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“What information consumes is rather obvious: it consumes the attention of its 

recipients. Hence a wealth of information creates a poverty of attention, and a need 

to allocate that attention efficiently among the overabundance of information sources 

that might consume it.” 

 

Herbert Simon (Nobel Memorial Prize in Economics) 
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Abstract: 
Information is power, for the good and for the bad. Efficient organisation of information is 

more than a critical success factor. Embedded in dynamic environments, all living systems 

are depending on their capacity to gather, diffuse and process information. The same counts 

for teams, groups, business corporations and economic markets. This paper is an attempt to 

conceptualise and explain some of the underlying principles of efficient information 

management. To virtually study the dynamics we developed an innovative simulation tool. 

The results of this agent based approach offer insights in the dynamics of organisational 

adaptation, emergent network evolution and learning. 

 
 

1. Introduction 

When studying the role of information and knowledge sharing in today’s organisations one is 

confronted with a multitude of research, literature and various simulation models. Employees 

and managers face fundamental problems performing in a fast changing and increasingly 

complex working environment. On a personal level they are overwhelmed with a multitude of 

incoming information in form of emails, meetings, phone calls, visio-conferences, letters, 

regulations, presentations and documents. All this information needs to be dealt with in the 

frame of the limiting factors of time and attention. On the corporate level the co-ordination, 

increasing specialisation and segmentation of the different organisational functionalities 

requires intelligent and efficient management of work- and information flows.  

 

Core business processes, hierarchic structures, human behaviour, regulatory frameworks, 

information and communication technologies, structures of human and social capital in 

combination with influences of organisational culture and “politics” are interdependent 

factors, which shape the underlying dynamics of organisational adaptation and change. In 

other words, the interplay of these multiple interdependent factors means that organisations 

are dynamic, complex-adaptive systems (CAS). Complexity theory and its implications on 

current management techniques and paradigms have been largely discussed by numerous 

brilliant researchers1. Focusing on the dynamics of information that flows inside the complex 

adaptive organisation (CAO) and the systemic interconnectedness of its influencing factors, it 

is appropriate to speak about “information ecology”. Corporate information ecology, that is, 

the informational environment of an organisation, is consisting of diverse, interdependent, 

cultural, social, technical and political subsystems. The metaphor of ecology highlights the 

notion of (co-) evolution and the embedded, networked nature of information in the 

                                                 
1  Baets, Walter (2005) - Extending the Horizons of Knowledge-Based Management; (1999) - A Collection of 
Essays on Complexity and Management,1999; (1998) - Organizational Learning and Knowledge Technologies in 
a Dynamic  Environment; Simon&C/O/N/N/E/C/T/A (2004) - The organisation of self organisation-Foundations of 
systemic Management 
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organisational overall system. In complex- and especially in social networks- the behaviour of 

actors emerges in autonomous, non-linear interaction with a variety of other actors. The 

ecological view-point puts the focus back on the behaviour of employees as information 

actors. They participate as key-stone species in a larger organisational network of 

subsystems in which information is created, in which it flows and in which it is being used. 

Thus, an ecological paradigm seems to promise a new approach to deal with the problems 

related to information overflows and other dysfunctionalities related to information 

management.  
 

2. Complexity theory and Agent Based Simulations 
Complexity theory is an increasingly popular research field that has its roots in several 

disciplines, such as physics, mathematics, biology, economics and artificial intelligence. The 

increasing popularity is due to the fact that most modern science is concerned with 

specialised fields of research and thus unable to offer an integrative and transversal 

approach to understanding reality; it still follows the paradigm of reductionism. Modern 

science is trying to detect patterns that allow predictability, control, stability, repeatability by 

identifying fundamental causal relationships amongst the systems elements. Complexity in 

contrast emerges in the non-linear interplay of a multitude of elements that need to be 

studied holistically. “A non-linear system is one in which the evolution of the phenomenon 

does not take place by adding elements to each period, but rather by multiplying them. 

