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ABSTRACT 
How are learning and innovation linked with each other, and how can a perspective based on 
complexity theory, contribute towards an understanding of the linkage between learning and 
innovation? And how may learning and innovation as a consequence be managed differently? 
These are the topics I will deal with in this paper.  
 
Departing from a real-life case of a company that has set learning within and between 
innovation projects high on the agenda, the main ideas about learning and innovation will be 
unfolded in the course of this paper. It will be argued that most learning theories rest on a 
sender-receiver model of knowledge transmission and this affects how people learn within 
innovation projects. Complexity theory offers another perspective from which one can 
evaluate and analyze learning. Morin’s (1996) thoughts on how complex systems behave and 
how we can apply these principles in management will form the framework wherein I will 
develop my ideas further. The most important characteristics of complex adaptive systems are 
non-linearity, dynamic behavior, emergence and self-organization. The implications of these 
phenomena for learning in innovation projects will also be explained. The paper finalizes 
with the preliminary findings of a simulation model, which explores what the underlying 
forces are beneath learning in innovation projects. The model will be further developed in the 
course of this year. 
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1. INTRODUCTION 
How are learning and innovation linked with each other? According to Gieskes (2001) there 
are basically two streams of thought about this relationship. The first one looks at product 
innovation as a natural learning process. The focus lies very much on R&D as the driving 
force behind innovation, and sees developments in R&D as a learning process. The second 
stream of thoughts puts the emphasis on the product innovation process. Learning is seen as 
essential for the improvement and dissemination of new knowledge throughout the rest of the 
organization. In that process organizations use learning experiences of a failure or success to 
improve new product developments projects and avoid earlier made mistakes. This is quite a 
mechanistic view on learning. In addition there are many assumptions underlying these two 
ways of looking upon learning within innovation projects. These assumptions will be 
unraveled in the course of this paper and an alternative perspective – complexity theory - 
brought forward.  

2. ON LEARNING 
The literature on learning is hugely fragmented and it would go beyond the scope of this 
paper to deal extensively with it. Therefore I will focus on the main issues within that 
literature to the extent they bear relevance to the subject of this paper. Generally speaking 
when one speaks about learning a distinction can be made between the different definitions, 
levels of learning and perspectives on learning. Let us start with the definitions of learning.  
 
The classic definition of learning is that it is a change in behavior as a result of experience or 
practice. The emphasis lies on behavior. A more recent definition is the one by Kim (1993) 
that says that learning is the acquisition of knowledge, whereby he makes a distinction 
between the (a) acquisition of know-how and (b) acquisition of know-why. The first refers to 
the physical ability of an individual to produce some action and the latter to the ability to 
articulate a conceptual understanding of an experience. Other authors like for instance Argyris 
and Schön (1978) define learning as the development of knowledge. Fiol & Lyles (1985) 
define learning as the process of improving actions through better understanding and 
knowledge. According to Dodgson (1993) learning can be described as the ways firms build, 
supplement, and organize knowledge and routines around their activities and within their 
cultures, and adapt and develop organizational efficiency by improving the use of broad skills 
of their workforce.  
Definitions of learning largely depend on the perspective from which one looks at the 
phenomenon and also the level of analysis. These two are closely intertwined. In the literature 
a clear distinction is made between individual and organizational learning. 

2.1 Levels of learning - Individual versus organizational learning  
The concept of organizational learning is debated in literature since organizations do not 
learn, individuals learn.  In general it can be said that individual learning is defined in terms of 
individual mental models, which change under the influence of experiences people go 
through. Mental models are embedded in our brain and they are both representations of how 
we perceive the world; in addition to norms, values, emotions, beliefs and rules. Different 
names are given to the same phenomenon; Sherman and Schultz (1998:45) for instance 
distinguish between principles, models, rules and behaviors: 
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Principles are fundamental to the character and nature of what we are doing. They help us 
recognize that whatever we are doing makes sense to us in a certain way.  
Models or theories are what we construct on the basis of our principles. Models are the 
structures and concepts that enfold representations of how for instance an organization 
organizes its processes. They also behold concepts and representations of how individuals 
perceive reality and frame that in their mind.  
Rules are temporary ways of adapting to local conditions. They do not define the system. 
Their only function is to guide how the system behaves or operates in relation to certain kinds 
of changing conditions and circumstances.  
Behaviors refer to what people actually do in the performance of their activities and work, in 
the execution of their models.  
Learning plays an important role in linking models with rules and eventually behavior. 
According to the authors it is within the context of the organization that these four elements 
determine how the organization is structured and behaves. Models play the most important 
role in learning and adapting to changes, since they are the most versatile. Rules bind people 
to old models and stand in the way of learning and innovative behavior, and principles are 
merely the source of ideas to develop models. Sherman and Schultz argue that the relationship 
is recursive, feeding back and forth between the models, rules and behavior.   
Clippinger (1999:17) speaks about tags, labels and building blocks that form the constituent 
elements of our mental models. Tags are a way of labeling and giving significance to 
something and linking it to action. Models are composed of building blocks. Building blocks 
help us to recognize regularities and constraints in our environment and to develop effective 
action. These regularities and behavioral patterns are the building blocks of complex systems.  
 
