contribution will certainly need to 

be critically evaluated from different perspec-

tives in order to assess its particular value. One 

attempt has been done by  Eriksson  (1997). In 

this section, the author will attempt to briefly 

sum up what he thinks is Le Moigne's signifi-

cant contribution. 

Le Moigne's contribution can be considered 

impressive in its ability to scan a very large 

amount of research findings from diverse do-

mains, identify and extract the crucial ideas, 

and transform and relate these to each other, in 

a way that few would expect possible. Le 

Moigne is primarily occupied with the meta-

modelling of theories. In this manner his con-

tributions may be considered as follows. 

5.1. Epistemological formulation 

Le Moigne's formalisation of the basic as-

sumptions of constructivist epistemologies (Le 

Moigne 1995b) into a coherent framework is 

important, especially if this domain is to be 

considered teachable. The crucial argument of 
theory validation is easily visible and it offers a 

reasonable alternative to the objectivist and 

relativist positions. This formalisation frame-

work helps us to understand the similarities and 

differences between the different theories of 

human mental constructions, such as construc-

tivism as a doctrine, constructivist epistemol-

ogy, social construction theory, social con-

struction of technology, etc., with several 

branches within each mentioned. Constructivist 

epistemologies establish a firm foundation for 

designed, artificial, engineered, organised sys-

tems - or in LMS' notion for systems science. 

These domains may manifest their epistemo-

logical foundations without being reduced to 

the so-called applied sciences. These founda-

tions are justified just as well as those of the 

analytical sciences. 

5.2. General Systems Theory 

Le Moigne presents (1977-1994) a formalisa-

tion of a General Systems Theory  (GST)  and a 

distinction of the different modelling para-

digms. He syntheses the cybernetic model with 

the structuralist •one, resulting in the systemic 

model.  GST  has been around as a concept at 

least since L. von Bertalanffy. It seems though 

that there has been a lot of confusion about 

what it really implies. In von Bertalanffy's 

notion - without neglecting his contribution - it 

seems to be primarily a theory of open systems. 

Further,  GST  has been often confused with 

cybernetics and considered to be one and the 

same (for example Ericson 1972). Le Moigne 

makes it clear that cybernetics and  GST,  al-

though overlapping, are two different theories. 

Le Moigne's notion of an a priori systemic 

model of system levels  (DIOS)  comprised of 

the decision system, memorisation-information 

system and operation system informs the cy-

bernetic notion, comprised of two systems: the 
decision-making and the operating systems. In 

cybernetic terms the operation system must 

obey the directives of its decision system and 

eventually report to the latter. The cybernetic 

model manifests some misconceptions when 

•considered in relation to the systemic one. 

When applied to psychological and social do-
mains, the implications of constructivist epis-

temologies state that this one-to-one relation 

(realist/positivist) may not be assumed, because 
mental schemes fit the experiences of the cog-

niser rather then match the ontic reality. Fur-

thermore the cognitive  systern  manifests intel-

ligence, memory, imagination, etc. and the 

relation between the decision-making system 

and the operating system is of a complex na-

ture, represented in the systemic model by a 

memorisation system. 
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5.3. Theory of an active organisation 

Similar to  GST.  LMS offers a formalisation of 
the theory of active organisation. He has en-
riched Morin's notion with recursiveness and 
presented something that is distinct from the 
traditional invariant or passive notion of or-
ganisation. The active notion recognises, for 
example, that organisation is perception of an 
observer (hence necessary active), and that it 
manifests pluralism and power relations. 

5.4. Inforgetic Theory 

Inforgetics offers the modeller a foundation for 
the psychological and social sciences in terms 
other than those of the traditional positivistic 
approach. Hence, the notion that mind and so-
cial domains are fuzzy or less exact than the 
domains of the natural science, is a misconcep-
tion in the light of Inforgetic theory. This is 
because the statement of fuzziness or of what is 
exact or not, is postulated in reference to the 
energetic foundations, the latter being presup-
posed. As pointed out by Bateson and Le 
Moigne, a change of the scientific domain 
should be accompanied by a mediation of the 
epistemological foundation of their inquiry. 

The inforgetic principle of self-organisation 
manifests a plausible theory of how open sys-
tems self-organise. It is founded on established 
and rather stable research findings of Shannon 
and Weaver, von  Foerster,  Quaster, Atlan and  
Varela.  The same may be said of the principle 
of intelligent action, established by Simon's 
life long research in decision and cognitive 
science. Le Moigne's conjunction of the two 
aspects of inforgetics into one single frame-
work may be considered original (information 
in-forms organisation which in turn organises 
information, which...; this loop is according to 
Le Moigne mediated by the decision of an in-
telligence, with capacities of imagination, 
memory, etc.). Such a notion recognises human 
beings as intelligent - both emotional and  ra- 

tional. This is in contrast to attempts by chaos 
or fuzzy set theory that reduce intelligence to 
mere chance. 

5.5. The grand synthesis 

Le Moigne has succeeded in synthesising the 
very different and rich research findings into 
one single and coherent system of thought. The 
foundations of projective constructivist episte-
mology are clearly visible in the procedural 
rationality mode, the general systems theory, 
the Eco-Auto-Re-organisation paradigm, and 
the inforgetic theory, these four clearly inter-
acting with each other. The whole framework 
manifests a conjunction of research exercised 
both in Europe and in America, at different 
times and in different intellectual traditions. 
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Notes 

The present author's intellectual contribution 

is only a summary of  J-L Le Moigne's original 

publications over the last 25 years. 

Stands for: "Groupe de Recherche  sur  

l'Adaptation, la Systmique et la Complexit6 

üconomique" 

"The Theory of General System is a collective 

work, one of a generation. It is not a property 

of a school, nor of a nation, nor of a discipline." 

(Le Moigne 1977-1994:2). 

4  The original texts of LMS often make the 

presentation of its ideas in contrast to the 

positivist and the realist paradigms (Le Moigne 
1991b). Such an approach will be used here in 

order to facilitate intelligibility. 

5  The three questions, elegantly manifest the 

canonic model of the general system (GS) of 

LMS, where the what expresses the structural 

quality, the how manifests the functional 

quality, while the why the transformational. GS 

will be discussed further on in this presentation. 

These three questions are also given by Piaget 

(1967). 

6  For a brief review of Le Moigne's main texts 

on constructivist epistemology see van Gigch 

(1996). 

PCE is fundamentally influenced by  J.  

Piaget's works on cognition (for example: 

Piaget 1937, 1970). His mission was to explain 

knowledge in biological rather than 

philosophical terms. This resulted in a theory of 

cognition that considers the function of human 

knowing as adaptive in the biological sense, the 

goal of this adaptation is to provide viability to 

the cognising organism. Le Moigne does not 

present Piaget's theory in his own works, he 

rather assumes that the reader is already 

familiar with these and consequently builds his 

own reasoning on that assumption. ft is beyond 

the scope of this text to change that 

assumption. Hence, the reader ought to be 

somewhat familiar with the key issues in 

Piaget's works, he may also consult von 

Glaserfeld's (1995) recent presentation. 

In this argument Le Moigne (1977-1994) uses 

the argumentation of Betz F. and Mitroff I. 

(1974). 

For a short and strong argumentation for a 

science of autonomy see Morin (1982). 

Transductive reasoning refers to the 

possibility of transducing or transferring 

reasoning from one domain to another, due to a 

certain degree of homomorphism. Retroduction 

refers to the reasoning ability due to feedback. 

I  In other words, the teleological precept 

means that the observer should ask what is/are 

the goal/s of the observed phenomenon and 

then what is the behaviour and the environment 

that relates to the goal/s. without worrying too 

much about what that phenomenon may be 

made of. its internal structure. When plausible 

theses of this kind are acquired. then the 

procedure of understanding may proceed with 

hypothesising the internal structure of the 

experienced phenomenon. 
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Le Moigne (1990 & 1977-1994) presents a 
plausible model of complex behaviour 
emergence, which may be intelligible, yet not 
necessary explicable. 

I3  Mono-criterion problems have one criterion 
that determines the choice of means for 
problem solving. Multi-criteria problems have 
many, most often contradicting criteria that do 
not allow to find one optimal solution but 
rather several satisfying solutions. 

14  See also Le Moigne's (1995c) recent 
contribution to Weaver's discussion. 

I5  Sometimes referred to as: structural-
functionalist. 

'6  The quantum mechanic modelling paradigm 
is excluded from LMS' discussion. 

17  Le Moigne (1977-94:77) defines 
isomorphism as: "A bi-jective correspondence, 
such that to each element of the beginning 
ensemble (the model) only one element of the 
end ensemble (object) and reciprocally 
corresponds. This correspondence is transitive, 
reflexive and symmetrical." In other words 
isomorphism refers to the same forms. 

Le Moigne (1977-94:77) defines 
homomorphism 	as: 	 sur-jective 
correspondence, such that to each element of a 
beginning ensemble corresponds at least one 
element of the end ensemble, without 
reciprocity. This correspondence is transitive 
and reflexive but not symmetrical." In other 
words, homomorphism refers to similar forms. 

'9  Two examples of Le Moigne's application of 
Systemography are in Le Moigne (1977) and 
(1987). 

" J.P. Dupuy's definition is: "By genotype, I 
mean a matrix, a structure, a mechanism, a rule  

by which to play. Thus it is not necessarily the 
genome of a living being... What are the 
phenotypes that this genotype is capable of 
producing or likely to engender? Today we 
know that even for very simple and particularly 
deterministic genotypes, the answer to this 
question may be inextricable complex: because 
phenotypes themselves are complex, because 
the whole they make up constitutes an 
inexhaustible wealth, because during the 
transition from genotype to phenotype 
problems of calculability arise which are 
difficult, if not impossible to resolve... Even 
when it is a mere figment of the imagination, a 
genotype or model is nonetheless endowed 
with a certain autonomy and able to produce 
the novel and the unexpected... The transition 
from genotype to phenotype would imply not 
the actualisation of a potential but the 
achievement of virtuality." (J.P. Dupuy 
1986:255-256). 

21  The concept of form is due to the Gestalt 
theory, elaborated in the beginning of this 
century, in order to take account the 
psychology of perception. LMS then, defines 
gestalt as: "/.../ a perceived field, by that which 
is distinctive from depth, in a sufficient stable 
manner, from which however, it is inseparable. 
It emerges by structuring (formation of 
patterns) although its shape seems to belong to 
it, whether this structuring is geometric or 
conceptual." (Le Moigne 1990a:47). 

22 The reader may observe the correspondence 
between the two genotypes of GP and IPS. 
Both focus on the three aspects: time = 
memory, space = communication, form = 
computation. 

23  Le Moigne (1990:a) conceptualises the 
variety of a system in the sense of  R.  Ashby 
(1956). 
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24  This argument shows the usefulness of the 
Information Processing System. 