Probabilistic, non linear dynamic systems are still considered to be deterministic…At different 

times the same complex system can produce chaotic or orderly behaviour”2. Thus 

reductionism is unable to explain emerging system dynamics. To understand the emerging 

behaviour of units that include individual organisms as well as the largest economic, political 

or social institutions, complexity theory often uses agent based approaches to grow this 

behaviour “bottom up”. “Research in artificial context provided us with the insight that, 

instead of reducing the complex world to simple simulation models which are never correct, 

one could equally define some simple rules, which then produce complex behaviour”2 .This 

approach allows to program agents that co-ordinate, synchronise and auto-organise without 

the help of a central leader. Characteristics of emergence, auto-organisation, dependency on 

initial conditions and time boundedness can be modelled with the help of agent based 

simulation tools that rely on the power of parallel programming. Agents, equipped with simple 

rule-sets interact semi-autonomously while trying to optimise their individual fitness given 

certain restraining environmental conditions the agent is able to perceive. The 

implementation of certain feedback loops allow the agents to learn, adapt and evolve in the 

                                                 
2 Baets & van der Linden (2000) - The Hybrid business school- Developing knowledge management through 
management learning 
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run of the simulation. The application of different algorithms enables us to model evolutionary 

systems with the help of ABS. In general, the utilisation of ABS in the field of research on 

organisational structures and the dynamics of diffusion of innovation, knowledge and learning 

are very promising research areas and have witnessed huge interest lately 3. 

 

3. Modelling the information ecology of the complex adaptive organisation 
In our conceptual approach we followed the idea of the networked organisation. Any 

organisation as an entity is part of a larger network of other organisations, which reflects an 

adaptive and also networked market for the outputs organisations generate. Organisations 

compete for certain resources, co-operate to face certain market challenges and thus 

constantly change the market-landscape. In a sense any market is a fitness-landscape4 in 

which organisations are placed on different fitness-levels, depending on the capacity an 

organisation has in coping with restraints and in exploiting opportunities. The necessity of 

organisational adaptation is subject to the evaluation of the current market-landscape 

topology. Observable market changes lead to the (re-)formulation of corporate strategy. 

Strategies are problem-solving algorithms or “cooking recipes” formulated in form of 

operational objectives that need to be accomplished by managers and employees. The 

efficiency with which an organisation is acting in a market depends on the capacity an 

organisation can generate in reaching these strategic objectives. This in turn depends on the 

efficiency of the internal information network. Efficiency and competivity of the networked 

organisation in this perspective is measured in terms of information diffusion and absorption 

speed, reactivity, flexibility and the adaptability of network structures to change. The network 

structure directly affects the ability of the agents synchronise their various resources. 

General goal is to release the organisational energy necessary to maintain or improve 

current organisational positioning on the fitness landscape “market”.  

 

4. The conceptual model of the simulation 
A neuro-biological approach to modelling the information ecology of the CAO means to see 

organisations as living, conscious entities dedicated to problem solving. In this perspective 

organisations are concerned with efficient processing and treatment of different information 

stimuli. Patterns, composition and frequencies of information flows lead to evolutionary 

adaptation of the affected information circuits in form of a re-wired organisational information 

network. The most efficient and probably most complex information processing system we 

know today is the human brain. It therefore seems appropriate to use some of the basic 

features and mechanisms that occur in neural networks of the brain to model dynamics of 
                                                 
3 Carley, Kathleen (2001) - Computational Approaches to Sociological Theorizing 
4 Kauffman, Stuart (1995) - At Home in the Universe 
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efficient information management. The simulation model we created could be called a “multi-

agent based neural network simulation”: Imagine employees as agents, acting in a company 

just like an interconnected group of artificial nerve cells that affect each other in such a way 

as to arrive at a result based upon their inputs. This is adjusted in time until it best matches 

the required answer. Recurring processes related to information-flows lead to evolutionary 

adaptation of the neural network to the sensory inputs in order to become more efficient in 

solving “standard problems” of information processing. In our conceptual model, the 

resources available to the agent -necessary to release organisational energy- are 

knowledge, time, attention and other agents. The model in general needed to include 

aspects of organisational culture, environmental influences and the behaviour of information 

actors affected by their individual, dynamically changing characteristics. 

 
 
 
 
 
 
 
 
*Changing 
Requirements: 
“Mutation”  
A- 0138974 
C- 0148974 
D- 0148374 
B- 0248374 
… 
 
 
 
 Agents 
 
 
 
 
 
 
*The market is changing, and with it the requirements organisational outputs have to satisfy. 

Top management of the organisation derives a strategy how to face these changes and 

formalises it into organisational objectives. These are then postulated to and processed by 

the networked agent population. 