Models seem to play an important role in the individual learning process, but also at the level 
of the organization. Organizational learning usually refers to a corporate memory or shared 
mental models in which the knowledge resides that guides organizational behavior. Most 
authors agree that learning starts at the individual level and eventually may become shared 
and thus organizational.  
 
The main issue is how individual learning and organizational learning are linked with each 
other and how individual knowledge may become corporate knowledge. According to Kim 
(1983) the importance of individual learning for organizational learning is at once obvious 
and subtle – obvious because organizations cannot learn without individuals, subtle because 
organizations can learn independent of all individuals. He developed an Integrated Model of 
Organizational learning which addresses the issue of transfer of learning through the 
exchange of individual and shared mental models. Analogous to individual learning, 
organizational learning is defined as “increasing an organizations’ capacity to take effective 
action” (Kim, 1983: p. 43). The cycles of individual learning – represented in the OADI cycle 
developed by him - affect learning at the organizational level through their influence on the 
organizations’ shared mental models. An organization can only learn through its members, 
but it is not dependent on any specific member. Kim defines a group as a mini-organization 
whose members contribute to the groups’ shared mental models. The transfer mechanism 
from individual to organizational is the shared mental models. He emphasizes the importance 
of mental models because according to him it is where the vast majority of an organizations’ 
knowledge (both know-how and know why) lies.  
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In this paper I will follow the line of thought that learning starts at the individual level and can 
in time transcend the individual and as such become organizational learning. I do however 
regard the individuals as the agents of change in that process and not the organization. The 
question is how the process from individual to organizational learning occurs. This largely 
depends on the perspectives on learning.  

2.2 Perspectives on learning 
In broad lines two perspectives on learning can be discerned: a behaviorist and a cognitive 
one.   
 
The emphasis of Behaviorism lies on observable indicators that learning has actually taken 
place. The father of behaviorism was J.B. Watson, who defined learning as a sequence of 
stimulus response actions in observable cause and effect relationships. The most well known 
example of behaviorism is Pavlov’s experiment. Skinner developed Watson’s ideas further. 
According to Skinner behavior is strengthened or weakened by reward or punishment 
mechanisms. Whereby the assumption is that new learning occurs as a result of positive 
reinforcement and old patterns are abandoned as a result of negative reinforcement.  
At the individual level learning is regarded as a change of individual behavior as a result of 
changing stimulus-response mechanisms (see e.g. Kolb, 1984). At the organizational level the 
same process applies: organizations are open systems that change their behavior in response 
to changes in the environment as a result of previous experiences. Learning is a reactive and 
adaptive process and results in changed organizational behavior. 
   
Contrary to this view Cognitivism places the emphasis on mental processes of the mind. 
Behaviorists do not deny the existence of these processes; they simply regard them as an 
unobservable indicator of learning, which cannot be established empirically. Cognition is seen 
as an important driving and explanatory force for understanding behavior. Jean Piaget for 
instance regarded human development in terms of four progressive stages of cognitive 
development. These four stages characterize the cognitive abilities necessary at each stage to 
construct meaning.  
Constructivism is an example of a cognitive learning theory because it focuses on the mental 
processes that construct meaning. Constructivists believe that all humans have the ability to 
construct knowledge in their own minds through a process of discovery and problem-solving. 
Another example is the psychology perspective. In this view organizations interpret their 
internal and external environment in terms of shared mental models. The learning process  
consists of two main processes, namely reflection and experimentation.  
 
Generally speaking a clear line separates the behaviorists from the cognitivists. There are 
some exceptions. Leroy and Ramantsoa for instance (1997) tried to link individual with 
organizational learning models because they contend that a strict separation between behavior 
and cognition is constructed. Also Nonaka and Takeuchi (1994) linked the two models by 
linking the cognitive with the behavioral component via the externalization of knowledge and 
the transformation of tacit into explicit knowledge. Nicolini and Meznar (1995: 738) go as far 
as to argue that the distinction between behavior and cognition is inadequate to serve as the 
basis for defining organizational learning. They give two reasons for that: 

a) It narrows the boundaries of organizational learning, excluding a number of 
phenomena that could be included in a broader definition of organizational knowledge 
and learning  
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b) It obscures the relation between the two forms of cognitive organizational change  
 
We can fairly well conclude from the above that the assumption that organizations learn is not 
questioned in the scientific community. The distinction between individual and organizational 
learning becomes significant when we think about modeling. Models help us make sense of 
reality. Individuals develop models to reduce complexity and make sense of their 
surroundings. Organizations have models – shared models – partly for the same reasons; they 
help organizations make sense of external changes and to develop strategies accordingly. 
Models are however also used as a regulatory mechanism to streamline processes, manage 
projects and control decision-making. These models are usually developed top-down and are 
as such a reflection of the organizational structure of a company. According to Gieskes (2002) 
what is relevant is how learning is modeled: as individual learning or as organizational 
learning, and whether development of these models should start at the individual or the 
organizational level. It is important to note that a choice for either one has fundamental 
consequences. We will come back to modeling when we speak about innovation and the role 
of models.  