25  This refers to the use of Information 
Processing System. 

26  Bou!ding's (1956) nine levels manifest 
increasing complexity of phenomena in science 
as follows: frameworks, clockworks, 
thermostats or. cybernetic systems, open 
systems, genetic-societal systems, animal 
systems, human systems, social organisations 
and transcendental systems. 

27  This refers to Simon's (1960) three phases of 
decision making: Intelligence-Design-Choice. 

28  The reader may note the relation of these 
three recursive functions to the canonical 
models of General Process and of Information 
Processing System. That is: link = space, 
communication; produce = form, computation; 
maintain = time, memorisation. 

29 
LMS' Inforgetic paradigm offers also an 

Inforgetic model of an organisation, which 
is a conjunction of the  DIOS  model and the 
EARO paradigm. This model is not 
presented in the present text however, 
because of the limited published 
information that describes it. 

3°  Because organisation of information by an 
IPS represents a complex perception or 
conception then it also represents a General 
System and a  DIOS.  

31  This discussion focuses on the organisation 
of information and their symbols processed by 
an IPS. While the previously given account of 
IPS in this text, focussed IPS as processing 
information. Hence, the IPS' two modes have 
together four basic functions: to generate, to 
memorise, to communicate and to compute  

information. The last three are intertwined and 
recursively related to the first (Le Moigne 
I 990a). 

32  The reader may note that this last quality is 
well reflected in the  DIOS  model, due to its 
memory system, permitting potentialisation, 
therefore management of environmental 
complexity, which is not the case with the 
cybernetic model. 
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Article 2:  

Eriksson,  D.M. (1997). Postmodernity and Systems Science: An evaluation of J.L. 

Le Moigne's Contribution the management of the present civilisation. 
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Postmodernity and Systems Science: An Evaluation 
of  J.-L. Le Moigne's Contribution to the 
Management of the Present Civilization 

Darek  M.  Eriksson'  

Received April 20, 1997 

In this text, a French school of systems thought is evaluated with reference to its 
contribution to postmodemity. The main conclusion is that this system provides some 
pertinent contribution but that there are also some domains where it does not provide 
much help. Both these domains are identified and discussed. The text starts with a 
discussion of the postmodern challenge. This is followed by a presentation and critical 
evaluation of the theory under consideration. The latter gives rise to the Discussion 
and Conclusion. 

KEY WORDS: postmodemity; Le Moigne's systemics; evaluation; ethics. 

1. INTRODUCTION 

A French school of systems thought is evaluated with regard to its contribution 
to postmodemity. The main conclusion is that there are areas where it can make 
a contribution and areas where it cannot. The following text starts with a char-
acterization of the postmodern age. It proceeds with a presentation and evalu-
ation of the foundation of the theory under consideration. This evaluation goes 
on to discuss its contribution to postmodemity. 

1.1. The Postmodern Challenge 

It is frequently postulated that we live in the most advanced age ever and 
that the advances of the 20th century cannot find any equivalence in the history 
of the human civilizations. Such a postulate leads to the question, In what 
manner is the present Western civilization superior to the previous? The pro-
ponents might argue with examples like it is possible to send a space shuttle to 
the moon with a precision of 10 cm or our hospitals can cure people that 

'Department of Informatics & Systems Science, School of Business Administration & Social Sci-
ence,  Luleå  University of Technology, S-971 87  Luleå,  Sweden. 
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previously where doomed to death, etc. Although there have been some highly 
sophisticated civilizations previous to the present, it is reasonable to argue that 
our civilization is the superior one. Yet are people today happier? Considering 
the amount of hunger, the injustice, the drug problems, the criminal explosion 
and terrorism, the social unrest created by unemployment, budget cutdowns, 
inflation, recessions, the environmental problems, etc., what good does the 
materialistic development bring when people find their lives meaningless and 
hopeless? In this respect, the materialistic perspective seems to have been over-
developed, while the normative is not only neglected, but oppressed by the 
determinative (de Raadt, 1997; von Wright, 1986). 

On the other hand, sociologists label the present age of Western societies 
as postmodern. This is said to challenge the foundations of modernist thought. 
Hence the works of  Feyerabend  (1975) and Quine (1964), criticized modernity 
for being dogmatic when postulating ideas of truth and statements of fairness. 
Modernity was also criticized by focusing on dilemmas, creating doubts, and 
being suspicious of the scientific methods of validation. In short, the postmodern 
era may be characterized by consumption orientation, technological domination, 
and the dramatic change and erasure of absolute values and norms (Lyon, 1994). 
This has led to various "types," and we call these the economic man, the 
mechanistic man, and the nihilistic man, respectively. The deterministic dom-
ination—as expressed in the mechanistic and the economic man—over the nor-
mative—as expressed in the nihilistic man—manifests postmodernity. 

Further, the present era is characterized by increased complexity. This 
makes the traditional approach to problem solving less suitable, because the 
solution of one problem may often lead to one or more new problems. Hence, 
Ackoff (1981) calls the present time the systems age; this is in contrast to the 
old machine age. The systems age requires, in his words, "management of 
messes," that is, networks of problems. Such a notion well reflects the nihilistic 
man, because when norms and rules change and disappear, the societal order 
becomes less clear, or a mess. 

In order to make a complex situation intelligible, adequate modeling instru-
ments are necessary to develop. Such models are crucial because they are used 
by organizations and societies to represent themselves and then to intervene. 
Hence, it is of particular interest to justify the modeling foundations that produce 
these models of problem identification and solution. This argumentation—and 
also, for example, the argumentation of von Wright (1986)—points to Systems 
Science, which has presented itself as a science of modeling par excellence 
(e.g., van Gigch, 1991; Le Moigne, 1977-1994). 

Systems Science focuses on the problem of complexity or, taking the other 
side of the coin, on reductionism. This leads to the challenge, How can we 
make phenomena intelligible without reducing the essential aspects of these? 
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For the purposes of this text, two kinds of reductionism may be distinguished. 
First, there is the analytic investigation, that is, the attempt to make phenomena 
intelligible by analysis. The misconception of such an assumption has been 
elegantly expressed by Pascal (1963): ". . .1 hold it equally impossible to know 
the parts without knowing the whole and to know the whole without knowing 
the parts." Second, there is the problem of incommensurability, that is, the 
attempt to express phenomena by representations which cannot represent the 
essential aspects of it. This is often done by transducing a phenomenon of a 
certain complexity to one of a lower complexity, hence reducing. von Bertalanffy 
(1968) borrowed a sweet illustration from A. Huxley: "The world is as Aldous 
Huxley put it, like a Neapolitan ice cream cake where the levels—the physical, 
the biological, the social and the moral universe—represent the chocolate, straw-
berry and the vanilla layers. We cannot reduce strawberry to chocolate—the 
most we can say is that possibly in the last resort, all is vanilla, all mind or 
spirit."  Bunge  (1959) gave it the following definition: "A level is a section of 
reality characterized by a set of interlocked properties and laws, some of which 
are peculiar to the given domain, and which are assumed to have emerged in 
time from other (lower or higher) levels existing previously."2  

Following the challenge of postmodemity, a school of systems thought has 
been selected in order to evaluate its contribution to this. It is the French school 
of systems thought that is guided by Jean-Louis Le Moigne at the GRASCE3  
research center. We refer to it as Le Moigne's  Systemics  (LMS). LMS has 
presented itself (Le Moigne, 1977-1994, 1990) as being able to contribute to 
the present age, by making it intelligible in a way that the traditional4  systems 
approaches does not. This system of thought has opened it freely for evaluation: 
"No scientific or cultural authority could have monopoly of determination of 
ethical value of knowledge" (Le Moigne, 1995). Moreover, LMS is not well 
known to the Anglo-American systems community, representing a South Euro-
pean intellectual stream. 

2. FOUNDATIONS OF LE MOIGNE'S  SYSTEMICS  

Because of the available space, the following presentation of LMS is nec-
essarily brief. The hope is that it will suffice for the purposes of this text. 

LMS is a coherent framework of theories which aims to support systemic 
modeling. It has explicitly defined its ontoepistemological foundation and a set 

2The definition is founded on the ontological hypothesis; it may be applied as well to the phenom-
enological one, however. 

3GRASCE stands for "Groupe de Recherche  sur  l'Adaption, la Systemique et la Complexite Econ-
ornique." It is allocated to Universit6 d'Aix-Marseille ILL in Aix-en-Provence. 

4By traditional LMS we refer mainly to analytic modeling which is equivalent to Hard Systems 
Thinking. 
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of cognitive modeling theories and methods. For purposes of the present eval-
uation, only the ontoepistemological foundations are presented. LMS episte-
mology may be labeled Projective Constructivist Epistemology (PCE). It belongs 
to a broader family of constructivist epistemologies. Different names emphasize 
different properties of knowledge; in LMS' case, it is the dominating teleological 
hypothesis or assumption that leads us to choose PCE for a name. The whole 
work of LMS is influenced and founded on the so-called golden triangle, which 
is  J.  Piaget,  H.  A. Simon, and  E.  Morin (PSM). Piaget's (1937, 1970) theories 
are probably the most fundamental for the constitution of PCE. These consider 
knowledge to be actively constructed by the cognizer, who has the role of 
adaptation. This is done by organization of the experimental world, and not by 
a passive discovery of an independent reality. 

In the following, the epistemological foundation of LMS is presented 
according to three fundamental questions: What is knowledge? Why is knowl-
edge valid or adequate? and How do we know? 

2.1. What Is Knowledge—The Basic Assumptions 

This question is answered by LMS' two basic assumptions. These are the 
phenomenological and the teleological assumptions, discussed in the following. 

2.1.1. The Phenomenological Assumption 
It states that the human actor knows only artificial representations of sub-

ject-object interactions. Knowing does not start by the knowledge of self, or 
that of things as such, but by that of their interactions. Hence, there is no 
separation or independence between the act of knowing an experience and the 
act of self-knowing, as experienced by the subject. This cognitive interaction 
between the experience and the knowing subject forms knowledge, which is 
organized and structured by knowledge itself. The mind does not have any direct 
access to an independent and unmediated reality; it rather accesses the experi-
ences of the neural system. The latter may or may not have been in contact with 
that reality (Le Moigne, 1994, 1995a,b). 

This basic assumption of knowledge has some strong properties. It postu-
lates the constant change of knowing, which implies that knowing is an action, 
rather than a state. Next, the recursivity of knowing states that knowledge can 
be self-referential, that is, humans can know about knowing. Finally, knowing 
is a dialectical process, where the  atomist  and the opposed holist paradigms 
interact with each other (Le Moigne, 1995b). 