 

 

External 
Organisational 
Environment 
(Market) 

STRATEGY: 
Perception of market-
change & construction 
of derived “recipes”  

F-0138974 
Recipe  

E 

A 

G 

C 

F 

I 

D B 
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Agents 
Agents posses knowledge and the ability to communicate; they can therefore exchange 

certain information with each other. The exchange of information consumes the agents’ 

resources: time and attention. Agents exchange information preferentially, which means that 

some agents have a higher probability to mutually exchange information. This probability 

depends on the quality of past experiences during mutual interactions that were either 

positive or negative in regards to project completion. Agents learn either if their exchange 

partner shares information that is new to them, that is, not yet known or if, due to a 

successfully completed objective, they create new knowledge. Then their individual 

competence grows, since they are able to perform more efficiently in fulfilling organisational 

objectives. 

  

Knowledge- The “knowledge profile” 
To implement the knowledge an agent holds, imagine an explicit visualisation as a list that 

details areas an agent possesses knowledge in and the degree of mastery of that 

knowledge. This is what I call an agents “knowledge-profile”. 

 
  

The length of the knowledge-profile is chosen exemplary; here it contains 8 knowledge-

areas. The competency levels are heterogeneous and variable, as they are constantly 

affected by agents’ interactions. Competence, understood as “enacted knowledge”, can grow 

if agents learn and decay if it is not used. Knowledge is enacted, or used when agents 

communicate, i.e. actively share information. 

Preferential exchange- the communication vector 

Agents exchange information preferentially, that is, there is a probability of initiating 

communication with certain other agents. An agent is only conscious of those agents that he 

knows. To implement this idea in the simulation, we used vectors. The individual 

communication vector of an agent displays his individual preferences in form of probability 

values for contacting other agents. Their length shows how many agents an individual agent 

can possibly connect to (respecting the connectivity restraints, see paragraph 

“Organisational objectives- the recipe”): 

 
comm. -vector agent-C:  [ 0.15 ; 0.06;  0.15 ; 0.15 ; 0.8  ; 0.19 ; 0.16 ; 0.06 ] 
       

Knowledge- 
Area 1 2 3 4 5 6 7 8

Competency- 
Level 0 4 6 2 0 0 3 6



 8

This is an exemplary communication-vector of agent C. He knows 8 other agents that he 

contacts with different probabilities. We aggregate all individual communication vectors to a 

communication matrix that visualises all inter-agent relations. This is what we called the 

“weighted information-network map”. It adds qualitative, cultural aspects to a pure relational 

network map, as it integrates the agents’ dynamically changing preferences to activate 

certain “nodes” of the network. The inter-agent relations in this model can be asymmetric, 

meaning that the probability of A contacting B is not equal to the probability of B contacting 

A. 

 
“Weighted information-network map”: 

 
AGENT 
A 

AGENT 
B 

AGENT 
C 

AGENT 
D 

AGENT 
E 

AGENT 
F 

AGENT 
G 

AGENT 
H 

AGENT 
I 

AGENT A   3 25 5 5 12 12 9 14 
AGENT B 10   6 34 18 12 17 4 9 
AGENT C 15 6   15 15 8 19 16 6 
AGENT D 5 34 5   …     
AGENT E 23 8 35 …       
AGENT F 12 32 0        
AGENT G 12 4 2        
AGENT H 9 7 46        
AGENT I 14 10 0        
 
Strategic objectives- the recipe 
The recipe is an abstract requirement list containing organisational objectives in form of 

competency-levels to be activated and released by the agent population. It underlies an 

evolutionary dynamic that reflects externally changing market requirements. Once the recipe 

has been created, it is postulated to a randomly assigned agent (= entry point). This agent 

checks how far his own knowledge profile and competencies covers the stated requirements. 

In most of the cases (and taking the realistic situation into account that the complexity of 

today’s organisations overwhelms individual capacities) the agent starts to spread the recipe 

to his colleagues that are available in his comm.-vector. He does this by creating a new or 

activating an existing edge between him and his exchange partner. The creation and 

maintenance of a connection between agents consumes an energy which we label 

“attention”. So communication is only possible if the exchange partner has sufficient 

“attention” to establish and maintain a connection. Once a connection between to agents is 

established, it allows information to flow.  Each active connection, implying a process of 

active communication, consumes attention. The maximum number of simultaneously active 

connections is globally limited for all agents to the value “connectivity”. The minimum of 

connections an agent is obliged to maintain is fixed. 
Knowledge  
Area 

Entry 
point 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

competence  
level Agent C 3 5 9 0 0 4 1 0 10 13 5 0 0 11 2 
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Communication, knowledge exchange and learning 

In the run of communication, agents are combining their knowledge and competence by 

exchanging information. Agents learn from each other in the course of recipe completion. 