2.3 The process of learning – from individual to organization 
Another issue, which remains to be clarified, is the process underlying individual and 
organizational learning. Argyris and Schön (1978) for instance regard individuals as the 
agents of learning, whereby individual learning experiences eventually may become 
embedded in organizational memory or a corporate knowledge repository. The question is 
how this occurs. In that process they identify three learning types:  

1) Single-loop learning – Organizational learning takes place when errors are detected 
and corrected and firms carry on with their present policies and goals – they have 
merely been improved. According to Dodgson (1993) single-loop-learning can be 
compared with activities that add to the knowledge base, firm specific competencies or 
routines of an organization without altering the fundamental nature of the 
organization’s activities. Senge (1990) speaks of adaptive learning in this context. 

2) Double-loop learning occurs when in addition to detection and correction of errors, the 
organization questions and modifies existing norms, procedures, policies, and 
objectives. Double loop learning involves changing the organization’s knowledge 
base, firm specific competencies or routines 

3) Deutero learning occurs when organizations learn how to carry out single-loop and 
double-loop learning. This awareness says something about how organizations learn to 
learn. It takes place at the highest aggregate level, where the way of learning is 
questioned and adapted.  

 
We saw that Kim developed a model of organizational learning whereby he linked individual 
models of learning with organization theory as behavioral and interpretation systems (see 
Cyert and March, 1963 and Daft & Weick, 1984). Mental models play a very important role 
in the model of Kim because “the mental models in individuals’ heads are where a vast 
majority of organizations’ knowledge lies (Kim, 1993: 4).  Kim’s model also incorporates 
Argyris and Schön’s concept of single and double-loop learning on both the individual and 
organizational levels.  
 
According to Stacey (2001) the fundamental thinking underlying most learning theories is a 
distinction between the individual and the organization. The individual and the organization 
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are then treated as separate phenomena. According to him in mainstream thinking the 
individual learns and creates knowledge, and the principal concern is how knowledge might 
be shared across the organization and subsequently captured, stored and retained in some sort 
of corporate memory. A clear distinction is made between knowledge acquisition, which takes 
place at the individual level and knowledge retention, which takes place at the individual and 
organizational level. Generally speaking it can be said that the central assumption of 
mainstream thinking is that learning involves the transfer of knowledge. Underlying this 
notion is a sender-receiver model of knowledge transmission, which sees organizations as 
information-processing systems. 
 
What are the practical effects of this sender-receiver model of knowledge transmission, for 
learning in innovation projects? Below is an example of a how a company has embedded this 
type of learning in its ways of working and what the underlying assumptions are.  
 
Example: learning within and from innovation projects 
The company in this example is a manufacturer of fast moving consumer goods that has a 
long history and tradition. It is a multidivisional firm in which companies are divided in 
separate units that enjoy a great degree of autonomy, but report to headquarters that is in 
charge of long-term strategy. Their overall target is to achieve a profit growth of 12%. The 
market wherein they operate is mature, and has been stable for a long period, but has quite 
recently been confronted with some “upheaval”. Customers and employees are becoming 
more demanding and less loyal, and new players have entered the market changing the rules 
of the game thus affecting the business strategy. Innovation is more than ever a key to success 
and the company has set itself as objective to become a learning and innovative company to 
meet the challenges of the future. They adopted the framework of Wheelwright & Clarck 
(1992) in addition to an NPD funnel approach (see e.g. Cooper, 1988). The objective is to 
exert as much control as possible throughout the innovation process and to rule out 
uncertainty by working within the boundaries of pre-defined objectives. 
 
Figure 1: NPD funnel  
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The start of a project is determined by an idea, which mostly emerges in the mind of an 
individual, in an R&D department or elsewhere. An idea can be carried forward and 
embedded within the formal structure of the company after having been evaluated according 
to a set of criteria defined by management. If an idea is accepted as being interesting a project 
team is installed and the idea is further developed in line with the stages defined by the NPD 
funnel. In this process the activities, gate-reviews and checklists play the role of channelling 
the interaction and decision-making of people up until the launch phase.  
Learning is explicitly coupled to the new product development process, with the aim to 
improve effectiveness – i.e. avoid earlier made mistakes - and retain as much knowledge as 
possible for the future. The underlying assumption is that people are the most important asset 
since they are the owners of valuable knowledge, and henceforth knowledge related to the 
NPD process has to be made explicit as much as possible and subsequently codified in some 
form. Teams are gathered together to evaluate the process in terms of the decisions that were 
taken with pre-defined objectives as a yardstick to measure the success of the process. The 
idea is that knowledge can be made explicit by asking people to recall what decisions were 
taken, and why they were taken and how this affected the course of the process. On the basis 
of this, process lessons are defined to learn from past mistakes and successes. These 
learning’s are subsequently communicated to other employees, with the ultimate aim to thus 
improve the overall performance of innovation efforts. The thinking behind this way of 
working is that experiences from the past can be extrapolated to the future to thus avoid 
mistakes and exert more control over the process so as to increase effectiveness. The focus is 
on the decision-making process.  
Learning in this company clearly fits within the information-processing paradigm of learning. 
The focus is very much on double-loop learning and trying to identify commonalities in what 
people say they have learned. The aim is to retain these lessons in some sort of database or 
Intranet, so people can access them and use them in future projects.  
 
