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Systems Intelligence, Knowledge Systems and Darwin
Juhani Timonen
This chapter analyses Systems Intelligence concept using systems theoretic tools constructed by combining the traditional input-output presentation of a dynamical system with a model for organizational knowledge creation. The analysis reveals that the concepts of internal models and perception filters describe aspects of Systems Intelligence. An introduction to evolutionary models of knowledge generation is presented and a link between Systems Intelligence and favourable conditions of knowledge generating evolution is established.
Introduction

My aim is to dig deeper into some essentials of Systems Intelligence (Saarinen et al. 2004) by using tools of System Analysis and applying an evolutionary model of knowledge generation. I hope to find explanations for some Systems Intelligence fundaments and answers to the question: Why is Systems Intelligence a good idea?  
First I introduce the concept of Knowledge System, which is a uniform way to present knowledge processing agents, including individual human beings and their communities. I refer to the 5-A model of organizational knowledge generation, originally presented by Tuomi (1999a), and use the combination of Knowledge System concept and 5-A model to analyze an ‘archetypical’ example of lacking Systems Intelligence, presented by Senge (1990). The analysis reveals two sources of poor performance: narrow internal models and restricting percept ional filters. The connection between these findings and Systems Intelligence essentials is discussed.
In the second part of this text I discuss an evolutionary model of knowledge creation (Dennett 1995, Calvin 1997, Blackmore 1999). This model is based on a process that resembles biological evolution, but instead of processing genetic information takes place in the domain of ideas, thoughts and concepts shared and processed in   human communities. I point out the connections between some Systems Intelligence essentials and conditions of this evolutionary process, and propose that advantages of Systems Intelligence arise from its capability to amplify and accelerate the evolutionary knowledge creation process.
A Knowledge System and 5-A Model
[image: image8.wmf]I use the word System for an entity that has input, output, and state. I use the name Knowledge System (KS) to denote an agent capable of communicating, processing and storing information/knowledge. This definition covers as well a single individual human being as any community of people. I think that this viewpoint is useful here because it helps to illustrate one of the key characteristics of Systems Intelligence: the capability to see an individual as a part of a bigger system, and communities as subsystems of still larger systems. This is also one of the essentials in Systems Thinking as presented by Senge (1990).  
Communities and organizations are knowledge systems, and so are all individuals within them. Knowledge systems also may include the tools of the people for storing, processing and transferring data.  What is a single system is purely a matter of definition of the boundaries, as illustrated in Figure 1. Selection of boundary defines what is input and output of the observed system. If we look an individual as a system, then the input is the information she receives, the output are her actions, and the state is her mood, state of knowledge, emotions, beliefs, mental models etc., i.e. all that affects her behaviour in a given situation. If we choose to observe a company as a knowledge system, then input is the information flow from the outside into the company and any of its employees, and outputs are all communications or actions outwards from the company. The state is the combination of mood, emotions, values, knowledge, etc. of all employees, the ‘spirit of the company’, plus all knowledge that is stored in company’s files, documents, structure etc. The mutual communication of the employees is an internal process of the system and not its input or output.

What do the knowledge systems have in common, independent of the definition of the boundaries? What makes something to be a knowledge system?  Tuomi (1999a) has introduced a framework that he calls 5-A model. It defines the five essential knowledge processes of any knowledge system as shown in Figure 2.
 SHAPE  \* MERGEFORMAT 




Figure 2.  The “5-A model” of knowledge generation according to Tuomi (1999a).
[image: image9.wmf]The 5-A model has been applied e.g. by Happonen (2001) to analysis of Communities of Practice in product development work using real life development project case examples.

Figure 3 shows the 5 A’s of a Knowledge System emphasizing the input, output and the boundary of the system. 
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Figure 3. The 5 A’s of a Knowledge System.
According to Tuomi (1999a), knowledge generation, ‘learning’ of a knowledge system can take place in three different modes, that he calls Appropriation, Articulation and Anticipation. 

Appropriation is learning through input of information from outside the borders of KS. Anticipation is use of the system’s internal model of the world to produce forecasts about what is going to happen. There is a potential tension between the observations from the outside world and the results of anticipation. In cases when the information obtained from outside is in conflict with the anticipation, the system’s world model may suddenly break down causing surprises and producing new knowledge. 
Articulation is reconfiguring meaning relationships, such as classifying, finding similarities and other relationships between objects of thinking, or creating entirely new aspects around the existing accumulated or appropriated material. Thus this is the place where the creativity of a KS takes place.
Accumulation is needed because learning is incremental and always based on memory. Action means communication to outer world. This may take place in form of different languages or practical actions.  Generally, the result is some kind of physical artefact that is carrying data that can potentially be observed by some other KS. Examples are speech, written document, body gesture, a manufactured product or musical performance. 
	