This is the case, if one or both exchange partners have heterogeneous knowledge profiles. 

Then it is possible that some of the information exchanged raises the knowledge of the 

agent. Of course agents learn only in those areas, in which the competence of their 

exchange partner is higher. Learning takes place, when an agent discovers that his 

competence is lower. In that case he can pick up one unit of competence as long as he has 

sufficient attention to “keep up the line”. Agents don’t lose knowledge related to the 

competency that they share, they rather “keep it up to date” and stay on their level of 

competence whilst using it. On the other side, connections and competence-levels in 

knowledge areas not used in the exchange process decline exponentially. Relations and 

knowledge areas are not kept up to date in regards to the ever changing organisational 

environment. The rates of knowledge- and connection decline can be fixed. Once all 

knowledge areas are covered by interconnected, communicating agents that have sufficient 

competence levels, we say the recipe has been accomplished. Agents that collaborated 

successfully in the moment of recipe completion create new knowledge, which raises their 

competence. 

System adaptation and network evolution 

In order to create a truly adaptive system, a “learning organisation”, certain feedback loops 

needed to be implemented. Those active inter- agent-communication configurations that lead 

to recipe completion are strengthened: the probability to re-contact the colleagues with whom 

the agent has successfully performed raises. The weights in the weighted information-

network map are shifted to reinforce “good practice” patterns. This feedback-loop is the 

fitness function the social network follows. It leads to an evolutionary network adaptation. At 

steadily changing market conditions force the organisation to adapt their strategy. Thus 

evolution is in fact co-evolution. We design a simulation with “mutating” recipes that randomly 

change their composition. The speed of market change dictates how urgent the necessity of 

adaptation is. A drastically changing content is sign of fundamental changes on the market 

landscape.  

 

Organisational energy release 
Efficiency is measured via a ratio of an input- output relation. In this conceptual model agents 

provide time, attention, knowledge and readiness to share information and generate in 

collaboration with other agents accomplished recipes. Using a ratio which has been 
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proposed by Simon and Davila5, we can measure the managerial efficiency with which 

information is managed. Like similar ratios, f. ex. the ROI (Return on Investment), the Return 

on Management (“ROM”) describes how efficiently a manager has chosen amongst various 

information sources, given limited managerial time and attention, to release organisational 

energy.  Simon & Davila defined the return on management as follows: 

 

ROM = Organisational energy released / time and attention invested 
 

We expanded this ratio by integrating the number of agents necessary to fulfil strategic 

objectives. In this perspective, information is managed efficiently if a minimum of time, 

attention and involvement of agents is necessary to accomplish the problem solving process. 

In our simulation the ROM is consequently defined as follows: 

 

ROM = Recipes completed / time and attention invested + number of agents involved 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
5 Simon & Davila (2000) - How High Is Your Return on Management? 
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5. The realisation of the model in the program and its features 

 

 
The general structure of the simulation: 
Looking at the software you will see a windows-style user-interface with several areas. At the 

left side there is a window for the graphic visualisation of the inter-agent network. The agents 

have been set in circular order, but they can be moved via an integrated drag & drop feature. 

The edges connecting agents show different interaction possibilities.  

In order to make individual inter-agent relations more clear, you can click on the red node 

symbolising an agent. This will highlight his individual connections in green colour.  

 
Initial Set-up Configurations: 

 

The initial set-up configurations let you fix the basic parameters of each simulation run: In the 

parameter panel you can fix the number of agents that participate in the organisational 
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processes and their initial interconnectedness with other agents, which we labelled 

“Connection–threshold”. Furthermore the initial set-up configurations allow you to define how 

many knowledge areas each agent’s knowledge profile comprises(“Knowledge Areas”), how 

much attention they have at their disposal (“max Attention”) and the number of minimum 

connections required (“min. Connections”) for each agent. Furthermore we can define the 

decline rate of knowledge and connections in the respective fields “know Decline” and 

“connect decline”. The buttons “Setup” and “Delete all” are necessary to start and end a 

simulation run. Before starting a new run be sure to have deleted the previous simulation set-

up by using the “Delete all” button. To start or stop the simulation, simply press the 

“start/stop” button.  You can regulate the speed of the simulation with the “speed” slider.  