2.1.2. The Teleological Assumption 
The second assumption postulates that knowledge is constructed due to the 

knower's intentions, purposes, goal, aims, finalities, etc. This makes it possible 
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for the knower to assign meaning to his knowledge and it accepts the free choice 
of human being, in contrast to the determinist assumption, which implies a 
preprogrammed behavior (Le Moigne, 1977-1994). 

Summing up, the what of knowledge may be expressed as: the knower 
knows only intentional phenomenon, due to dialectic construction of represen-
tation of subject-object interactions, which manifest evolution and recursivity. 

2.2. How Do We Know? A Methodological Question of Knowledge 
Constitution 

LMS has developed and adapted a set of theoretical constructions 
(Le Moigne, 1977-1994, 1990, 1995b) for its methodologies. Below the two 
most important are presented for the purpose of argumentation. These include 
the General System (GS) of systemic modeling and the second principle of 
Inforgetics: the Principle of Intelligent Action (PIA). 

2.2.1. The General System of Systemic Modeling 
Systemic modeling  (SM)  is carried out with a set of cognitive instruments. 

The most central idea is the theory of a General System (GS), a theory of 
modeling. The elements that  SM  uses are the product of a merger of the cyber-
netic (Wiener, 1948) and the structuralist (Piaget, 1968) theories of modeling 
and are arranged as follows (see Fig. 1): a structure functions and transforms 
itself and other systems in its environment with the aim of attaining one or 
several goals (Le Moigne, 1977-1994, 1990). For example, in a university we 
could say that administrators, researchers, and teachers (structure) produce 
knowledge and educate people (function) and experience growth and change 
(transformation), as an organization aiming at increasing the wisdom of people 
(goals). 

The difference between the systemic model of LMS and traditional cyber- 

Fig. 1. A principal scheme of the General System of systemic modeling. 
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netics is that the GS also gives an account of what is creating the behavior, i.e., 
the formation of a system's structure and its mutual relation to the emergent 
function. In contrast, the cybernetic model considers the same phenomenon to 
be a "black active box." A cybemetician distinguishes a phenomenon's behav-
ior in relation to a goal and in an environment; for example, a polar bear would 
be considered as the behavior necessary to survive in a cold climate. In cyber-
netic terms, the behavior (also called transformation) does not see any difference 
between the function of a structure and the transformation of the same structure, 
as the systemic notion does. Rather it considers it as one unified action; this is 
because it has no knowledge of the system's structure; hence the same descrip-
tion may belong to an Eskimo. 

2.2.2. Inforgetics and the Principle of Intelligent Action 
When attempting to make complex systems intelligible in the domain of 

mind and social sciences, Le Moigne (1990) follows the critique that Bateson 
(1971) delivers, concerning the inadequacy of using energetics theories from 
the domain of physical sciences. As an alternative, LMS presents (Le Moigne, 
1990) the inforgetic theories. The latter studies the conceptual domain where 
information is transformed into organisation, and vice versa, due to a mental 
decision process. This may be contrasted with the domain of Energetics, which 
studies the physical conversion process of matter to energy, and vice versa. 

LMS' theory of inforgetics presents two fundamental principles, that is, in 
parallel with the two principles of Energetics (or thermodynamic). The second 
principle, which concerns decision making, is briefly discussed here. This is 
called The Principle of Intelligent Action (PIA) and is derived from the works 
of Newell and Simon (1972). It considers the decision process in three sequential 
and recursive phases, as in the following: (a) intelligence, or definition of the 
gap between the projected and the perceived situation;  (b)  design, or the con-
ception of one or several alternatives that bridges the gap identified in the pre-
vious phase; and  (c)  choice, or selection of a satisfying alternative due to a 
multicriteria evaluation. This process of an intelligent and adaptive behavior 
accounts for the teleological and the phenomenological assumptions of knowing. 
It also accounts for human qualities such as memory, imagination, conception, 
etc. PIA favors the heuristic, dialectic, and inductive processes of reasoning, 
which searches for satisfying adequacy and projective feasibility. PIA may be 
then contrasted with the second principle of Energetics, the principle of maxi-
mum-from-minimum, or The Principle of Least Action (PLA). This postulates 
the existence of a unique and optimal solution. That principle is founded on 
the deterministic assumption, and denies human intelligence, because the solu-
tion is already predetermined. PLA favors algorithmic and deductive processes 
of reasoning, which searches for an optimal, unique, and objectively true 
solution. 
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2.3. Why Is Knowledge Valid or Adequate? 

The question of validation is always crucial because it is the aspect of 
epistemology that is supposed to justify the theoretical constructions, which also 
includes the theory of knowledge as well. Two criteria of constructivist notions 
that are generally considered are the subjective and the intersubjective coherence 
of mental constructions. According to Le Moigne (1995b), however, these are 
indeed the arguments of the American Pragmatist schools of thought, which 
provide the criterion of feasibility: the truth is what is useful in practice. In 
PCE's notion, it is the criterion of "projective (or cognitive) feasibility" 
(Le Moigne, 1995b) which is compared with the positivist and realist notions 
of objective truth. The constraints of experienced reality eliminate what is not 
feasible. They do not, however, interfere with what does not conflict them. 

When applying this criterion of projective feasibility to the epistemological 
foundations of itself, LMS provides the argument of social contract, which is 
aimed at justifying its epistemological position. This argument is founded in 
LMS' notion of science, which is considered an autonomous system; that is, at 
the same time being different and maintained differently from its substrate envi-
ronments on which it is interdependent. Only then can science be known well 
enough to self-produce its own foundations (Le Moigne, 1994b). 

2.3.1. The Social Contract 
Accordingly to LMS, proposing epistemology, and therefore some criteria 

for knowledge construction, is to propose a social contract for the sociocultural 
system which is supposed to develop this knowledge. This knowledge should 
then hold some identifiable value for this culture, expressed in sense, intelligi-
bility, or effectiveness. Therefore, if the validity or adequacy of these criteria 
is an illusion and the sociocultural system does not accept the fundamental 
assumptions, then the epistemologically founded knowledge and its ethical value 
for society no longer have any basis. Consequently, LMS (Le Moigne, 1995b) 
postulates an exacting and continual examination of the founding assumptions 
for knowledge construction in order to assure their ethical value. LMS attempts 
to formulate and reformulate itself openly and carefully. 

3. CRITICAL EVALUATION OF THE FOUNDATIONS OF 
LE MOIGNE'S  SYSTEMICS  

A preliminary critical discussions5  of LMS' position is presented here. The 
evaluation attempts to identify some properties that are drawbacks and some 
that are contributions to the field. 

'This critical evaluation of LMS is partially affected by Mingers (1995) critique of Maturana's 
positions, which the present author would like to acknowledge. 
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3.1. Some Limitations of LMS' Position 

3.1.1. The Intellectual Sources of LMS 
LMS' main intellectual parents are the works of Piaget, Simon, and Morin. 

These are well known to the international community and have generated a 
certain amount of critique. Here we choose one of these in order to illustrate 
the argument. Morin's (1977, 1980, 1982, 1986, 1991) epistemological project 
La  Methode,  or the new science of science, is criticized among others by  
Holmqvist  (1993). The critique focuses its uncritical and unsatisfactory accept-
ance and centralization of scientific results. The impression given is that social 
problems find their answer or model in biology. Further, the implicit and/or 
neglected investigations of sociohistorical, political, and philosophical aspects 
require further investigation. Assumptions, partiality, and criteria are often 
neglected and hidden behind an acceptance of traditional methods and perspec-
tives. The conclusion questions Morin's claims made for the novelity of what 
is considered as a new science. 

In defense one could argue that the unification and modification of the three 
theoretical positions within LMS manifest a critical position. It seems, then, 
that a general awareness and response to the critique of these three positions are 
included in LMS. 

3.1.2. Is There an Inconsistency of Constructivist Theory? 
The following argument is frequently delivered against strong relativist 

theories. These claim that all knowledge is relative to the knower or a group of 
lcnowers. Similarly, PCE postulates that no theory may claim objective truth. 
Thus, this postulate should apply as well to the postulating theory as such.6  
Consequently, others are not compelled to agree with the theory. If the auto-
referential quality is rejected, then the theory becomes inconsistent (Mingers, 
1995). This argument has been taken up by Anderson (1995), who states, "My 
position is however, that instead of using the contradiction as a prima facie 
reason for rejecting radical relativism, we may consider the possibility of gener-
alising the concept of truth so that at least certain kinds of contradictions can 
be accommodated." Andersen's (1995) argument postulates that if a theory is 
completely to avoid inconsistencies, then " .we have to curtail our means of 
expression to such a degree that they become dissociated from our daily life." 
No comment is given, though, on which ". . .certain kinds of contradictions 
can be accommodated" and which cannot; the criterion for such an exercise 
would most probably become that which suits a certain theory most. 

The argument of self-contradiction may be extended to the act of theory 

6This autoreferential argument is especially current for PCE, when one of the explicit characteristics 
of the phenomenological hypothesis is the recursively of knowledge. 
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generation as such. The constructivist theory in general and PCE in particular 
state that, due to empirical observation, in biological and psychological domains, 
no access to reality is possible: ". . . We know only representations of inter-
actions. . ." (Le Moigne, 1995b). Consequently the study as such may claim 
only phenomenological validity rather than ontological; per definition, the stud-
ies studied representations of interactions. It seems, however, that LMS is sat-
isfied with such a position. 

Another objection may be posed, because LMS in several statements of its 
texts seems to imply the existence of a third, i.e., something beyond the mind 
and its experiences. One of these is the strong focus on the existence of a systems 
environment, especially due to the influence of the cybernetic model on the 
systemic one. Further, the argument for knowledge validation—that is, the inter-
subjectivity or domain of consensus—requires more than one observer. On the 
other hand, an  antiargument  could be thought that these distinctions in them-
selves do not need any ontological commitment and would be effective due to 
the phenomenological hypothesis; that is, the other actor or the environment is 
a cognitive scheme that represents an experience only. 

Then the realist position (Mingers, 1995) would counter with the accusation 
of epistemic fallacy, which is concerned with the relationship between episte-
mology and ontology. Denying the existence of an independent reality due to 
the theories of the knower, i.e., answering the question of existence purely in 
terms of knowledge of what exists, implies a reduction of ontological domain 
to the epistemological one. The realist would argue that human knowledge is 
not limited to what actually exists or not; rather the reverse, the knower knows 
because she or he exists. Dancy and Sosa (1992) attempt a clarification of an 
eventual misconception, however, which may argue for LMS' position: "It is 
quite unjust to charge idealism with an antipathy to reality, with ontophobia, as 
Ortega  y Gasset  called it. For it is not the existence but the nature of reality 
that the idealist puts in question."7  The pragmatist notion was similarly expressed 
by James (1897): ". .Please observe. . .that when we give up the doctrine of 
objective certitude we do not thereby give up the quest or the hope of truth 
itself." It seems that this is the position of LMS (Le Moigne, 1995b): it does 
not deny the existence of an independent reality, or postulate such an existence; 
it only denies the knowledge of an independent reality. 