Lessons however appear to be context and people dependent. One of the interviewees phrased 
it as follows: “if you try to merely implement lessons from other projects in new projects it 
will depend of the composition of the team and the circumstances whether these lessons will 
be useful”. This is a fundamental assumption underlying rational-mechanistic models of 
reality, which are valid under the assumption that experiences from the past can be 
extrapolated to the future. This is precisely what distinguishes these models from complex 
adaptive systems, which demonstrate that prediction is not possible. Stacey (2001) goes as far 
as saying that “if one accepts the premise that the dynamic of success is chaotic…all forms of 
long-term planning are completely ineffective”. It is here that complexity theory comes in the 
picture and this raises the question what it can add to the body of knowledge? It is by 
shedding new light on the process of how individuals learn, but more importantly on how 
individual learning can transcend the individual and become shared by a group of people or an 
organization.  

3. COMPLEXITY THEORY AND LEARNING 
Complexity theory is concerned with the behavior over time of certain kinds of complex 
systems (Rosenhead, 1989). The systems of interest are dynamic systems – i.e. systems that 
are capable of changing over time. Given the uncertainty in which companies and managers 
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have to operate it is therefore interesting to consider how complexity theory might help them 
to deal with that uncertainty- which often is the result of complexity.   
 
To relate learning to innovation through complexity theory I would like to draw on the work 
of Morin (1996) who has described some general principles of complex systems which might 
help us understand that relationship better. According to Morin, traditional scientific thinking 
simplifies too much and is too much confined to control and breaking up reality in parts, 
whereas complexity thinking “takes into account the links between different disciplines”. 
Complexity theory therefore seems very suitable for management, which is not confined to 
one domain but encompasses different scientific fields. As such complexity theory has “the 
ability of recognizing the interactions that our mind should distinguish, but not considered in 
isolation”.  
Morin (1996: 99-100) defines three main principles which can help us understand complexity 
and which we can then subsequently apply to organisational issues: 
The dialogic principle  that offers the opportunity to maintain duality (e.g. between subject 
and object or agency and structure) while at the same time transcending that duality and 
creating a unity of the whole.  
The principle of organisational recursivity, in which causes simultaneously are effects. 
Individuals create the society which in turn creates the individuals. This is a recursive process, 
and this breaks with the idea of linearity and a causal linear relationship between input and 
output underlying traditional organisational thinking.    
The principle of holons which goes beyond reductionism, that only sees the parts and holism, 
that only sees the whole. Holons or whole/parts are entities that are both wholes and parts of 
ever greater wholes, simultaneously and at all times. Holons are both autonomous and 
dependent structures at the same time (Wilber, 2001; Van Eijnatten et al 2001).  This 
principle represents the idea of emergence which implies that the parts are more than the 
whole and understanding of the whole cannot be derived from an understanding of the parts. 
Morin argues that these three principles are interwtined and that they are linked to each other. 
 
In summary the main assumptions underlying most learning theories were defined as: 

• That they assume that the individual and the social are two separate phenomena. 
• That there is a linear causal flow between experience, interpretation and representation 

of that experience in mental models.  
Morins’ thoughts aknowledge the fact that there is a duality in all systems – be it an 
organization, an individual or a society, while he on the other hand emphasizes that complex 
phenomena emphasize the relational character of these systems whereby the principles 
defined by him can help transcend that duality. By focussing on the relation, the importane of 
interaction within systems comes to light. Let us reflect how these mechanisms might affect 
the individual learning process and the process underlying the change-over from individual 
learning to organizational learning.  

3.1 Individual process of learning 
Let us first reflect on the individual process of learning. The underlying viewpoint in most 
learning theories is basically a mechanistic perception of reality. This viewpoint operates on 
the fundamental assumption that there is something like an “objective world” out there – 
stemming from the distinction between subject and object – and this objective world is the 
same for everyone. This means that experiences that are similar are interpreted in the same 
way and eventually represented in individual mental models. There is a causal relation 
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between experience, interpretation and representation.  As far as the process from individual 
to organizational or collective learning is concerned, in principle the same mechanism applies.  
A mechanistic perception on reality rests on the assumed dichotomy between an individual 
and his environment. This distinction between subject and object or ‘agency’ and ‘structure’ 
is quite fundamental in the social sciences and can be traced back to the sixties, when Parsons 
(1964) wrote his book on social theory and developed thoughts on structural functionalism. 
His basic assumption is that individual and structure are two separate entities and that they 
should be studied as such. “Agency” refers to the capacity of the individual to make choices 
and the behavior that follows from these choices.  “Structure” refers to the outcome of that 
behavior that can become institutionalized in organizations by means of the culture, 
procedures, routines, and decision-making processes. The existence of cognition is not denied, 
but cannot be empirically assessed. In that sense the distinction between the two is 
constructed in order to make reality accessible for scientific research.  
Under the influence of cognitive psychology in the seventies Weick (1976) developed his 
ideas and the concept of “enactment”. He regarded subject and object as two sides of the same 
coin and in so doing reasserted the position of the individual as an active player in 
constructing reality. Following on Weick, Maturana en Varela (1991) spoke of an “embodied 
mind” and “enacted cognition”, whereby they saw reality as the embodiment of the processes 
that took place in our brain. Giddens (1976) developed his ‘structuration theory’ along the 
same lines. With his theory he aims to bridge the gap between individual elements and 
structural mechanism embedded within organizations by linking them through interaction.  
 