	Human-in-society
	Community of practice
	Society

	Articulation
	Conceptualization; Imagination
	Dialogue; development of collective concepts, tools-in-use, practices, dialects
	Languaging; production of institutions and practices

	Appropriation 
	Imitation; acquisition of language and systems of theoretical concepts; socialization
	Integration of boundary objects; interpretation; adoption of institutions; adoption of language
	Structural drift; expansion of community practice

	Anticipation
	Creation of models; formation of habits 
	Formation of routines; creation of plans
	Formation of routines; legitimation of institutions; negotiation of interests?

	Accumulation
	Models; habits; history; abstractions
	Praxis; tools; stories; metaphors; paradigms;  systems of concepts; dialects
	Culture; customs; language; institutions

	Action
	Communication; practical action
	Communication; practical action; activity
	Communication; reproduction of culture; integration of communities


Table 1.  Knowledge processes on different levels of hierarchy according to Tuomi (1999a). 
Our illustration of knowledge system is ‘scale-invariant’. It can as well be applied to an individual human being as to a community, the five A’s can mean a lot of different things, depending what level of hierarchy we are talking about. Table 1 shows the contents of the five knowledge processes at three different levels of analysis: individual human-in-society, a community of practice, and an entire society (Tuomi 1999a). 

Internal world model
[image: image10.wmf]Internal dynamic world models are a very essential part of the accumulated knowledge of a knowledge system. The system uses these models to produce anticipations of events either in physical reality or in the world of concepts. Senge (1990) speaks about Mental Models. As a matter of fact, an individual mind mostly interacts with its own (mental) world model and the senses are used to validate the model and to add new material to it. So also the appropriation of new knowledge is guided by the model and any data that does not fit into the model tends to be ignored, and not recognized as data at all (Tuomi 1999b).  Furthermore, our feelings and opinions about people or groups of people mostly reflect our mental models, i.e. assumptions about how other people are. These models are only occasionally verified or adjusted based on the cues and clues that we obtain by (selectively) observing the actions of others.

In the following, I shall use the term Internal (world) model instead of Mental Model to emphasize that like individual persons, also communities have their models that enable the anticipation. These need not necessarily be only mental, but can be partially explicit data structures, forecast methods, written statements, etc. 
Internal models are not limited to anticipating events and developments in the real world, but they have the capacity for simulation, i.e. we use our internal world models to find out what would be the likely outcomes of our alternative actions towards the external world. This simulation capability is essential for intelligent behaviour and could be the most essential feature that differentiates humans and their communities from other animals. As far as we can know, other animals have to try and err in real world terms, whereas we can imagine consequences of alternative actions and abandon those approaches that according to the model response seem likely to fail. As Popper (1963) puts it, the use of models allows ‘our hypotheses to suffer in our stead’. An erratic mental model may cause unintended inadequate actions, surprises and disappointments, when the responses of our environment to our actions are not as we expected.  
Only a small part of our world models is explicit knowledge, i.e. in the domain of our consciousness. There is a large background of tacit knowledge that consists of emotions, automatic skills, association links etc., which are not articulated consciously, but which shape the knowledge processes.
Analyzing an example of lacking Systems Intelligence

Business organizations are knowledge systems that have been formed around some processes that exist by design. A business organization brings together a group of people who, besides running the well-defined business processes, bring into the organization all their human capabilities and richness of social interaction. This is essential because the business processes are always only a part of the business. The survival and success of an enterprise asks for high adaptivity, problem- solving, innovation and capacity of renewal. 

Human crew brings into the company the blessings of human creativity and growth potential and the richness of social interactions. Humans and teams may, however, also act in ways that are counterproductive regarding the organization’s fundamental objectives. Peter Senge has been searching patterns of regularity in the unplanned ‘side effect’ behaviour of business organizations. He calls his findings ‘archetypical systemic behaviours’.  
Let’s take Senge’s “Shifting the Burden”- archetype as an example:
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Figure 4. ‘Shifting the burden’- archetype by Senge (1990).
In this archetypical case, an organization is facing a problem. Certain symptoms of the problem are visible to the organization (e.g. the management team), but the real problem behind the symptoms may be poorly understood. A short-term ‘symptomatic solution’ is used to correct the problem, with seemingly positive immediate results. The symptomatic solution can, however, have adverse side effects that make the fundamental problem worse, maybe with delay. The situation leads to increased use of the symptomatic solution and worsening of the problem.
The dynamics become more transparent if we use the input – system – output- notation, like in Figure 5:
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Figure 5. Illustration of ‘Shifting the burden’- knowledge systems and processes