Finally, when it comes to the ontological assumption, it seems that 
Lulunann's (1990) comment is illustrative: "If a knowing system has no entry 
to its external world it can be denied that such an external world exists. But we 
can just as well—and more believably—claim that the world is as it is. Neither 
claim can be proved; there is no way of deciding between them." 

'Indeed, PCE accepts the existence of reality, but only the mediated one, known due to represen-
tations, rather then an independent one. 
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3.1.3. The Limits of the Feasibility Criterion 
It seems that the criterion of projective feasibility, which ultimately ends 

with the constraints experienced by the cognitive system, has found a way 
between the relativistic and the absolutist positions. Then it is reasonable to 
consider the implications of this for human beings in particular and humanity 
and civilizations in general. Hence the question, Is the projective feasibility 
feasible for humanity? The criterion seems to be acceptable from a biological 
point of view, when the project is biological survival, adaptation, and dupli-
cation. When the project is humanity, the criterion does not say anything about 
what is good or bad for humanity, but still feasible for biological species. Then 
such a notion reduces human beings and civilization to a dimension that they 
have passed a couple thousand years ago. The history of civilization should 
provide evidence that the criterion of projective feasibility is doubtful when the 
project is anything else than biological survival. 

3.1.4. Potential Danger 
LMS' position may be seen as potentially relativistic when it assigns itself 

to the feasibility criterion of validation and the social contract: "This knowledge 
ought to then hold some identifiable value for its culture, as expressed in sense, 
intelligibility or effectiveness" (Le Moigne, 1995b). The criterion becomes 
unclear and therefore potentially relative. In a rather drastic example, such an 
approach would potentially lead to a justification of situations like Nazi Germany 
during World War II. The sophisticated propaganda machine manipulated the 
intersubjectivity of the German people, who got different perspectives of what 
is right or wrong—". . .or hold some identifiable value. . . " 

3.1.5. Epistemic Theory or Cognitive Theory—A Confusion? 
LMS' epistemology is founded to a large extent on Piaget's (1970) genetic 

epistemology. This considers the function of human knowing as adaptive in the 
biological sense; furthermore, its mission is to provide viability for the cognizing 
organism. Such a theory may be termed a cognitive theory. This does not provide 
answers to questions like what is good or bad for human beings or societies, 
issues on which the ancient philosophers spent much effort in order to provide 
answers. The answers were to guide the members of civilizations in how to 
think, what to think about, and—perhaps most importantly—why to think of 
certain things. This in turn should help man in thinking; for example, how to 
become a good husband or a good wife. From this point of view, LMS' epis-
temic theory may be considered reduced to a theory of cognition. 

LMS' response could be that, although such a notion has good aspirations, 
a theory of episteme—or scientific knowledge—needs to provide a description 
and eventually an explanation of how a knower comes to know—in order to be 
a theory of knowing. The constructivist epistemologies purport to provide such 
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knowledge.8  Further, because of the underlying assumptions of constructivist 
theory, LMS would argue that such answers ought to be given by fronesis—or 
ethics—and philosophy, and not by episteme. 

3.2. Some Possibilities of LMS' Position 

3.2.1. Intention of LMS 
The purpose of a certain school of thought may be considered as its exis-

tential justification. In LMS' case it states that its aim is to contribute to the 
understanding of social complex systems in a way that the traditional approaches 
do not (Le Moigne, 1990). 

3.2.2. Antiutilitarian 
The second principle of inforgetics, that is, the Principle of Intelligent 

Action, focuses explicitly on a search for adequate solutions to problems, rather 
than the search for a unique optimum. The latter, inherited from the second law 
of thermodynamics, postulates the maximum-from-minimum paradigm. This 
seems to be imposed by modernism on our culture and is manifested in the 
economic man but is rejected by LMS. 

3.2.3. Antifuzziness of Social Systems 
The rather general notion that social systems are less exact than natural or 

living, and therefore fuzzy, is opposed by LMS, which presents its alternative 
foundation in the inforgetic theory. It argues that such a misconception stems 
from the attempt to conceptualize social systems in terms of natural systems 
(i.e., Energetics). Hence, these conceptualizations were not developed for that 
purpose but are considered a priori for all kinds of systems. 

3.2.4. Epistemological Foundation for Designed Systems 
The modernist conception of science, due to its empiricist tradition, may 

be characterized by descriptive logic, empirical, and analytical investigation, 
determinative rationality, and postulated neutrality or value freedom. This has 
for a long time reduced disciplines that study other than natural and living 
systems to merely applied sciences. For example, the traditional methods of 
positivistic science, characterized by hypothetical verifications, often have the 
following structure of actions: (a) observation of a phenomenon to be explained,  
(b)  proposition of an explanatory hypothesis in the form of a deterministic system 
that can generate a phenomenon isomorphic with the one observed,  (c)  propo-
sition of a computed state or process in the system specified by the hypothesis 

8As noticed by von Glaserfeldt (1995), Piaget's theory of cognition does not present any model of 
consciousness. Hence a question may be posed, Can a generative model of cognitive viability be 
considered as a model of knowledge? Does not the notion of knowledge imply a consciousness? 
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as a predicted phenomenon to be observed, and  (d)  observation of the predicted 
phenomenon. Already the first action presupposes an existing system to be 
investigated. What about systems created due to human intentional actions? For 
example, a car or a kindergarten: these are systems that do not exist until having 
been conceptualized and constructed by human intervention. Moreover, such a 
method presumes a deterministic rationality of a system's existence also for 
systems that are created by humans, i.e., artificial. The misconception of such 
an approach when considering purposefully created systems may be illustrated 
by the following illustration of two systems: the first is the fascinating Mayan 
temple on the Yucatan Peninsula (Mexico), and the second is the powerful 
Niagara Falls in Ontario (Canada). It is reasonable to consider that the first one 
was built in order to serve as an astronomic observatory building, that is, an 
intentional human act, while the second was created by natural forces, because 
of certain geological circumstances. 

A significant importance of LMS lies in its contribution of well-developed 
theoretical foundations of designed systems, that is, systems science. These no 
longer need to be considered merely as applied, second-hand sciences. Systems 
science can expose its own epistemological foundations as well grounded and 
coherent as the natural sciences. LMS primers the teleological hypothesis before 
the deterministic; it opposes analytic modeling with its anatomist attitude; it 
focuses the imperative mode of logic that allows an ought-to mode, a prescrip-
tion for designed systems. 

4. DISCUSSION: LMS AND POSTMODERNITY 

Out of this critical evaluation of LMS, the following conclusion may be 
reached. First, LMS provides the modeler with an explanation of why the 
mechanistic man is inadequate—as manifested in analytic modeling. It also pro-
vides alternative theoretical foundations: the systemic modeling and the infor-
getic theory. Second, LMS explains also why the economic man's maximum/ 
minimum is not satisfactory and again provides an alternative: the Inforgetic 
theory. This searches for satisfaction and, therefore, is an alternative to the 
utilitarian approach. Third, LMS' foundation in Piaget's theory of cognition 
provides a plausible explanation of how it comes that the nihilistic man is 
possible at all. This occurs by cognitive equilibration, which makes it possible 
for human values to be transformed, where the old disappears and a new emerges. 

LMS does not provide any guidance of an ethnical nature in order to 
manage the nihilistic man; it only provides a plausible generative model of him. 
What is right or wrong? To this question the readers have to search elsewhere 
for an answer. This characteristic of LMS may be considered less satisfactory 
when attempting to make intelligible and manage postmodernity. Ethical con-
cern is found in two other recent schools of systems thought: Critical Systems 
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Thinking (Flood and Jackson, 1991), based in part on Habermas, and  Multi-
modal  Systems Thinking (de Raadt, 1991), based on Dooyeweerd. Even from 
LMS' standpoint it may be considered important to study the ethical realm when 
it associates itself with an imperative mode of logic rather than just a descriptive. 
Also, the constructivist foundations manifest the impossibility—in the biopsy-
chological sense—of any waterproof border between the realms of epistemology 
and of ethics as the empiricist position maintained for a long time, postulating 
objectivity and value independence. LMS seems to have understanding for this 
issue itself: "But epistemology is best placed of all disciplines to recognise and 
to show questions on the value of knowledge by which, in some way, it assures 
the scientific status. It is important that it assumes this responsibility of per-
manently reformulating hypotheses, on which these attainments of knowledge 
are based, are also of discussing the ethical significance of knowledge it pro-
duces" (Le Moigne, 1995). 

In conclusion, then, LMS seems to provide some pertinent contributions 
to the management of the present age. However, it does not give any guidance 
for its compass needle. This is perhaps the most important issue of today. 
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The question of investigation is, What can intelligent artifacts mean to a 
command system? By means of a theoretical synthesis of previous works, the 
present work starts with an epistemological discussion focused on systems 
thinking. With the organization in focus, an extrospective approach is taken 
in which a global discussion results in some implications for the organiza-
tional system design. This system is considered as a sociotechnological 
system; consequently, the nature of systems (i.e., complexity) and the nature 
of human beings (i.e., parts of the systems and who are to be served by the 
artifacts) are discussed. The result argues that intelligent artifacts can 
extend the intelligent behavior of organizations. Examples of computer 
system architecture and software architecture are given. 

The tremendous changes in Eastern Europe and especially the dissolu-
tion of the former Soviet Union have demanded challenging planning 
activities for Swedish National Defense (SND). At first one could think 
that the threat from the east has disappeared; a more elaborate diagno- 
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sis,  however, shows that the new situation is dominated by a significant 
uncertainty factor concerning the near-term and long-term future. Be-
cause of these new circumstances and the new economic conditions 
from the Swedish government, SND is redesigning its organizations. 
One of the organizations to be redesigned is the command system of the 
SND. 

The Department of Informatics at Mid Sweden University has, in 
collaboration with the SND, started a project called C412-GIS  (Com-
puter, Command, Control, Communication, Information, Integration—
Geographical Information Systems). The aim of this project is to con-
tribute ideas for the design of the future command system from a 
perspective of informatics. The project has two phases, a theoretical one 
and an empirical one. The first phase is designed to answer about 50 
what questions, according to Popper's (1978) "searching theory." The 
answers to these questions will then be analyzed and synthesized in 
order to generate guidance for the empirical study (Holmberg, 1994). 

The present paper is an attempt to present one possible answer to 
the following question: "What can intelligent artifacts mean to the 
design of the command system?" (Holmberg, 1994). Beside answering 
the question of what it can mean, one possible way in which it can be 
implemented will also be presented. 