 

The tables 
We used the format of tables / matrixes to display agents’ characteristics. The numerical 

values you will find in the user interface, left window, provide information about the status 

and dynamic development of different agent features which I will explain now in more detail. 

 

“Weighted informational-network map”: The "Weight-Graph"  
The “weight graph” shows the probability values for inter-agent communication to take place. 

In contrast to the “connection-threshold”, that is fixed in the initial set-up configurations and 

that lets you decide the initial degree of agents’ interconnectedness, the “weight-graph” adds 

a qualitative dimension into agent communication. It provides you an insight into the 

(dynamic development) agents “preferences” who to contact and who they are attached to 

what degree. In the run of the simulation, the agents apply a genetic algorithm to the “weight-

graph” in order to choose their exchange partner: the “roulette wheel” technique. It follows 

the mechanics of genetic algorithms (GA). These algorithms were first introduced by one of 

the godfathers of Artificial Intelligence (AI) research, John Holland in 1975. “GA´s are 

optimisation techniques based on natural evolution and adaptation. GA's are applied for 

those problems which either can not be formulated in exact and accurate mathematical forms 

or may contain noisy data or take much computational time or impossible to solve for 

traditional computational systems.” There is no guarantee that GA´s always lead to optimal 

solutions. “GA's are non-deterministic in nature and it is not guaranteed that a GA will return 

the same solution or optimal solution in each run”6. 

 

                                                 
6 Genetic Algorithm used in this simulation model: http://www.iba.k.u-tokyo.ac.jp/english/GA.htm 
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“Knowledge profile”: The "Know-List"  
The „know-list“ is a matrix, consisting of individual agents aggregated knowledge-lists. 

Knowledge-lists are abstract representations of knowledge in form of vectors. They define an 

agent’s capacity to provide and store information which is readily available to exert 

organisational energy, that is- operationally relevant knowledge to deal with business 

problems. In this sense the term knowledge goes beyond its general definition and 

comprises the notion of competencies. In the knowledge profile of an agent the list positions 

depict “areas of knowledge” and the numerical values on the specific positions indicate the 

“knowledge” an agent possesses. The box “max Competence Value” (right side in the initial 

set-up configurations) lets you decide about the maximal values an agent can attain in his 

different knowledge areas. You can fix the number of areas of knowledge in the box 

“knowledge areas”. 

 
 

The network dimension: The "Con-Graph"  
The “con-graph” calculates network-values. In each line of the “con-graph”-table, you will find 

connectivity values of each agent. You will see, once you open the “con-graph”-table, that 

the red nodes on the network graph will visualise the agent-specific value. The values 

indicate how well an agent is integrated in the overall agent-network. The path-lengths, 
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displayed in the con-graph indicate the individual degrees of separation of agents within the 

network. 

 
 

Market-dynamics 
On the right side of the user-interface you will see a box that is abstractly displaying actual 

market-requirements in the form of a “recipe”. These are translated, as explained in the 

conceptual model, into a requirement list of knowledge levels the agents have to accomplish. 

To integrate market dynamics and innovation effects, the requirements constantly change 

their structure. In this model, the mutation of recipes is random. The degree of mutation can 

be fixed by choosing different innovation rates (“innov. Rate”) 

 
Process 
In the showcase under the Market Requirements section, you can observe the systems 

calculations in real-time. In a first box you have a visualisation of the declared recipe as 

“Required Competencies”. Underneath you have insight in the assigned agents knowledge 

profile (“Agent_knowledge_Profile”). According to the roulette wheel technique, the agent 

chooses exchange partners. You can alter the choosing algorithm to “random” in the check-

box “choose random”. The speed of market change can be regulated in the box “max time-

steps”. You can observe the individual agents selection of exchange partners next to the box 

„Agent_knowledge_Profile“ where “compare with agent Nr: X” is marked. In the second box, 

you will see those „knowledge-areas“ that are not covered by this agent’s knowledge profile 
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coloured in red; hence “recipe incomplete” is indicated. The box at the bottom shows you 

what and how much the agent has learned in the course of communication. If the values are 

high enough to satisfy the recipe requirements, the recipe is declared to be “complete“ and 

turns to red. To initialise the process, you need to use the button “next requirement”, which 

generates a new recipe. If you would like to monitor individual learning, you need to 

continuously press the button „Next requirement”. It lets you witness the communication 

process step-by-step. Finally we can monitor the sum of completed recipes at the bottom 

(“sum completed: X”) 

 

Graphical output 
To have a quick access and insight into the development of the different variables, we can 

choose to plot several outputs: 

 
 

 Aggregated knowledge of agent population (red): plot sum of knowl. 