Referring back to Morin’s thoughts, we argue that the first two principles – the dialogic 
principle and the principle of recursivity – may play a role in the individual learning process 
to break with the distinction between subject and object. The dialogic principle because it 
creates the possibility to transcend the constructed duality between an individual and his 
environment, and the recursivity principle because it underlines that this relatinship is 
recursive. People “enact” their reality and in so doing they form and transform their 
environment through interaction. Through conversations, dialogues, goup meetings; 
individual and shared meaning is constructed.  Fonseca (2002) for instance speaks about 
“complex processes of relating”, that become manifest in the dialogues and conversations 
between people and are aimed at creating a “shared understanding and meaning” about 
reality. These dialogues and conversations are subsequently laid down in temporary 
structures, which are subject to continuous renewal and change.  
Learning in this sense is not transfer of knowledge but creation of knowledge through 
interaction and dialogue. This stresses the importance to come to terms with the supposed 
duality between subject and object and as a consequnce with the non-linear character of social 
phenomena. 

3.2 Dynamic behavior and non-linearity 
Linearity implies that the whole is the sum of the parts and that the future is a linear 
projection of the past. Linear behavior implies that input and output are causally related in a 1 
to 1 relationship. This means that the future can be predicted with the help of mathematical 
projections on the basis of experiences of the past. How may this affect the view on the way 
individuals learn? The linear viewpoint also operates on the assumption that the objective 
world is the same for all observers. This means that we have certain experiences and there is 
an interpretation of them by means of which those experiences are reported back. Within a 
complex adaptive system everything is relational. Stacey (2001) phrases it as follows: “what 
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conditions the experience is not just what is received from some presumably unchanging out 
there, but the interpretations we bring to bear on the experience. How we represent the 
experience, symbolize it, and metaphorize it has as much influence on the experience as the 
experience has on the representation, symbols, and metaphors. In essence a recursive 
relationship occurs between the experience and the representation that cannot be disengaged. 
Within this context, the causal flow from the object to the experience to interpretation breaks 
down. We cannot separate the experience from the representation, nor the representation from 
the experience” (Stacey, 2002: 115-116). When we recognize the recursive relationship 
between experience and representation we are operating in the domain of non-linearity. In so 
doing we set up an environment that is constantly expanding and open. 
 
When we become locked into a closed system in which we generalize from the past to come 
to conclusions about the future, according to Stacey we cannot break out from the systems 
about which we are generalizing. Nor can we break out from the interpretations that we bring 
to bear on our experiences. Since our environment constantly changes we remain stuck and 
co-evolution cannot take place. Co-evolution is a very important phenomenon in complex 
systems. Co-evolution is defined by Lewin and Volberda (1999) as the joint outcome of 
manager’s intentional behavior, environmental changes and institutional effects. Co-evolution 
assumes that all changes may occur in all interacting populations of organizations. Change is 
driven by interactions and feedback from the rest of the system and as such is recursive. This 
means that it is not necessarily the outcome of either managerial adaptation or environmental 
selection, but the joint outcome of managerial intentional behavior and environmental effects. 
Co-evolution is multi- level and multi-directional. This means that organizations and parts co-
evolve with each other and with the changing organizational environment causing mutual 
interactions and feedbacks between all elements of the system. It is here that Morin’s 
hologrammic principle comes to life. Holons were defined as entities that are both wholes and 
parts of ever greater wholes, simultaneously and at all times. The same applies for individual 
and organizational mental models. Individual models are formed and transformed under the 
influence of organizational mental models and vice versa. We will see later that this is the 
essence of emergence. Let us now reflect more in depth what the implications are of 
complexity on the process of transcending from individual knowledge to organizational 
knowledge.  
 

4. FROM INDIVIDUAL TO ORGANIZATIONAL LEARNING 
We have discussed what the dominant views are on the relation between individual and 
organizational learning. Let us reflect on the implications of complexity theory on this 
relationship. Two concepts play a very important role: emergence and self-organization.  

4.1 Emergence and self-organization 
Emergence can be defined as the behavior that surfaces out of interaction of a group of 
people, whose behavior cannot be predicted on the basis of individual and isolated actions 
(Coleman, 1999). Holland (1998), one of the pioneers in the field on complexity thinking, 
says about emergence (p. 13): “Emergence occurs when the activities of the parts do not 
simply sum up to give activity of the whole. For emergence the whole is indeed more than the 
sum of its parts. So emergence looks at wholes and parts and especially at the interaction 
between the two. Emergence and self-regulation are connected in the sense that the 
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interaction underlying emergent phenomena tend to behave in a self-organizing way – it is 
not subject to rules imposed from above, but the rules emerge in the process of interaction 
and are as such self-organizing”. To understand emergence we must look at the interaction 
between the wholes and the parts. According to Sherman and Schultz (1999), when we talk 
about emergence and relate that to learning we are describing a process that occurs in the 
domain of information. Ideas emerge, metaphors emerge, and concepts emerge. The fuel of 
emergence is feedback, more in particular feedback between our models/metaphors and our 
behaviors. This implies that we cannot simply understand out behavior by referring back to 
our models, because in that process our models are already changing and as such the relation 
is recursive and cannot be de-composed. For emergence to occur self-organisation plays an 
important role.  
According to Axelrod & Cohen (1999) and Holland (1998) self-organisation is characterized 
by four elements: 

• Aggregation  
In a nutshell aggregation means that the whole is more than the sum of the  
parts. Aggregation and emergence are linked to each other in the sense that  
aggregation is an emergent property. Non-linearity and aggregation are also linked  
to each other, because the aggregation of disparate events can result in non-linear  
behavior.  
• Diversity/Variety.  
It is important that a complex system have a significant variety of individuals or agents. 
According to Axelrod & Cohen (1999) diversity is a measure of the system’s variety: the 
greater the diversity the more fit it is. In an ecological context, diversity refers to the 
number of species that inhabit an ecosystem.  
• Flows 
Flows refer to the fact that systems consist of networks of interactions, comparable to the 
patterns of cells and neurons enfolded in our brain.  
• Attractors 
An attractor is a model representation of the behavioral results of a system. The attractor 
is not a force of attraction or a goal-oriented presence in the system, but simply depicts 
where the system is headed based on the rules of motion in the system. It is a descriptive 
force (Lissack, 2000).  