Some general conditions given by the project definition must be 
considered during the design of the command system. These are the 
following. The organization to be commanded must be able to operate 
with a global perspective, for example, on a United Nations mission. It 
must be able to operate under heavy stress in the broader meaning of 
the word, for example, under time shortage. Furthermore, it must be 
able to handle external and internal dynamic behavior and should 
remain viable despite heavy losses. 

In order to answer the question, a theoretical synthesis of some 
previous independent works has been done. The paper has the following 
structure. It starts with an epistemological discussion in order to present 
the fundamentals of the inquiry. Second, a global perspective is taken in 
order to identify where we are on our way and what it implies for our 
design. Third, the nature of complex systems in which human and 
machine coexist is discussed. Next, the discussion concerns the design of 
the organization, that is, the command system, following by discussion 
and an example of the intelligent artifacts that might be embedded in 
the organization. Finally, some conclusions are drawn. Although the 
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project is oriented toward a military organization, the discussion here is 
general and in business terms. 

SYSTEMS THINKING AS AN EPISTEMOLOGICAL GUIDE 
OF SOCIOINFORMATICS 

Descriptive Epistemology 

We start this section with the statement that a command system like 
C412-GIS  is a sociotechnological system, in which human beings inter-
act with machines; this will be explored further later. Here our interest 
focuses especially on computers in the context of an organization. There 
are at least two disciplines dealing with such activities: information 
systems science, when focused on more administrative aspects of organi-
zational behavior (i.e., office information systems), and control engi-
neering and computer science when focused on more technological 
processing aspects (i.e., production management systems). The problem 
with the latter discipline is that its theoretical foundation, applied 
mathematics, does not take into account the human being as a human 
being but rather as human machine; it has a logical positivistic tradition. 
The problem with the former one is that it has very little scientific 
foundation. Most of it comes from the field of business administration, 
hence administrative data processing, which means traditionally also a 
logical positivistic approach. As shown by the studies of Culnan (1986, 
1987) and Culnan and Swanson (1986), the discipline of management 
information systems has had very little influence from sociology; thus it 
has been rather isolated from the phenomenological and hermeneutic 
foundations. 

This leads us to the dilemma that people working with sociotechno-
logical systems either do not worry about the theoretical foundation 
(thus ad hoc solutions) or if they do worry, often fall into the trap of 
using engineering or economic foundations; all these approaches are 
reductionistic. Those who try to use sociological foundations encounter 
the dilemma of how to unify this with the logical positivistic tradition of 
computer science. For example, whereas purely social systems seldom 
permit employment of more than the nominal and the ordinal scale, 
technological systems require the interval and the ratio scale as well. 
Thus we need a bridge between these two aspects—the determinative 
one and the normative one. However, the division into two approaches 
is reductionistic in itself. 
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Here we try to use systems thinking as an epistemological base for 
further inquiry in the hope that it can give us a unified umbrella for 
both the normative and the determinative aspects. This approach em-
phasizes the concept of system, unlike the traditional disciplines that 
study only particular properties of a phenomenon; therefore systems 
thinking can be seen as  metascience.  

As explained by Pichler (1990), problems formulated in areas of 
telecommunications and control engineering were prime contributors to 
the development of systems theory. In addition, biology was a main 
developer of systems thinking that led to general systems theory (von 
Bertalanffy, 1968) and cybernetics (Wiener, 1948). We will use some 
inspiration from biology in our design process later. 

Now, however, we will try to position socioinformatics using a tool 
borrowed from systems thinking, namely Boulding's "system of systems" 
(Boulding, 1956); see Figure 1. 

In his classical paper "General systems theory—the skeleton of 
science," Boulding (1956) defined our universe of discourse as a system 
of systems in which all the known and unknown phenomena are 
classified into nine levels. As the number of the level of a system 
increases, so does the complexity of the systems at each level. Level 
one, the simplest one, is the level of frameworks or static structure. It 
involves the description of static relationships—for example, mapping 
of the solar system, a cell, or an atom. The second level is the level of 

Figure 1. The profile of Boulding's (1956) "system of systems" and the position of 
Socioinformatics and computer science in relation to it. 
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clockworks, and represents simple dynamic systems with predetermined, 
necessary motions. An example of such a system is the solar system 
itself, the great clock of the universe from the human point of view. The 
third level is that of thermostats or cybernetic systems. It differs from 
the simple stable equilibrium system mainly in that transmission and 
interpretation of information are essential parts of the system. This 
means that the equilibrium position is not merely determined by equa-
tions of the system; the system will move to maintain any given equilib-
rium, within limits. The fourth level is the level of the cell, or open, 
self-maintaining structure. This is the level at which life begins to be 
differentiated from not-life. The fifth level is called the level of the 
plant, or genetic-societal systems. Here we can distinguish a division of 
labor among the cells from a cell society with differentiated and 
mutually dependent parts. The next level, the sixth, is the level of the 
animal, which is characterized by mobility, teleological behavior, and 
self-awareness, a developed nervous system leading to the brain. The 
seventh level is the level of the human. The main difference from the 
animal level is that the human being possess self-consciousness, which is 
different from awareness. This mean that we know that we know. Social 
organizations create the eighth level. Here each person has one or 
several roles that are part of the person; the social system is then 
defined as a set of roles tied together with channels of communication. 
Finally, we have the ninth level, called transcendental systems, where 
the ultimate and absolutes and the inescapable unknowables are allo-
cated and exhibit systematic structure and relationship. 

Although this is one possible classification of systems, it might be 
useful to reflect on the complexity of socioinformatics. Whereas the 
work of computer scientists is allocated to level three, cybernetic 
systems or thermostats (i.e., analysis, design, and construction of com-
puter artifacts), the work of socioinformaticians would be allocated to 
level eight, social organization. Their work is characterized by defining 
an organization's goals and objectives, defining the present situation, 
defining problems and opportunities, and defining a solution, which 
often take shape of an organizational redesign to be followed by the 
design of the information system. This leads us to the complexities of 
the inseparable nature of the social organization and its information 
system. Figure 1 illustrates this discussion. Thus the focus of socioinfor-
matics is not on developing new hardware or software but rather on the 
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organizational context of this technology and its implications for human 
beings, social organizations, and societies. 

Systems theory that has its roots in telecommunication and control 
engineering can help us in dealing with systems of levels one, two, and 
three; it gives limited support on the higher levels. Biological founda-
tions of systems theory give support for levels four, five, and six but not 
for the higher levels. If we consider the position of socioinformatics to 
be on level eight, the support of systems thinking will be rather limited. 
Therefore we must find additional inspiration in order to obtain a 
better foundation for socioinformatics. This inspiration is given by  
multimodal  thinking as presented by de Raadt (1991). It is based on 15 
modalities or dimensions (these are numerical, spatial, kinematic, physi-
cal, biotic, sensitive, logical, historical, lingual, social, economic, aes-
thetic, juridical, ethical, and pistic) with which to try to understand the 
order of our existence. These range from the hard ones, mostly determi-
native, to the soft ones, mostly normative. These modalities represent 
the different phenomena that can be identified in the real world and 
that are irreducible with respect to each other. Figure 2 shows the 
relation of system of systems and  multimodal  thinking. Although we will 
not focus on  multimodal  thinking in this paper, it justifies the assump-
tion of systems science as an epistemological foundation for socioinfor-
matics. 

Imperative Epistemology 

Although the preceding discussion positions or describes the socioinfor-
matic approach, we need more than description and explanation be-
cause we are about to design as well. Therefore we need a theory of 
design with an imperative logic that can be an epistemological guide for 
the design process. This theory of design is given by Newell and Simon 
(1976) and Simon (1977, 1979, 1981a, 1981b, 1982). An extensive motiva-
tion for such approach is given by van Gigch and Le Moigne (1989). 
Thus we will discuss it only briefly. The following is given by van Gigch 
and Le Moigne (1990). 

Simon's entire approach rests on Newell and Simon's (1976) symbol 
system hypothesis, that complex systems, such as the human brain, can 
be modeled and operated as a physical symbol-processing system. It 
tells us that the availability of the basic symbol-manipulating processes 
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Figure 2. The relation of systems of level eight of the system of systems (Boulding, 1956) 
and  multimodal  thinking (de Raadt, 1991). 

that are used by computers provides the necessary and sufficient condi-
tions for an artificial system to exhibit and to be endowed with intelli-
gence. 

Theory of design that is based on the symbol system hypothesis 
guides the design of the artificial. According to Simon, in most systems, 
natural attributes are inextricably blended with artificial attributes. 
Natural attributes are those that actually pertain to and can be ob-
served in real-world phenomena. Artificial properties are the result of 
human intervention. When this approach is applied to the design of 
computer-based systems, Simon postulates hypotheses that govern the 
information and cognitive processes of natural systems (i.e., human 
beings). Knowledge of these processes is then used to imitate these 
natural systems with artificial, information processing systems that 
exhibit the same behaviors, capabilities, or skills. This approach tells us 
that computer-based systems are not defined by what they are in the 
organization; instead, the attention is focused on acquiring an under- 
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standing of the logics underlying information processing, as exemplified 
in human beings, and inferring what the system ought to be like, which 
can be done only from a metalevel. 

When Simon's outlook is adopted, with the computer-based system 
deliberately designed to exhibit the thinking skills of the individuals in 
the organization, the computer-based systems and thus the information 
systems become synonymous with the organization at the representation 
level, instead of being considered separately and independent of it. 

In summary, Simon's approach focuses on the importance of design 
instead of analysis, on endowing artifacts with intelligent skills and 
organizations with teleological cognitive behavior. Thus the computer-
based system (and therefore the information system) becomes coinci-
dent with the organization instead of being an organizational subsystem. 

GLOBAL PERSPECTIVE 

In this part we discuss the present and the future of our globe. This 
wide perspective is of importance, because by understanding the envi-
ronment of an organization we might get a better chance to understand 
how to design it for the future. 

There have been propositions of a holistic view of the earth, such as 
the Macroscope (de Rosnay, 1979) and the  Supranational  System of 
Living Systems Theory (Miller, 1978). One of the propositions receiving 
the most attention in this century has been the Gaia hypothesis (Love-
lock, 1979, 1988, 1991). It proposes that the earth should be seen as a 
living  superorganism,  with the evolution of the species and the evolution 
of their environment tightly coupled together as a single and insepara-
ble process. This connectedness of all living and nonliving things in our 
planetary ecosystem provides an image of the earth that stimulates 
thought about the processes regulating our biosphere. The Gaia hypoth-
esis describes a planetary equilibrium that has existed for more than 3 
billion years. In this concept, human activity is simply one of many 
forces in the immense, self-regulatory planetary system and has no 
special significance. Viewing human civilization as largely irrelevant can 
bring little insight into our future. 