 Average attention used (green): plot used attention 

 Average knowledge levels of agent population (yellow): plot avg knowledge 

 Return on Management / Organisational efficiency (blue): plot ROM 

 Degrees of clustering of the agent network (white): plot Clusterkoeffizient 

 

The red line sheds insight into the development of the aggregated knowledge profiles of the 

agent population, whereas the yellow line monitors the development of the average 

knowledge levels. The green line depicts the attention used by the agent population to 

release organisational energy, i.e. to fulfil recipe requirements. The degrees of clustering 

inside the agents’ network are graphed in white. Finally, we plot the resulting organisational 

energy released in blue.  
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6. Observations 
 

 
In most runs we can observe a rapid initial learning period of the agent population, which 

peaks after around 100 to 150 time-ticks. At this point of time the ROM reaches its first 

maximum, the agents have become efficient in managing information. Some clusters 

already developed in this learning phase, the clustering coefficient drops. 

The subsequent phase is a period of relative stability in the development of aggregated 

agent knowledge. The information ecology seems to stabilise on a high level for around 

1000 to 1200 ticks. During this time the clustering coefficient has dropped further to a 

stable level, floating around 10. Clusters of agents have emerged and stabilise 

throughout the period. The mean knowledge of the agent population has reached a value 

of 600, which means that corporate knowledge is well distributed throughout the agent 

network. In the “stabilisation” phase the organisation can rely on a reasonable knowledge 

repository, which is sufficiently networked. The personal information needs of the agents 

are dropping as the agents become more efficient in managing information, using their 

time and attention within clusters more selectively. Less contacts, time and attention are 

necessary to release organisational energy. The ROM is peaking more or less 

rhythmically.  After a certain time, around 1300 ticks, the organisational efficiency 

suddenly drops. Agents are losing knowledge, initially slow, later on with increasing 

speed. The phase of organisational forgetting is accompanied with a steady decline of 

organisational performance in terms of the agents ROM. The process is taking place over 

a period of around 1200 ticks. The ecology of information seems to have evolved into an 

unhealthy state, in which the agent population is unable to maintain sufficient 

synchronisation and entanglement inside the agent network. Towards the end no 

organisational energy can be released, the ROM has dropped to 0 and the agents’ 

attention levels are radically rising to maintain vital connections, struggling to accomplish 

organisational objectives. In the end the agent population is left with a high attention 
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level, no knowledge in a highly clustered network structure. In general, the following 

dynamics can be observed in the standard settings: 

 
 

Phase 1:  
Assimilation 
and learning 
phase 
 

Phase 2:  
Stabilising and 
high performance 
phase 
 

Phase 3: 
Decline 
phase with 
lowered 
performance 

Phase 4:  
Survival phase  

 
Corresponding development of agent clusters: 

 
 

Special interesting observations 
We used a combined concept: our simulation is a hybrid mixture of an agent based 

simulation and an artificial neural network. In multiple runs with different parameter settings 

one thing was remarkable about the evolution of the network: The emergence of a specific 

“learning curve”. Watching the development of the aggregated agent knowledge from phase 

1 to phase 4, we can observe similarities to certain organisational life cycles.  The concept of 

organisational life cycles was developed by Miller7. Miller assumed that evolutionary life 

cycles are typical for the development of cultures as well as organisations. Millers’ research 

offers interesting insights in the evolution stages of organisations. His theory matches with 

the experiences of many practitioners. “Miller suggests that the life of an organisation is 

similar to the shape of a bell curve, that is, the organisation experiences a rise of health, it 

peaks, and then gradually declines. The life-cycle stages of Prophet, Barbarian, Builder, 
                                                 
7 Edwin & Miller (2004) - Intellectual Property Protection (Lifecycle of a Technology Company) 
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Explorer stages are on the way up the curve of health, the Synergist is at the peak, and the 

Administrator, Bureaucrat, and Aristocrat stages are on the way back down the curve of 

health”8. 