Holland views self-organization as the capacity of open and living systems to generate their 
forms from inner guidelines, rather than the imposition of form from the above.  

 
The heart of complex adaptive systems is formed by agents – which can be individuals, teams 
or organizations –and their cognitive schemes. Agents are basically entities that show 
intentional behavior; it is a definition stemming from the computer sciences where agents are 
comparable to a piece of software that is autonomous – in that sense it resembles humans. 
These agents have cognitive schemata, which enfold their mental models. We have seen what 
the role and importance is of these models for learning and behavior. Complex systems 
operate best in the transition phase between stability and disorder according to Kauffman 
(1993). Selection and learning drives these systems towards the edge of chaos. This is a co-
evolutionary process, which refers to the joint process of human intentional behavior, changes 
in the environment and institutional effects. Co-evolution implies that these three elements 
feedback and forth into each other. In practice this means that on the one hand organizational 
routines – shared mental models - need to be flexible enough to avoid inertia – in that sense 
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they continuously change -, while on the other hand they need to offer enough support in 
order not to revert to chaos.  
Emergence is a very important phenomenon in complex systems. Holland (1998) compares 
emergence with a game of chess. The rules underlying the game are quite straightforward and 
simple. The outcome however depends on the people playing, their mental models, the 
strategies they will pursue in response to the strategies chosen by each individual player. A 
game of chess shows how interactions feed back and forth on each other; players, strategies, 
and the course of the game. The process is not only hugely complex, but the outcome is also 
unpredictable: it emerges bottom-up.  
 
Before dealing in detail with the consequences of these mechanisms, let us reflect on how 
learning and complexity theory may affect innovation processes in organizations.   

5. INNOVATION, LEARNING AND COMPLEXITY   
The domain of innovation is as fragmented as that of learning, which does not contribute 
much to unraveling the complexity that underlies these processes. The fragmentation affcts 
the defintion of innovation, perspectives and modelling of innovation.  

5.1 Definitions of innovation  
We will start by briefly defining innovation. In most cases innovation refers to an invention, 
which can either be a new product or service. Innovation processes refer to the stages an 
invention has to go through before it is launched in the market (e.g. Utterback, 1994). These 
definitions are grounded in Newtonian equilibrium theory and subsequent traditional 
managerial thinking that can be traced back to Taylorism (1911) and his thoughts on 
principles of scientific management. These thoughts were later taken up by Henry Ford and 
affected management thinking till the eighties. Then new ideas started to emerge, amongst 
which those of T. Peters (1982), author of the book “Thriving on chaos”, which influenced 
organisational theory and thinking. Evolutionary theory (e.g. Nelson & Winter, 1982) and 
organic models of organisations emerged as a consequence. Companies were compared with 
living systems that evolved according to biological rules.  
 
Parallel to these developments, thoughts about innovation changed over time, whereby the 
transition that took place from an industrial to a knowledge economy, was the most important 
one, affecting the conceptualisation of innovation and its place within the organisation. 
Whereas innovation traditionally relies heavily on input factors, which are mostly tangible in 
nature, i.e. land, labour and capital; the input in a knowledge economy is intangible, namely 
knowledge. Innovation in this paper is defined as a process wherein knowledge is acquired, 
absorbed, assimilated, shared and used with the aim to create new knowledge. This new or 
re-created knowledge becomes embodied in new products or services.  
 
Innovation defined as a knowledge management process stresses the importance of the 
cognitive aspects of people, instead of only the procedural aspects. This affects the innovation 
pocess. It is exactly the human component of innovation, which makes the outcome of 
innovation processes unpredictale. Contrary to mainstream views – that innovation follows an 
orderly sequence of stages or a random sequence of “blind” events – Cheng & v.d. Ven 
(1996) have demonstrated that innovation processes exhibits chaotic patterns and as such they 
are dynamic and non-linear; not orderly, nor predictable. Innovation defined as knowledge-
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based seems to imply that innovation is mainly a mental process. This is however only partly 
true, and this is related to the perspective from which one can analyze innovation. 

5.2 Perspectives on innovation 
According to Slappendel (1996) – in broad lines three perspectives on innovation can be 
distinguished: 

1) An individualist perspective assumes that individuals are the major source of change in 
organizations. The actions of individuals are not seen to be constrained by external 
factors; instead individuals are perceived to be self-directing agents who are guided by 
the individual goals they set. The focus is on personal traits, skills, competencies and 
characteristics of individuals that can be denominated as innovators.  