Another significant work is the  Metaman  hypothesis (Stock, 1993). 
We consider this hypothesis as significant for our global investigation 
and will therefore present it briefly here. 
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The Metaman 

The kernel of the  Metaman  is that human civilization is now organizing 
itself into a dense net of activity that is spreading over the globe and 
consciously reshaping large regions of its surface. This  superorganism,  a 
community of organisms, is so fully tied together that it is a single 
being; it includes the crops, livestock, machines, buildings, communica-
tion transmissions, and other nonhuman elements and structures that 
are part of the human enterprise. 

Only a hundred years ago, humanity was still fragmented, living in 
relatively independent and isolated regions. Today humankind is in-
creasingly bound together by a dense network of communication links 
and trade systems. We are joined not only by obvious physical pathways 
such as highways, railways, and phone lines but also by a myriad of 
hidden connections. Modern technology is now drawing humanity into a 
cohesive entity in which activities are highly interdependent. Many 
businesses must stop their activities when the phone line fails. We can 
sit and relax in our living room as images from around the world parade 
before us on television. The whole structure of modern society is like an 
animal's tissue, continually maintained and renewed through unceasing 
activity. Left untended, our vast farmlands would soon be parched or 
overrun by weeds; our highways, buildings, and machines would gradu-
ally disintegrate. 

In order to achieve a more holistic perspective we need a retrospec-
tive view of our earth and its living beings. What is most evident about 
the evolution of life thus far is that living things have become ever more 
complex. Transitions to new levels of complexity have been exceedingly 
rare, having happened only three times in the entire history of the 
earth. 

The first leap, which took place more than 3.5 billion years ago, was 
the tight association of biochemicals into primitive bacterialike cells. 
This is the fundamental transition: the passage from the nonliving at its 
most complex to the living at its simplest. The second transition, some 
2.1 billion years ago, was the evolution of higher cells, called eukaryotes. 
These arose from a symbiotic union of bacteria and are more complex 
than bacteria and as much as 10,000 times larger. These higher cells 
reproduce in a more sophisticated way than bacteria, have many sepa-
rate internal compartments and specialized structures, and house their 
genetic material within a distinct nucleus. The third transition was the 
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organization of these larger cells into multicellular organisms, some 700 
million years ago. This opened extraordinary new possibilities by en-
abling cells to move beyond their individual capacities. In this third 
phase of life's evolution, cells could begin to specialize and collaborate, 
thus building and refining much larger forms—bodies. The distinction 
between starfish, lizard, and human being comes from different ar-
rangements of cells, not from differences in the fundamental properties 
of cells. This hierarchy of evolutionary change is the key to compre-
hending the extraordinary significance of human civilization, because 
life might now be in the midst of a fourth evolutionary transition. 
Humans are grouping into a social  superorganism  bound together by 
technology—the  Metaman.  Perhaps there will be a fifth transition in 
the future in which our globe reproduces itself? 

A key to the fourth evolutionary transition was the evolution of a 
brain that would enable rich and diverse collaborations among individ-
ual humans. Such collaboration has made possible the complex commu-
nication and behavior that have been so crucial to the accelerating 
cultural process that has transformed human life. Now, with the arrival 
of modern technology, particularly electronic communications, human 
society is becoming an organic whole with internal dynamics such as 
expanding communication and trade that are the dominant factors in 
shaping civilization. Because  Metaman  appears more technological than 
biological, this fourth evolutionary leap may seem completely different 
from the previous three. But technology and biology are more closely 
related than they might seem at first. Consider shells and teeth; al-
though not alive or even made of organic materials, they are part of an 
animal's body because they were deposited by its cells and are inte-
grated into its form. The same can be said about the machines and 
other human creations that cement civilization together and are so 
integral to the Metaman's existence that they are part of  Metaman.  

Although, the idea of  Metaman  at first might sound rather mecha-
nistic, one of the main differences from the Gaia hypothesis is the focus 
on humanity, on trying to understand who we are and how we fit into a 
larger scheme of life. Comprehending the biological nature and signifi-
cance of modern civilization is the key to understanding the future of 
humankind and offers important new perspectives on the environmental 
and social concerns of today. 

Understanding  Metaman,  however, reveals that hope for the future 
need not lie in some miraculous transformation of human nature. As a 
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developing  superorganism,  human society has only begun to regulate 
itself on the vast scale necessary to ensure its survival and vitality. 
Individual humans, although still actively pursuing their own immediate 
self-interests, are doing so within an ever tighter envelope of social 
control. Restrictions on toxic waste discharge, emission standards for 
cars, and other efforts are not the result of individuals responding to 
immediate danger but rather a collective response to chronic, distant 
threats. This response, feedback, is the key to our future. 

Indeed, the distinction between living and non living systems is 
becoming blurred, as showed by the current evolution of  biochips  
and genetic manipulation. (Linstone & Mitroff, 1994) 

As noted by Haygood (1995), however, the proposition of the  
Metaman  does not examine in any depth the forces that may run 
counter to the concept of  superorganism.  The possibilities that increas-
ing complexity and diversity have the potential for separateness as well 
as synthesis and that units of the physical world tend to disintegrate are 
not explored. Considering the issue of human impulses to tribalism, 
nationalism (emotionality), or social segregation that have left societies 
in ruins many times in recent as well as past history, the  Metaman  
proposition takes the long-range view and states that these cultural (or 
normative) dynamics will subside because "the patterns of our planetary  
superorganism  eventually are certain to dominate" (Stock, 1993). 

Thus we have come to the conclusion that technology alone cannot 
guarantee humanity's well-being; social mechanisms for directing and 
applying technologies in a way that takes into account the normative-
oriented modalities of our existence as well are also needed. If not, 
there will not be any  Metaman;  the society will disintegrate and col-
lapse. An example of a mechanism that focuses on civilization and 
humanity is the  multimodal  theory (de Raadt, 1991). 

The challenge we face is to control technology intelligently, so that 
it enhances our humanity. (Linstone & Mitroff, 1994) 

Global Problems 

One of the most important abilities of humans is to identify problems. 
Let us therefore return from the magnifying perspective to the present 
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problems of our civilization in order to use these as a catalyst for the 
design process. 

Although many problems can be identified, there are some major 
ones that are often presented in the literature (Linstone & Mitroff, 
1994). Overpopulation is one major problem; the number of human 
beings is increasing while the surface of the earth is not changing. In 
1959 there were 2.5 billion people, in 1987 about 5 billion, and the 
prognoses for the year 2000 predict 6.3 billion. This problem creates 
another problem, the exhaustion and distribution of resources. We are 
consuming more and more while the resources are finite. The gap 
between the rich countries and the poor countries is well illustrated by 
the fact that 20% of the population of the earth lives in developed 
countries but that same population consumes 80% of the resources. 
Another big concern is the educational problem; there are more and 
more people and more and more knowledge, but there are fewer people 
who have all this new knowledge. This is reflected in the problem of 
democracy. In 1840 about 1% of the world's population lived in institu-
tional democracies; today the total has passed the 40% mark (Linstone 
& Mitroff, 1994). 

The dissatisfaction and frustration of people in the underdeveloped 
nations in a combination with some crazy leaders may create fanatic 
power with consequences not unlike or even worse than those of the 
Gulf crisis. In fact, one of the major problems of that crisis was the 
environmental disaster caused by the oil discharge. This leads us to 
another urgent type of problem, the environmental one. Today  Meta-
man  has two types of environmental problems: natural ones, which have 
always been around, and problems artificially created by the age of the 
machine, which have emerged in the modern era. Those of the first type 
are phenomena like volcanic eruptions, earthquakes, forest fires, ty-
phoons, and epidemics. Disasters of the second type are wars, dis-
charges of oil or radioactivity (Exxon in Alaska, Chernobyl in the Soviet 
Union), chemical discharges that result in acid rain, the ozone hole, and 
so on. 

Other types of problems are related to the world of business. 
Modern information technology has erased the traditional national 
bounders. Transactions are made over the whole globe faster than was 
possible before within a country or even a city. The old control mecha-
nisms are no longer of any use; powerful multinational companies and 
currency speculators manipulate a whole country's economics, which 

172 



Appendix 

ORGANIZATION INFORMATION SYSTEM 	 247 

may lead to devaluation of a country's currency and increased unem-
ployment and social problems. 

Problems of criminality and violence are emerging and increasing in 
almost all parts of the globe; it is becoming customary to carry knives 
and guns. 

It is obvious that both determinative and normative aspects of our 
existence are affected by technology; it seems, however, that our readi-
ness to control the latter is gone. 

THE NATURE OF SOCIOTECHNOLOGICAL SYSTEMS 

Catastrophes like oil discharges, manipulation of a country's economy, 
modern businesses, command systems of armies, and so forth, are 
characterized by being sociotechnological systems; in fact, most modern 
organizations can be considered as such systems. Therefore it is inter-
esting to understand some basic characteristics of such systems. This 
can, of course, be done in numerous ways. We will make an attempt 
here. 

The most basic characteristic of sociotechnological systems is that 
they consist of living (i.e., human) beings and nonliving things; here we 
have a special focus on computers. The interactions between the living 
and nonliving might be what move us toward the  Metaman  perspective. 

Interactions and Couplings 

A simple way to understand a system is to observing the interactions 
and couplings within the system and with the environment of the system 
(Linstone & Mitroff, 1994). It is useful to distinguish between two kind 
of interactions, simple ones and intricate ones (Linstone & Mitroff, 
1994). Simple interactions can be exemplified by the production line 
assembly. There are many interactions, but they occur in sequence. In 
intricate interactions, the situation is messier; for example, in a nuclear 
power station a component might be affected by virtually all other 
components and feedbacks. 

Another important feature of systems is the couplings. Tight cou-
pling denotes lack of a buffer or slack between two components. Loose 
couplings correspondingly indicate lack of tight control. Tight coupling 
means close supervision and rapid response to changed requirements. 
Loose coupling means some local autonomy, ability to make spur-of- 
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the-moment adjustments and substitutions. Combining these two char-
acteristic of systems results in the following (Linstone & Mitroff, 1994): 

1. Simple interactions plus tight couplings: dams, some drug process-
ing plants 

2. Simple interactions plus loose couplings: post office, most manufac-
turing plants 

3. Intricate interactions plus tight couplings: nuclear power plant, 
space mission 

4. Intricate interactions plus loose couplings: universities,  R  &  D  facil-
ities 

It is of great interest to know how to manage such systems. 
Experience shows that systems of type 1 are best managed in a central-
ized manner, whereas those of type 4 operate best in a decentralized 
way. For type 2 both centralized and decentralized types of management 
work. Systems of type 3, however, present a real dilemma. For tightly 
coupled systems centralization is desirable, but for intricate interactions 
decentralization is preferable. As noted by Linstone and Mitroff (1994), 
as we move into the twenty-first century, systems of type 3 must be 
expected to become the dominating ones. The obvious question that 
emerges is, how do we manage such systems? The answer might be by 
incorporation of information technology that can allow simultaneous 
centralization and decentralization. 