The whole system consists of two Knowledge Systems KS1 (the actor) and KS2 (the system observed and influenced by the actor). Of course they form together a composite knowledge system as well, but we select the (sub)system boundaries in order to make the relevant inputs and outputs visible and to name them.
The output of KS2 is R, which is here thought to include rich information about what happens in KS2. KS1 observes R but since the appropriation capacity of KS1 is limited by a ‘filter’, KS1 is capable of appropriating only S (the symptom), which is only a part of R. 
Furthermore, KS1 uses an internal model to anticipate the behaviour of KS2, and to decide about an action A in order to influence KS2. In the presented case the internal model is limited so that it only gives answer to the question

· If I do an action A’, what is likely to happen to S?
KS1 performs thought experiments with different imagined actions A’, and compares the imagined outcomes S’ with the actual observed symptoms S. Based on this, such action A is selected, which according to the internal model should improve the observed outcome S of the actual system KS2. To decide, what is an improvement and what not, KS1 uses values and criteria that are part of its accumulated knowledge and in a sense a part of its wider internal world model.  
The non-optimal behaviour of KS1 is caused by two sources of non-intelligent systemic behaviour:

1. The appropriation filter prevents KS1 from seeing the whole problem, which would be manifested in R
2. The internal model used by KS1 is about action-symptom only and does not include the relationship between KS1’s actions and the fundamental problem
These two reasons can be found in most of the archetypical cases presented by Senge (1990). For instance, in the case of the ‘Tragedy of Commons’ the adverse effects of archetypical systemic behaviour rise from the fact that knowledge subsystems optimize their own behaviour within their own subsystem limits only. This means that the internal models of the players are too narrow to include the benefits of cooperation and the ultimate catastrophic result of maximal hogging of shared finite resource. 
About filters, internal models and Systems Intelligence
[image: image11.wmf]Business science literature provides some interesting views to the concept of filters. Igor Ansoff in his classical book (Ansoff 1979) speaks of perception filter. In a later work (Ansoff 1984) the perception filter has been divided in three parts: Surveillance filter, Mentality filter, and Power filter. Ilmola and Kotsalo-Mustonen (2003) have presented a commercially available computer-aided method that assists in bypassing these three filters, when business organizations are looking for signals (especially weak signals) as input for their strategy formulation. The authors report dedicated methods for opening the three filters:
The surveillance filter, that defines the field of observation, is opened by 

· diversity of participants 

· non-restrictive focus in briefing the participants

· allowing observations in the form of paradox or contradiction

· using face-to face- context to transfer tacit information

The mentality filter is caused by the previous experience and the mental model in the way that information not fitting with the mental model tends to be neglected to ease the handling of the information. Mentality filter is opened by:
· explicating the mental model so that the ‘empty’ areas become visible

· relaxing the argumentation requirements

· using multiple interpretations, symbols, and metaphors

 The power filter stabilizes and delimits the results by aligning them with the existing, position- or expertise- related power structures.  Ways to open this are:

· anonymity of participants

· avoiding formal, well- defined measurement systems for assessing the results

· making decisions in the late state of the process

It is easy to see that the concept of filters has a lot to do with Systems Intelligence, or the constraints of it. The methods to open the filters are precisely same type of techniques we propose for enhancement of Systems Intelligence: ways to help the seeing through the eyes of another person, ways to get rid of narrow self-centered viewpoints, ways to see multiple truths and opportunities, ways to deal with fear and power games.
[image: image12.wmf]It seems that in the literature more emphasis has been given to the shortcomings and drawbacks of internal models of knowledge agents than to the necessity of adequate models. Ansoff (1979) mentions forecasting filter  meaning the limitations of the formal forecasting methods that a company uses. Also Senge (1990) emphasizes the limiting and erratic elements of mental models. An complementary ‘positive’ approach to this problem would be, trying to develop new sensitive receptors for new kinds of inputs, and trying to develop new better models to replace the abandoned stiff and erratic ones.  This would mean that:

· We recognize that we have and we need to have mental models
· We try to bring as much as possible of the tacit models into domain of consciousness
· We utilize the diversity of people to develop new kinds of models, to look from different angles, to look into the futures together
· We actively favour opportunity-oriented models

· We approve a multitude of parallel possible models and possibility of bifurcations

· We question the ‘not doing’- options against ‘doing’- options

· We do not build upper limits to our models by habit

Internal world models – our window for looking into the future – are in the core of Systems Intelligence, both on individual as on organizational level. Advanced understanding, skills and practice in this field are worthy goals.  
Themes and memes