2) A structuralist perspective assumes that innovation is primarily determined by 
organizational characteristics. Stuctural functionalism and schools of thought like 
open systems theory and contingency theory account for the influence of this approach 
in the research domain. One of the representatives of this approach is the earlier 
mentioned Parsons (1964). According to him organizational behavior is constrained 
by impersonal mechanisms that act as external constraints on people. This approach 
seeks to understand these constraining mechanisms by studying the characteristics of 
organizations at the system level. 

3) An interactive process perspective or collaborative perspective (Van de Ven & 
Dooley, 1999) attempts to bridge the gap between individuals and structures by 
accounting for both individual and structural factors through an analysis of their 
interconnection. This last approach takes a more integrative stance in trying to explain 
the relation between organization and employees and customers or other stakeholders.  

 
Though the interactive process perspective seems to acknowledge the fact that there is 
interplay between individual elements and the organization, it primarily focuses on the 
behavioral aspects of individuals, and pays insufficient attention to the cognitive processes 
underlying behavior. As such all perspectives are very much influenced by behaviorism and 
to a lesser extent by cognitivism. This is also reflected in the two dominant theories in the 
domain of innovation: neo-classical economics based on the ideas of Newton and 
evolutionary theories based on Darwinian evolution theory.  
Newton’s ideas paved the way for thoughts of organizations as systems in equilibrium. 
Negative feedbacks – in the form of budgets and other control mechanisms - are in place to 
maintain that equilibrium. Reality is seen as decomposable in elements that are causally 
related to each other. Understanding the parts leads to understanding of the whole is the 
assumption. The father of innovation theory – Schumpeter (1934) – translated these ideas to 
his theory on innovation, which he regards as exogenous to the organization: “innovation is 
exogenous- a stone thrown in the tranquil pond of equilibrium”.  
 
In the eighties the thoughts of Nelson and Winter (1982) gained attention and their ideas 
based on the evolution theory of Darwin. An evolutionary perspective regards innovation as 
an incremental learning process. A number of assumptions underlie Darwinian evolution 
theory; the most important being that social systems evolve according to Darwin’s principles 
– variation, selection and reproduction: 

1) Principle of variation - members of a relevant population vary in characteristics that 
convey selective significance). 
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2) Principle of heredity - that the characteristics of individual entities are copied over 
time by appropriate mechanisms. 

3) Principle of selection - that interaction between the entities in a specific setting implies 
that some entities have sets of characteristics better suited to their survival and growth 
in the population. 

Nelson and Winter argue that neo-classical theories of the firm cannot explain organizational 
change. According to the authors the two main parameters – profit maximization and 
equilibrium - are quite rigid and equilibrium can never be reached because external 
circumstances change on a continuous basis. Companies adapt in order to survive and 
according to them their existence is determined by routines, which form the heart of an 
enterprise.    
 
Complexity theory distinguishes itself from evolutionary theory in a number of ways, the 
most important being that contrary to how biological systems work, complex social systems 
consist of human agents that demonstrate intentional behavior, are intelligent and influenced 
by their mental models. This again underlines the importance of cognition in the innovation 
process and this will also affect the way innovation is modelled.  

5.3 About innovation models 
Theories and paradigms form the fundament of models. In most organizations models are 
used as a mechanism to control and manage processes, information, and decision-making. 
Models are a simplified representation of reality, which in that sense are aimed at reducing 
complexity.  
In broad lines two types of models can be discerned: linear models and interactive models, 
which if we look closely at them are also linear. The distinction in the models is primarily in 
the driving force of innovation, which can either be R&D or consumer preferences. 
Interactive models take the mutual interaction between strategy, competencies, external 
factors and internal skills into account, but are as much input-output oriented as the prior so-
called first generation models.  If we look at the models that organizations usually implement 
to support innovation projects; they are mostly linear. This means that input and output are 
supposed to be related to each other in a causal flow and that the outcome as such can 
therefore be predicted. We saw earlier what the consequences are of this perspective on 
learning.  
 
To demonstrate what the effects might be of defining an innovation project and modelling the 
innovation process as a complex adaptive system a conceptual model was built which 
integrates the main concepts of complex systems. Lewin et al  (1998) propose that to model 
complex adaptive systems a) agents’ characteristics have to be identified; b) the relationship 
amongst agents and c) the way agents co-evolve. The questions that are relevant are: 
 

• Who are the people responsible and involved in the process?  
• What are the cognitive schemata of the agents? 
• How are agents connected and how do these connections change over time? 
• What are the pay-off functions and trade-off’s between agents? 
• How does the system (and subsystems) evolve over time? 