The Nature of the Complexity 

The perceived complexity of a system is one major factor that justifies 
the discipline of systems science. Although the systems science commu-
nity has been active for some decades, there is no common definition of 
complexity. There are numerous definitions of complexity; see, for 
example, Flood and Carson (1993). We consider that complexity should 
be defined in terms of at least three systems: the system in focus that is 
observed, the environment around the system in focus, and the system 
that is observing, that is, the human being. 

We will, however, reduce our discussion of complexity to the 
observed system, the system in focus, and ignore the other two in order 
to simplify our reasoning. If we consider only the observed system, we 
can adopt the definition of a system given by  Klir  (1991); it states that 
S = (T,  R),  where S = system, T = things, and  R  = relations. Linstone 
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and Mitroff (1994) then give as a definition of complexity that fits the 
definition of the system appropriately. This is I = (2' — 1)2, where 
I -= interactions (relations) and  n  = the number of things or compo-
nents. This definition tells us that within a system that consists of only 
three components there might be 49 possible interactions. A system 
with four components might have 225 interactions. What about systems 
with 10 or 1000 components? Still, this definition is rather reductionis-
tic; it assumes that each component has only one property that inter-
acts, that the system is independent of the observer, and that the 
environment has no influence on it. 

The problem is that the tradition of the engineering community is 
to design idealized systems that are not supposed to break down, that is, 
fail-safe systems. This approach assumes, which in turn affects the 
course of engineering action, that we can have full knowledge of a 
system. Considering the discussion of complexity and the formula above, 
however, it is clear that it is impossible to know a system completely, 
which was stated earlier by Ashby (1956) in his principle of darkness. If 
it is not possible to know a system completely, how then is it possible to 
design and construct fail-safe systems? It is not! This means that it will 
never be possible to design complex systems that will not fail. Thus 
should we perhaps quit our attempts to create such systems? 

The Nature of Human Beings 

In sociotechnological systems such as modern business organizations or 
military command systems, the human being is a major factor of 
concern. How often do we hear on the news that a major cause of a 
system failure such as an oil discharge was the human factor? Thus it is 
of interest to try to understand the behavior of human nature. For this 
we take some inspiration from the emergence of soft system thinking. 
The work of Churchman (1961, 1970), which is based on Kant's (1929) 
and Jung's (1926) work, has shown that there are two inseparable sides 
of human beings: the rational and the emotional. Observations, thoughts, 
and feelings cannot be separated. It is not challenging to find that most 
artifacts, from videocassette recorders and cars to nuclear power sta-
tions and oil tankers, are designed and constructed for rational human 
beings. This is, of course, a reductionistic approach. The implication 
would be that we should accept the irrationality and switch the ap-
proach to design of systems for the whole human being and not only the 
rational part. 
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From Fail-Safe to Safe-Fail Approach 

To deal with the problems discussed above, we turn to biology for some 
inspiration. Nature has designed very complex systems, living systems, 
for over 3.5 billion years. Thus it should be possible to learn something 
from it. 

If we consider the best-known complex living systems, human 
beings, we are not designed never to fail. Most of us get sick sometimes, 
break a leg, or something. The human body, however, is designed to be 
cared for by itself and nowadays by other human beings as well, the 
medical doctors. If not, we will die. Thus the design approach is not 
never to fail (i.e., to be fail-safe) but rather to be safe-fail within a 
boundary of limitations (Linstone & Mitroff, 1994). 

Nature has designed for billion of years; through intelligent behav-
ior such as adaptation, learning by feedback, and evolution it has 
created human beings, and how well has it succeeded! 

Determinative and Normative Design — The Key to 
Sociotechnological Systems? 

The discussion above implies that it is impossible to know a complex 
system completely because of the nature of complexity, so it is impossi-
ble to design fail-safe systems. The biological approach tells us that 
systems might be designed with intelligence and become safe-fail. The 
rational and emotional nature of human beings tells us that we must 
accept the irrationality of human beings and design systems with this in 
mind. This emotionality is especially reflected in the upper modalities of  
multimodal  thinking (de Raadt, 1991), such as ethics and aesthetics, 
which are above the biological modality. Therefore in designing so-
ciotechnological systems the biological approach must be enforced by 
normative design. Just as it is not possible to learn to ride a bicycle from 
a book, biological phenomena cannot represent ethics and aesthetics. 
For example, the catastrophe of Exxon's oil tanker, which probably had 
its cause in alcohol consumption by the captain of the ship, is a clearly 
irrational activity that should be controlled by the normative design 
(and probably is). However, after the catastrophe of the rather modern 
and sophisticated system, the ship, the design of the rescue action was 
rather primitive; human beings were walking on the beaches and 
picking up oil by hand. The determinative design of the sociotechnologi-
cal system was not to take care of itself, that is, to be safe-fail. 
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The conclusion is that we have to design both determinative and 
normative, intelligent sociotechnological systems that are managed si-
multaneously in a centralized and decentralized way. The focus of the 
following discussion, however, is on intelligent sociotechnological sys-
tems and later on intelligent computer-based systems. Thus the norma-
tive design is not focused on here, although it perhaps is the aspect that 
deserves most attention today. 

INTELLIGENT ORGANIZATIONS 

Biological Inspiration 

We consider biological evolution as a source of inspiration for our 
design. This evolution is characterized by survivability, adaptation, and 
diversity and seems to take place at the boundary region between order 
and disorder. One way to depict the evolution of complex systems is as 
altering between processes of separation and combination, fragmenta-
tion and integration, or decentralization and centralization (Troncale, 
1990). A hierarchical system like a small company grows until it can no 
longer be effectively controlled centrally. Then it separates into smaller 
units with considerable autonomy. When there is too much decentral-
ization and the system is no longer effective, reunification occurs, 
usually at a higher level of complexity than existed previously. In other 
words, successful evolution proceeds to increasing system complexity by 
periodic restructuring involving swings between differentiation and inte-
gration. Chaos and order, feedback, and self-organization have worked 
remarkably well in advancing the evolution of living systems (Linstone 
& Mitroff, 1994). 

Toward Organization Information Systems 

The biological inspiration, the  Metaman  perspective, the demand for an 
intelligent organization system, and Simon's design theory direct our 
attention toward the works of Le Moigne and van Gigch on organiza-
tion information systems (OISs) (Landry & Le Moigne, 1977; Le Moigne, 
1974, 1985, 1986; Le Moigne & Sibley, 1986; van Gigch & Le Moigne, 
1989, 1990). One of the main problems seen in that work (van Gigch & 
Le Moigne, 1990) is that the management information system (MIS) 
discipline is technology driven. Information systems (ISs) of organiza-
tions are seen as adjuncts, where the IS is defined in terms of informa- 
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tional needs of the organization and the managers they serve. This 
partial view, however, fails to take into account the multifaceted aspects 
of information technology and disregards the true role that an IS may 
play. 

The main idea of the OIS proposition is that the organization and 
its information systems should be seen conceptually as a single system, 
instead of seeing the IS as a subsystem of the organization, and then 
perhaps the design process will access new systemhoods (Rosen, 1986). 
Furthermore, the whole system—the organization and its IS—should 
be seen as an intelligent artifact (van Gigch & Le Moigne, 1990). 

The basis of that approach is the symbol system hypothesis of 
Newell and Simon (1976) and Simon's (1981a) theory of design. The 
result is that the organization can be represented by its information 
system, which by deliberate design is artificially endowed with intelli-
gence and design capabilities. Therefore the organization becomes an 
intelligent artifact. In this approach ISs are not defined by what they are 
in the organization; instead, attention is focused on acquiring an under-
standing of the logics underlying information processing, as exemplified 
in human thinking, and then trying to formalize this knowledge in the 
form of computing processes and programs (van Gigch & Le Moigne, 
1990). 

The organizational model in the OIS proposition is changed from 
the traditional cybernetic one to a systemic organization model (Le 
Moigne, 1986; Le Moigne & Sibley, 1986; van Gigch & Le Moigne, 
1990). In the latter the organization is seen as a complex system that is 
at the same time operating and transforming itself, organizing and 
self-organizing, informed and informing, autonomous and dependent on 
its goal seeking, as well as establishing its own teleology, ordering and 
self-ordering (van Gigch & Le Moigne, 1990). In such a view the 
organization is not seen as an entity or a state but must be understood 
as resulting from the irreducible, recursive, and conflictual conjunction 
of three fundamental functions: 

1. To maintain and self-maintain 
2. To produce and self-produce 
3. To relate and self-relate 

According to the modern view, the organization is an organizing 
social construct that defines itself as a complex interaction and on the 
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basis of this the organization establishes its own autonomy, which is 
ephemeral. It constantly and continuously reestablishes itself in a differ-
ent configuration. The organization is no longer defined in terms of the 
traditional management functions, such as decision making or problem 
solving. Rather, it is considered as a process through which it is 
formalized, transaction by transaction, in the course of its operations 
(van Gigch & Le Moigne, 1990). 

The traditional cybernetic model, which focuses on information 
processing and sees the memorization processes as an adjunct, fails to 
take into account the generic information (i.e., information created by 
the organization) and focuses on circulating information, which origi-
nates from outside. The systemic organizational model focuses on both 
generic and circulating information and takes into account both infor-
mation processing and memorization (van Gigch & Le Moigne, 1990). 

As noted by van Gigch and Le Moigne (1990), when Simon's 
outlook is adopted with computer systems deliberately designed to 
exhibit the information processing functions and the thinking skills of 
individuals—thus intelligent behavior—in the organization, the IS at 
the representation level becomes synonymous with the organization. It 
will be endowed with the individual and collective intelligence of the 
organization. This makes it possible to assume the existence of capabili-
ties such as memorization, communication, control, self-regulation, 
maintenance, self-testing, and other cognitive functions. 

COMPUTER-BASED SYSTEMS 

By now our design can be considered finished; we will, however, give 
some examples of implementations. First, we will give an example of an 
organization's computer-based system in which the distinction between 
office information systems and production management systems is 
erased. Second, we will give an example of an architecture of software 
design, based on object-oriented thinking and distributed artificial intel-
ligence. These are adapted from the work of Mentzas (1994). 