 

 
 

The simulation provides some evidence that the same might be true for organisational 

information networks. The learning curve we obtain when watching the development of 

aggregated knowledge in the agent population over time has a different shape, but 

nevertheless some of the logic behind seems to apply 

 
Another interesting factor to think about is the shape of the ROM graph. Oftentimes the ROM 

is “pulsing” like a heartbeat. Organisational energy is released explosively.  

 

 
 
Just as the heart is an energetic co-ordinator of the human body- contributing to a coherent 

entanglement- we could assume that a coherent entanglement and synchronisation of the 

                                                 
8 McNamara (1999) - Organizational Life-Cycles and Management Styles 
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agent population creates a similar energetic co-ordination and constellation in which the 

organisational efficiency is released in pulsing patterns.  

It is interesting to remark that, looking at organisational networks, we are actually dealing 

with small-world structures. Watts and Strogatz, discoverers of the small-world networks, 

wondered about how fireflies managed to synchronise their light-signals within a huge 

complex population of other fireflies. They found out that group entanglement evolves most 

efficiently in small-world networks, because these networks, situated in the grey zone 

between structure and chaos, are sufficiently clustered to enable synchronisation of local 

information exchange whilst maintaining vital weak-links throughout the rest of the networked 

population. The pulsing effect is not an exclusive firefly characteristic. In the human brain we 

find similar patterns when observing cerebral activity on an EEG. Neurophysiologists9 found 

out that “selective attention to a stimulus implies that some information is passed on for 

further processing - this passage depends on the synchronous firing of the relevant neuronal 

pathways”. Even clustering is a mechanism that occurs in the brain- more precisely in the 

neurotransmitter system- to efficiently process information. “The chemical coding of these 

neural systems with the biogenic amine transmitters allows for a division of labour in the 

mechanisms necessary for „sorting” information.” 

 

Interestingly there is some more evidence that some patterns of the agent behaviour are 

similar to processes of the brain: “Functional magnetic imaging of brain regions activated 

during attentional processing show that there are „epicentres” of attentional function 

superimposed on variable diffusely distributed activity patterns. Choices of what is relevant - 

selective attention - for the adaptive organisation of response thus reflect a concerted effort 

within a network of heteromodal cortices based on the basic mechanisms for sorting 

information arising out of the brainstem”. This concerted effort is comparable to an agent 

population that collectively collaborates at a given moment of time, combining their individual 

resources to release organisational energy. Maybe “epicentre” is a nice metaphor we could 

use for successful team constellations that generate high operational efficiency.  

 

Another interesting observation I would like to include relates to the effect of team sizes on 

organisational performances. In several simulation runs we could witness some “strange” 

dynamics. When studying different parameter combinations of the simulation, we found that 

the parameter “group-size” has a radical impact on the networks performance. Small groups 

of 4 to 8 agents generate a tremendous ROM. Neither with less, nor with more agents similar 

organisational efficiency could be released. Even changed framework conditions with 

different parameter values did not considerably change the observed patterns. It seems that 
                                                 
9 Oades & Röpcke (2000) - Neurobiological bases of attention: on «the freedom of choice".   



 20

there is a natural limit to group sizes that process information efficiently. Research around 

the theme of successful team compositions led us to the conclusion that there is strong 

evidence of a typical structural ordering scheme. It might be related to an interesting 

phenomenon today known as “Dunbar number”. Dunbar an English anthropologist studied 

the relation of neo-cortex size, the size of groups and language. He came to very interesting 

conclusions, which point at a relation of cognitive abilities and efficient network set-ups.  

 

Dunbar states that “... there is a cognitive limit to the number of individuals with whom any 

one person can maintain stable relationships, that this limit is a direct function of relative 

neocortex size, and that this in turn limits group size ... the limit imposed by neocortical 

processing capacity is simply on the number of individuals with whom a stable inter-personal 

relationship can be maintained”10. These results imply that we should, taking in an ecological 

standpoint on information management, respect biological limits when structuring social 

networks.   To explain why, I would like to use the words of Christopher Allen, who runs an 

interesting blog11 on social software, trust and collaboration:  

“…the smallest viable group size seems to be somewhere in the range of 5 to 9… we see that 

a group of 2 can be tremendously creative (ask any parent) …a group of 3 is often unstable, 

with one person feeling left out, or else one person controlling the others by being the "split" 

vote. A group of 4 often devolves into two pairs. In my opinion it is at 5 that the feeling of 

"team" really starts. At 5 to 8 people, you can have a meeting where everyone can speak out 

about what the entire group is doing, and everyone feels highly empowered. However, at 9 to 

12 people this begins to break down -- not enough "attention" is given to everyone and 

meetings risk becoming too noisy, too boring, too long, or some combination thereof… Only 

as you approach and pass 25 people does having simple departments and managers begin to 

work again, as it starts to really make sense for department heads to spend significant time 

just communicating and coordinating (and as individual departments become large enough to 

once again allow for the dynamic exchange of ideas that had previously occurred in the 

original 5-9 member seed group).” 