How can such a model be represented and eventually be used by a manger to create the 
environment for creativity and new ideas to foster, since that in the end is what innovation is 
all about? 
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Figure 2: Innovation as a complex adaptive system 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Learning and adaptability is what drives agents in this model. Whereby they are both part of 
that reality and form and transform it through interaction. As a consequence some 
fundamental distinctions will characterize this way of modeling an innovation project: 
Definition of innovation – Contrary to mainstream definitions of innovation as a product or 
service, an innovation – or invention – will be defined in terms of the outcome of a 
knowledge process, whereby the product or service is merely the embodiment of new 
knowledge. Innovation is synonymous with knowledge creation.  
Characteristics of agents – De agents determine how the system will evolve and co-evolve 
together with the other agents. This touches upon a very fundamental aspect of organizations, 
which expect people to adapt to the organization.  
Representation of an innovation project – A model is not a static representation of reality. 
Also the model is subject to feedback forces resulting from the interaction among people and 
between people and the environment. Interaction patterns might emerge in time, which can be 
used to develop a modular model of innovation, which however will also be subject to 
adaptation and learning. 
Degree of control – In complex systems control is distributed over the agents; there is not one 
centralized control mechanism that determines behavior at system level. This has implications 
for the way cohesion within the team is achieved and individual and group learning can be 
achieved. Individuals learn through interaction, when knowledge is shared and assimilated. 
Lessons that develop in this process cannot simply be aggregated to higher level because the 
process is dynamic and changes over time. Group evaluations are important but must focus on 
the relational aspects of the process and resulting strategies.  
Sensitivity to initial conditions – Depending on the initial conditions, effects are unforeseeable 
and outcomes unpredictable. This has to do with the high degree of sensitivity to these 
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conditions, which means that even minor differences might have unforeseen effects – the so-
called “butterfly effect”. 
 
So far the theory, the next section will give an insight in what the consequences might be and 
explore the practical implications of the theoretical ideas developed in these paragraphs.   

6. LEARNING, INNOVATION AND COMPLEXITY: A SIMULATION MODEL  
In the Introduction of this paper two perspectives on innovation and learning were identified: 
one that focuses on the actual product innovation and one that emphasizes the process of 
innovation. In this paper the focus of attention was on the process of innovation, whereby 
innovation was defined as a knowledge process and products are regarded as the embodiment 
of knowledge. This definition of innovation falls within the knowledge-based paradigm of 
organizations whereby people are the most important asset because they are the owners of 
knowledge.  Learning plays a crucial and fundamental role in this process it was argued, since 
without learning individuals cannot create new knowledge and subsequently knowledge 
cannot be aggregated at the level of the organization. The question is how people learn and 
how individual lessons may eventually develop into lessons at a higher level- be it a group or 
an organization. Complexity theory argues that this is done through interaction – between 
people and between people and the system – and that hence this relationship is recursive and 
comparable to a holon. The main characteristics of complex systems were defined as dynamic 
and non-linear behavior, self-organization and emergence.  
 
To explore the underlying processes in an innovation project a simulation model was built as 
a complex adaptive system. The model used was a multi-agent model – RePast – that offers 
the opportunity to simulate a group of people and their emergent behavior. The agents that 
were modeled represented a group of people in an innovation project. Since the aim was to 
establish how agents learn and whether they learn; their main characteristic was individual 
knowledge. A distinction was made between 6 types of knowledge – expertise or function-
related – in addition to factors like trust, motivation, control. If learning takes place it is 
through interaction. Individual learning becomes manifest when an agent changes of color and 
only occurs if a certain threshold value has been reached. Group learning occurs in the same 
way, but only if all the agents within a category (e.g. marketing managers) have reached their 
individual thresholds.  
The agents were initially modeled in a hierarchy, which resembled the way projects are 
organized in companies.  
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The simulation was run under varying circumstances and it lead to some interesting insights 
about individual and group learning. Individual learning seems to depends on a number of 
factors, but the most important are: 

• Who an agent met. 
• How often an agent met a certain other agent. 
• Which characteristics the agents respectively had. 
• The initial ‘values’ of the characteristics of the agents.  

 
Individual learning occurs through interaction but it depends largely on who an agent meets, 
what his characteristics are, what the characteristics are of the agent he interacts with. This is 
combination with the degree of trust and motivation he feels.  
Collective learning – i.e. within a group of managers, or within a group of R&D people – 
depends on the same factors, in addition to the degree of control exerted by the project 
managers and senior managers. A run wherein senior managers were left out of the hierarchy 
showed that learning took place faster than in prior cases which hinted at the existence of self-
organization.  When the project managers were however also removed, no learning at all took 
place. This seems to suggest that a certain degree of control is necessary.  

7. CONCLUSION 
What conclusions can we draw on the basis of the above and what are the practical 
implications of what has been discussed in this paper? Let us first reflect on the implications 
for the process of individual learning. The main finding is that individuals appear to learn 
through interaction whereby it depends largely on whom an agent meets and what he knows – 
in combination with other factors – whether or not individual learning takes place. Control 
and trust in combination with motivation seem to affect the extent to which learning may 
transcend the individual and become group learning.  
The model is exploratory, and needs to be developed further but the findings pave the way to 
pursue the line of thought developed in this paper.  
 
The practical implications of the theoretical ideas developed in this paper and the findings 
from the simulation model, will mainly affect management of innovation projects: 

1) Managers’ perception of reality -Reality is not static and linear, but complex, dynamic 
and non-linear and as such unpredictable.  

2) The role of the manager – Instead of acting as a central authority and exerting top-
down control, the manager’s role will be facilitating and geared towards creating the 
right environment for self-organization.  

3) The concepts used – Instead of speaking of objectives, targets and strategy, concepts 
like initial conditions, emergent behavior, fitness landscapes, dissipative structures are 
important.  

4) The organization of innovation processes- Processes do not only consist of decision-
making, procedures and information exchange but as much of cognitive aspects of 
which individual knowledge is a very important one.  

5) Learning within and from projects – Learning is not focused on the procedural aspect 
of innovation projects, but on the relational aspect that underlies interacting people.  
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