Integration of Office Systems and Production Management 

Systems 

Production management systems (PMSs) have seen a proliferation of 
research that aims at supporting work using advanced computer-based 
systems. Manufacturing systems are currently used for the integration 
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of numerically controlled (NC) machines with the real-time decision-
making capabilities of supervisory computers in order to reduce flow 
and setup times and achieve efficiency in manufacturing (Mentzas, 
1994). The trend of integration at the enterprise level has been to 
provide support to a distributed range of activities, which start from the 
design department, with computer-aided design (CAD) software; move 
to the production planning department, producing the work schedules; 
then move to the production control office, issuing shop orders; and 
finally to the NC machines. 

The advent of office information systems (0f1Ss) has been rather 
slow compared with the automation of production. These systems are 
represented by tools such as word processing, spreadsheets, graphics, 
database systems, and electronic mail (Mentzas, 1994). 

Current information technology support addresses 011Ss and PMSs 
as separate fields, although some computational requirements are the 
same and the underlying technology is based on common frameworks 
(Mentzas & Papageorgiou, 1993). At the same time, the common idea 
of the ultimate goal of enterprisewide decision-making systems is to 
streamline the process for greater productivity, reduced cost, improved 
quality and faster responses to customers' needs. Within this framework 
information must be routed constantly among the marketing, account-
ing, finance, and sales departments as well as the engineering, inventory 
control, quality control, production scheduling, and manufacturing de-
partments. The paperwork done in some departments is handled by the 
OfIS while the production work done in other departments is supported 
by the  PMS  (Mentzas, 1994). Following the OIS proposition, there is a 
need to integrate these two types of systems in order to provide 
consistent and coherent support for activities of an organization. 

Figure 3 presents an example of such an integrated view of an 
organization's computer-based systems in a manufacturing enterprise. 
Because most enterprises accept the importance of customers' require-
ments, this will be the starting point or driving force of a company's 
operations. Marketing research is essential for understanding cus-
tomers' needs and strategies of competitors. This information will help 
to set up and develop business strategies and plans. Here, intelligent 
behavior could be represented in goal-directed office tasks, calculation 
could be supported by intelligent spreadsheets, and the outcome com-
bined with strategic enterprise planning; see, for example, Mentzas 
(1994). Marketing research and plans determine the kind of products a 
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lafornsatiSn Flows 

Figure 3. Information and material flows of an organization. Adopted from Mentzas 
(1994). Reprinted from Information and Decision Technologies,  vol.  19, no. 4 by Gregory 
Mentzas, "Object-based intelligence in office and production processes. A view on 
integration," pp. 195-210, 1994, with kind permission of Elsevier Science-NL,  Sara 
Burgerhartstraat 25, 1055  KV  Amsterdam, The Netherlands. 
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company will produce. The specific descriptions of the products rely on 
design and manufacturing planning. Concurrent engineering enables 
the design and manufacturing divisions to participate in the design 
process so that the final design will be both manufacturable and 
functional. Expert systems are able to support this function of the 
design process as well as the automatic generation of classification 
codes and so forth (Gupta & Chin, 1989). Then control plans are 
developed to ensure quality during operations. Forecasts of demand and 
information on available capabilities and resources are used to generate 
manufacturing planning schemes. Here the traditional decision support 
systems have what-if simulation and quantitative analysis skills in order 
to help users reason on alternative paths and decisions. This could be 
an object of integration of mathematical programming and optimization 
techniques of operations research with the rules and frames of expert 
systems (Hendry, 1987; Phelps, 1986). The master production schedules 
lay out a time-phased product demand, and the material requirements 
planning functions determine the requirements for each level of the 
product's structure, the bill of materials. On the shop floor the produc-
tion schedule is adjusted, based on short-term available capacities, 
resources, and production orders. The complexity of computations and 
scarcity of expertise in production scheduling can be treated with 
artificial intelligent behavior that incorporates either simulation-as-
sisted scheduling expertise or dynamic knowlege acquisition through 
machine learning (Charalambous & Hindi, 1991; Mentzas, 1993). Oper-
ations at the production line focus on efficiency, productivity, and high 
quality. 

Architecture of Object-Based Intelligence 

Objects— Natural Building Blocks. Building big, complex computer-
based systems with the structured programming approach implies most 
frequently systems that are unmanageable because of complexity and 
bad structure. If some cognitive behavior is added on top of that, the 
systems will probably never be able to do what they were intended for. 
Having been inspired by the nature and the work of Taylor (1994), we 
will present some arguments that motivate object-oriented technology 
of computer-based systems, on which we will build further reasoning. 

The basics of object-oriented analysis, design, and programming will 
not be discussed here; we refer the reader to Jacobson et al. (1992) and 
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Rumbaugh et al. (1991). We will, however, define an object as a 
software package that contains a collection of related procedures and 
data. Procedures, also called methods and operations, are the behavior 
of an object; they are what an object can do. Data are the attributes or 
variables of an object; they are what an object knows. 

If we recall the  Metaman  proposition, living things are built of 
organic packages called cells, which, like objects, combine related 
information and behavior. Most of the information is contained in 
protein molecules in the nucleus of the cell; for example, a single 
human chromosome has an information content of 2  x  1010  bits (Lin-
stone & Mitroff, 1994). The behavior, which may range from energy 
conversion to movement, is carried out by structures outside the nu-
cleus. Cells are surrounded by a membrane that permits only certain 
kinds of chemical exchanges with other cells; this is homomorphic to 
encapsulation, that is, packaging related data and procedures together. 
The membrane both protects the internal workings of the cell from 
outside intrusion and hides the complexity of the cell, presenting a 
relatively simple interface to the rest of the organism. All interactions 
between cells take place through chemical messages recognized by the 
cell membrane and passed through to the inside of the cell. The 
message-based communication greatly simplifies the way in which cells 
function. The cells do not have to read each other's protein molecules 
or control each other's structures to get what they need from each 
other; they only broadcast the appropriate chemical message and the 
receiving cell responds accordingly. The cell is truly a universal building 
block. All cells share a common structure and operate according to the 
same basic principles. Within this basic structure, however, infinite 
variability is possible; for example, plant cells have a hard outer wall to 
make them rigid, blood cells are mobile and specialized to transport 
gases, and muscle cells are able to distort their shape to perform 
mechanical work. This tremendous variability is not chaotic; it is all 
neatly organized or classified in a hierarchy of specialized types and 
subtypes. 

Although the mechanics of cells and objects differ dramatically, 
their overall functions are remarkably similar. Both cells and objects 
encapsulate associated data and behavior, both make use of message-
based communication to hide complexity, both appear in a hierarchy of 
specialized types, and both provide the fundamental building blocks for 
constructing an infinite variety of complex systems (Taylor, 1994). 
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The Cognition of Objects. Important in the formalization of concepts 
is a model of the system itself. The models used to describe computa-
tional support in both office and production environments must repre-
sent the inherent characteristics of the latter. Mentzas (1994) argues 
that the computational models used to support office and production 
management work exhibit a number of common features. These fea-
tures are classified in two groups that correspond to the two different 
levels of system designed: the level of the single, independent element 
and the system level. Mentzas follows Grant (1992) and distinguishes 
between the system architecture (i.e., the global, top-level design of the 
entire system) and the internal architecture (i.e., the features of single 
computational elements). Fourteen features of abstract models are 
identified (Mentzas, 1994). The features referring to the internal struc-
ture are specialization, representation, effectuation, learning, adaptabil-
ity, planning, and intentionality. The features referring to the system 
architecture are parallelism, distribution, modularity, heterogeneity, 
communication, organization, and human interaction. For a description 
of these, see Mentzas (1994). 

Active Intelligent Objects. As argued by Mentzas (1994), organiza-
tional activities could be facilitated by the existence of software entities 
with autonomous processing capabilities, which have a private database 
and knowledge base and act on their environment on the basis of 
information they receive, perceive, process, retain, and recall. These 
entities are called active intelligent objects (AI0s). 

An AIO is defined as a goal-directed computational process that is 
rational, autonomous, and resource bounded and whose effectuation 
structure is hybrid (Mentzas, 1994). Rationality refers to the production 
of actions that further the goals of the object, based on its conception of 
the outer world. Autonomous behavior refers to an object that has goals 
and can select among a variety of goals that it is attempting to achieve 
(Mentzas, 1994). Recourse boundedness means that the objects are 
constrained by limited recourses and capabilities. A hybrid effectuation 
architecture can be realized by combining deliberative and nondelibera-
tive techniques. Deliberative techniques are used if an agent selects 
actions by explicitly deliberating on various options, by using an internal 
symbolic world model, by searching a plan space, or by assessing the 
expected utility of various execution methods. Nondeliberative means 
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that the choice of actions is preprogrammed, given the occurrence of 
certain environmental conditions (Mentzas, 1994). 

Each individual AIO is characterized by specific domains of exper-
tise, has the capacity to solve complex problems, and can work independ-
ently on problems tailored to its contextual subject matter. A10 systems 
are groupings of MOs that coordinate their knowledge, goals, skills, and 
plans jointly to take action or to solve problems (Mentzas, 1994). 

Figure 4 shows the structure of an A10. Each MO consists of a 
local knowledge base, a deductive capability, a planning facility, and a 
communication mechanism, which enables it to interact with other 
AIOs of its community. Finally, there is an inference engine that 
operates on this corpus of knowledge. Independent AIOs are modeled 
as active objects capable of reasoning in response to external stimuli, 
which may be requested for information, processing, or reasoning. For 
more details of AIOs see Mentzas (1994). 

Although the example above combines an expert system approach 
with an object-oriented approach, research might find it fruitful to 
combine neural networks, fuzzy logic, and expert systems with object-
oriented technology in order to build smarter systems. 

Figure 4. Structure of an active intelligent object. Adopted from Mentzas (1994). Reprinted 
from Information and Decision Technologies,  vol.  19, no. 4 by Gregory Mentzas, "Object-
based intelligence in office and production processes. A view on integration," pp. 
195-210, 1994, with kind permission of Elsevier Science-NL,  Sara Burgerhartstraat 25, 
1055  KV  Amsterdam, The Netherlands. 
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CONCLUSIONS 

The stated question was, What can intelligent artifacts mean for a 
command system? If we consider such a system to be a sociotechnologi-
cal system and adopt the theory of design of Simon, embedded intelli-
gent artifacts could lead the system to intelligent behavior in a way that 
could not be approached without endowing the system with intelligent 
artifacts. The system, however, being a sociotechnological one, should 
be designed in both a determinative and a normative way. 

The simultaneous decentralization and centralization that charac-
terize such a system would support the possibility of dealing with 
internal and external dynamics and heavy stress in particular and with a 
global perspective and viable sustainability in general. The switch from 
a fail-safe approach to a safe-fail approach of systems could be espe-
cially useful for dealing with security and viable sustainability. 

The final conclusion is that intelligent artifacts by themselves mean 
nothing for organizations in general and command systems in particu-
lar; it is the way we use or misuse that technology that matters. 
Fundamental guidance can tell us what is a good or a bad application of 
technology. 
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