Since the seminal work of Charles Darwin (Darwin 1859)
, it took a while for the scientific community to adopt the idea that all life forms on earth have been created by a blind process that through random variations and adaptive selection pulls order from chaos. Nowadays it is the commonly accepted explanation for the diversity of living things. Since 1970s, also many social behaviour patterns of human species have been explained through biological evolution within sociobiology, introduced by Wilson (1975).
The time scale of biological evolution is so slow that we need the evidence of fossils to really see the process. Even during the time of known history of mankind, there is not much documentation available about observed change of the species. Also the results of sociobiology mostly refer to invariant instincts and behavioural tendencies that are on the background of human societies. We need more than the process of biological evolution to explain the dynamics of culture, politics, science, business, technology, and other rapidly advancing social activities of mankind. We’ll now look at a possible explanation in terms of another evolutionary process, which resembles biological evolution, but is parallel and much faster, and owes much to Darwin’s basic discoveries.   
The apparent similarities of biological and cultural evolution have led the scientists to look for similar underlying drivers of these two phenomena, and actually all processes where complex design is being created from scratch. Biologist Dawkins (1989) introduced in 1976 the concept of meme, which is a term denoting the unit of cultural evolution, analogous to gene in biological evolution. This has given name for a new science of memetics. A basic outline of memetics can be found in a book of Dennett (1995), and a good popular introduction is presented in a book by Blackmore (1999).

[image: image13.wmf]Since mid 1990s, memetics has gained a lot of popular exposure, but is still seeking its place among the established scientific disciplines. There is a reflective discussion going on whether memetics is a real science, or just a conceptual framework (e.g. Edmonds 2003)
. Dawkins himself utters a warning about foolish use of analogies in places where they would not be useful (Dawkins 1986). There really may be the danger of stretching the parallel between gene and meme a little too far, since e.g. defining what is an unit meme and finding examples of such has not been an easy task. Also the central role of cross-breeding and the Lamarckian nature of memetic evolution process are clearly different from genetics.  
Nevertheless, there are such striking similarities between biological and cultural evolution processes that it is worthwhile to have a closer look at them. I think that it might be useful to replace the concept of meme in some cases e.g. with theme to enhance the general usability of this great conceptual framework, and e.g. to link it with the theory of Communities of Practice.
The basic assumptions behind memetic models are summarized by Calvin (1997)
, who defines the essential conditions for a Generalized Darwinian process, which is capable of ‘bootstrapping quality from scratch’, i.e. to create complex design from simpler structures. The essential six conditions of Calvin are:
1. There must be a pattern involved. 

2. The pattern must be copied somehow (indeed, that which is copied may serve to define the pattern). (Together, 1 and 2 are the minimum replicable unit - so, in a sense, we could reduce six essentials to five. But I'm splitting rather than lumping here because so many "sparse Darwinian" processes exhibit a pattern without replication.)
3. Variant patterns must sometimes be produced by chance - though it need not be purely random, as another process could well bias the directionality of the small sidesteps that result. Superpositions and recombinations will also suffice. 

4. The pattern and its variant must compete with one another for occupation of a limited work space. For example, bluegrass and crab grass compete for back yards. Limited means the workspace forces choices, unlike a wide-open niche with enough resources for all to survive. Observe that we're now talking about populations of a pattern, not one at a time. 

5. The competition is biased by a multifaceted environment: for example, how often the grass is watered, cut, fertilized, and frozen, giving one pattern more of the lawn than another. That's Darwin's natural selection. 

6. New variants always preferentially occur around the more successful of the current patterns. In biology, there is a skewed survival to reproductive maturity (environmental selection is mostly juvenile mortality) or a skewed distribution of those adults who successfully mate (sexual selection). This what Darwin later called an inheritance principle. Variations are not just random jumps from some standard starting position; rather, they are usually little sidesteps from a pretty-good solution (most variants are worse than a parent, but a few may be even better, and become the preferred source of further variants). 