                                                 
10 Dunbar, Robin (1992) - Neocortex size as a constraint on group size in primates 
 
11 www.lifewithalacrity.com 
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[Source: Allen, http://www.lifewithalacrity.com/2005/02/dunbar_triage_t.htm ] 

Organisation in team-structures has proven to be efficient when dealing with ill-structured, 
complex problems in dynamic environments. In general, teams seem to generate higher 
performance12. The curve below is a nominal representation of team performance in terms of 
problem solving capability versus team size. 

 
[Source : http://www.mitre.org/work/sepo/toolkits/ippd/StandardProcess/factors/KSF10.html ] 

 

 

 

 

 

 

 

 

                                                 
12 Katzenbach and Smith (1993) - Wisdom of Teams 
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Likewise we could wonder if a sub-segmentation of organisational networks in smaller 

“family-size” clusters would be appropriate to implementing a more ecological information 

management approach. An “ecologically” structured organisation could consist of weakly 

coupled “cells” of small best-practice-teams frequently exchanging selected information in 

entrusted connections: 

 

 
Patrick Laughlin, a lead researcher in an innovative project around group size and 

performance in problem solving states that the improved performance of small groups (5-10 

people) is due to, “the ability of people to work together to generate and adopt correct 

responses, reject erroneous responses, and effectively process information…the group 

members combine their abilities and resources to perform better than the best of an 

equivalent number of individuals on the highly intellective complementary group task”13. We 

think to expand business oriented research further in this direction might lead to valuable 

insights into the dynamics of corporate information ecologies. 

 

Afterthoughts 
“Computational models, because they can track and emulate learning, adaptive and 

evolutionary behaviour are ideally suited to the examination of dynamic systems… 

Consequently, computational models can be, and have been used in normative fashion to 

generate a series of hypotheses by running virtual experiments. The resultant hypotheses 

can then be tested in other empirical settings“. I think the simulation offers interesting 

hypotheses that should be checked in a number of case studies that investigate the 

dynamics we observed in the simulation runs in real organisations. Unluckily the related 

research-workload would exceed the frame of this master’s thesis, but for sure it offers a nice 

playground for PhD students that want to refine, enlarge or modify the model. 

 
 

                                                 
13 Laughlin, P., Hatch, E., Silver, J., & Boh, L. (2006) Groups Perform Better Than the Best Individuals on Letters-
to-Numbers Problems: Effects of Group Size, Journal of Personality and Social Psychology, Vol. 90, No. 4. 
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Appendix: 
Some exemplary runs with agents in standard environment (Innovation rate of 
external environment: 80 %; initial connectivity: 100%; knowledge areas: 10; 
knowledge decline: 10; connection-decline: 10; min-connections: 3)  
 
Influence of group-size: 

 
Group-size: 3 Agents  
 

 
Group-size: 4 Agents 
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Group-size: 5 Agents  
 

 
 Group-size: 6 Agents  
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 Group-size: 7 Agents  
 

 
 
Group-size: 8 Agents  
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Group-size: 10 Agents  
 

 
Group-size: 15 Agents  
 

 
Group-size: 20 Agents  
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Group-size: 30 Agents  
 

 
 
Group-size: 50 Agents  
 

 
Group-size: 100 Agents  
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Influence of min-connections 
 
Group-size: 3 Agents  

 
Group-size: 4 Agents  

 
Group-size: 5 Agents  
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Group-size: 6 Agents  
 

 
Group-size: 7 Agents  
 

 
Group-size: 8 Agents  
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Group-size: 10 Agents  
 

 
Group-size: 15 Agents  
 

 
      Group-size: 20 Agents  
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 Group-size: 30 Agents  
 

 
Group-size: 50 Agents  
 

 
Group-size: 100 Agents  
 

 