With Table 2, I would like to point out the intuitive appeal of evolutionary models as explanation of knowledge generation. I have collected some examples of processes, where I think that knowledge is generated (from scratch) through a process that fits quite well to the above definition of generalized Darwinism. 
	Process
	Replicator
	Vehicle
	Variation
	Limited work space
	Selection factors in the environment

	1.Biological evolution
	Gene
	Individual of a species
	Combination, Mutation
	Ecological niche
	Probability of finding a partner, fertility, survival of offspring

	2. Culture evolution (according to memetic theory)
	Meme
	A person
	New ideas, modification, misquoting
	A person’s mind capacity
	Easiness of meme replication, remembering and proliferation

	2a. Democracy
	Political agenda
	Voter
	new ideas, modification through debate and experience
	Total number of votes available
	personality of proponents, the agenda’s match with the interests of the voters money available

	2b. Science
	Scientific theory
	Publications
	new ideas, modification through critique
	Approval and attention of science community
	Capability to explain/predict data, elegance, fit with existing results

	3. Business
	Business concept
	Company
	Strategic changes and innovations
	Markets (=money of customers and investors)
	Customer value, price competitiveness


Table 2. Examples of generalized Darwinian processes
Systems Intelligence and Darwin

Let us take the six essentials of a Generalized Darwinian Process of Calvin (1997) and look at them through Systems Intelligence glasses. It seems that the essentials of the evolution coincide with a few of the essentials in Systems Intelligence. I would interpret and combine them in the following way:
1. There must be a pattern involved.  - We are talking about thought patterns that are or at least could be shared between individuals. Such patterns are ideas, valuations of things, beliefs, terms to be used, concepts, mental models, etc. These are the raw material of any intelligent activity, individual or shared. 
2. The pattern must be copied somehow – Communicating is essentially copying thought patterns, more or less faithfully. Systems Intelligent practices like talking same language, sharing ideas and feelings, listening to others, appreciating the viewpoints of others all improve the copying of thought patterns.
3. Variant patterns must sometimes be produced by chance – Combining of the ideas of different individuals  - the cross breeding -  is an important generator of variety. So are unexpected systemic interventions, openness to fresh viewpoints, and conscious search for higher order change opportunities and multiple opportunities. Systems Intelligence stimulates the production of variant thought patterns.
4. The pattern and its variant must compete with one another for occupation of a limited work space. This is not explicitly a Systems Intelligence item, but whether we want or not, the limitations are always there; Any single person’s capacity to consciously focus on several thought patterns simultaneously is after all limited. This forces us always to do selections. 

5. The competition is biased by a multifaceted environment: When selecting, which thought patterns will live and which will be omitted, the value concepts like Good Life, Interest of the Whole System, and the forming of Shared Vision of the community will be favoured. That the selection criteria themselves are subject to evolution, adds a ‘double evolution’ dimension that increases the unpredictability of the process.
6. New variants always preferentially occur around the more successful of the current patterns. The idea of positive feedback that leads to the explosion of creativity is one of the essentials of Systems Intelligence concept: Successful joint innovation in a proper communication atmosphere produces enthusiasm and trust that spur innovation. Biological evolution sometimes produces similar explosions.  Dawkins (1986) gives an example of such positive feedback dynamics by explaining the evolution of peacock’s fan. 
Could it be that Systems Intelligence is essentially about creating and maintaining environments and circumstances, where the evolutionary knowledge creation process is amplified and accelerated?
[image: image14.wmf]One important question needs still to be addressed: Is the evolution, biological or memetic, really working towards a better world or only towards better fit of biota or knowledge with environment? Is a bird better than a fish? Is a tiger better than a sable tooth cat? This question could be approached by noticing that all human concepts of good and bad are parts of internal models of knowledge systems, i.e. individuals or communities. They have presumably been generated by memetic evolution process, and are subject to constant competition themselves for better fit with the world where they exist. Competence of political, ethical and ideological systems about the minds of people is a manifestation of this process. If one does not claim to possess the absolute and final truth, the only possible fixed definition for better would be ‘better fit with the environment’.  So yes, a bird is better than a fish in the air. A fish is better than a bird under water. A tiger is better than a sable tooth cat in this world.  A prevalent ideology is better than its predecessors, and worse than the sprouting one that will replace it in the future.
Final remark
Systems Intelligence is defined to be intelligent behaviour in the context of complex systems involving interaction and feedback (Saarinen et al. 2004). A central part of the concept of systems intelligence is the understanding of the role of oneself as part of knowledge systems. This is analogous with adequate, rich and flexible internal models about the surrounding system. The models are essential on all levels: the subconscious intuitional model helps to handle complexity in fast mode and the conscious articulated models help to understand and foresee the dynamics of the system. 

According to the hypotheses presented, the knowledge of evolves in human communities as a Darwinian process. From this viewpoint it is easy to see why Systems Intelligence is a good idea: It amplifies and speeds up the process that produces thoughts, ideas and meanings that are superior to their predecessors. We do not know in advance where evolutionary process leads, but we know two things: it leads to better and better forms and THERE IS NO UPPER LIMIT!
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