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Introduction 

 

There is no general agreement about the exact meaning of a complex system and the 

distinction between complexity and simplicity, but there is general agreement about 

their characteristic features. Complexity offers a broad category: it can signify chaotic 

dynamics, non linear systems, dissipative systems, or refer to cellular automata, 

neural networks, adaptive algorithms, disordered many body systems, pattern forming 

systems. 

 

Herbert Simon gives the following definition of complexity 

“By a complex system, I mean one made up of a large number of parts that have many 

interactions” . 

 

Here we will use the term complex adaptive systems (CAS). Complex adaptive 

systems analysis (CAS) has its roots in the biological sciences What distinguishes 

complex systems in the business and social world is the extent of their dependence 

upon expectation and anticipations. CAS in the physical world have the capacity to 

learn from the past (experience) and adapt. The immune system, ecologies, the brain, 

are examples of complex adaptive systems: so is the global economy.  

 

The common feature of complex adaptive systems (CAS) is that they acquire 

information about the environment, identify regularities in the information, and 

condense regularities into schema or models that they can adopt to handle the world. 

In each case there is a variety of different models and the results from dealing with the 

world feedback to influence the choice of schema.  

 

The capacity to learn from experience is itself the product of evolution. Complex 

adaptive systems have a tendency to create other such systems. Evolution of 
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individual thinking and learning leads to human cultural evolution, that leads to the 

evolution of organizations and societies, or economies, or technologies. 

 

Four characteristics of complex adaptive systems 

 

I will focus on four characteristics of complex adaptive systems. 

: 

• Interdependence 

• Possibility of emergence 

• Adaptation and learning 

• Ambiguity 

 

Interdependence 

 
Complex systems are made up of interdependent interacting parts. They can be 

illustrated by networks or wire diagrams consisting of interconnected nodes. 

Interconnectedness gives rise to non-linearity. The cliché is synergy (2 + 2 = 5 or in 

the case of negative synergy 2 + 2 = 3). The idea of non linearity comes under very 

many different names: synergy, linkages, network effects, complementarity, 

superadditivity. In the case of negative synergies we have terms like diseconomies, 

overcrowding or negative spillover effects, subadditivity. 

 

An organization for example is made up of a network of interconnections at many 

different levels; teams, projects, divisions, functions, business units. We will call 

these interconnected elements (nodes) activities. So we have a network of 

relationships at particular levels (business units in an organization, between 

organizations in an alliance) and between levels (businesses interacting with teams or 

with outside organizations). See Figure 1.  
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Interactions mean that it is difficult to find the boundaries of organizations and many 

organizations are bigger than their assets values. Think of the alliances and 

partnerships and the panoply formal and informal arrangements that thy have with 

other organizations.  

 

Interactions also mean that the system contains feed back effects (self reinforcing 

mechanisms). A change in one part of the system causes changes in a second part 

feeds that feeds back on the first part and so on. Every part of a system is potentially 

linked to every other part. Thus we can no longer think in terms of simple cause effect 

relationships (A causes B) but of patterns of relationships, evolution and the 

emergence of novelty. This brings us to a second aspect of complexity: possibility of 

emergence. 

 

Emergence 

 

Non-linearity gives rise to emergence: interdependence brings the possibility of the 

evolution of something entirely new. Not only is the whole more than the sum of the 

parts but the whole cannot be reduced to the parts. We see this everywhere in complex 

systems. They are irreducible in that they cannot be understood just by looking at the 

parts. Thus oxygen and hydrogen, both gasses and both flammable result when 

combined in the emergence of an entirely new entity,  water. 

   

Again the image of a network is useful. What makes one organization perform better 

than others is not just the assets it possesses but how these assets are networked 

together.   

 

A critical aspect of core capability or dynamic capability is the emergence of sources 

of competitive advantage that rivals cannot emulate or copy. 
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Emergence is a surprise-generating mechanism dependent on connectivity for its very 

existence. It refers to the often unexpected properties of a global system that are not 

present in any of the individual subsystems- properties that arise from interactions.  

 

The difference between complexity arising from emergence and that coming only 

from connection patterns lies in the nature of the interactions between the various 

components of the system. For emergence, attention is not placed simply on whether 

there is some kind of interaction between the components but also on the specific 

nature of those interactions. For instance, connectivity alone would not enable one to 

distinguish between ordinary tap water, which involves an interaction between 

hydrogen and oxygen molecules, and heavy water (deuterium), which involves an 

interaction between the same components but with an extra neutron thrown into the 

mix. Emergence would make this distinction. In practice it is often difficult (and 

unnecessary) to differentiate between connectivity and emergence, and they are 

frequently treated as synonymous surprise-generating mechanisms. 

 

We must qualify by noting that emergence is not inevitable. Organizations and 

economies can spiral upwards or downwards. New structures, products and 

technologies may emerge or they may collapse into extinction 

 

Adaptation and learning 

 

A third aspect of complex adaptive systems is precisely that they adapt. Decision 

makers (agents) in a complex system invent their own models to understand how the 

system works. Then they can adapt their behaviour according to particular 

circumstances of time an place.  

 

Oganizations are complex adaptive systems. We only need to think about the 

enormous number of interactions between activities (in the value chain for example) 

to see this. Techniques of adaptation are locked into knowledge within an 

organization and reflected in deeply ingrained schema: schema is a word to describe 

the systems, routines, structures, architectures, cultures and value systems that exist in 

the organization.  
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An organization's actual state is essentially hidden in its complexity as a whole from 

any single person's view, exceeding human perceptual, intellectual, and analytical 

capacities. The perceived organizational state is an amalgam of images, stories, 

thoughts, beliefs, and feelings.  

 

Decision makers try to use such schema to interpret the environment and to extend the 

capabilities of their organization. Learning is an extension of the knowledge base 

 

First-order learning  

First-order learning involves comparison between a perception and an expectation 

(via the schema); errors are corrected in a simple, cybernetic way through negative 

feedback. Most problem-solving hinges on first-order learning: a problem is perceived 

as such because the current, observed organizational state does not match the 

expected, desired state. Appropriate corrective action is taken.  

 

Second-order learning  

Second-order learning involves active manipulation and change of the interpretive 

schema. One barrier toward such learning is that high skill in first-order learning, 

leading typically to financial rewards and promotion, may detract from the ability to 

perform second-order learning.  

 

Ambiguity 

 

A fourth aspect of complex systems is intriguing: they include the possibilities of 

contradiction and ambiguity. They include possibilities of order and disorder, 

randomness and chaos, determinacy and indeterminacy. They embody the kind of 

contradiction that we meet in life. 

Complex adaptive systems are interdependent systems. They involve feed backs. In 

such systems we may not be able to assign strict causality between A and B. 

Consider the network in Figure 1. A affects and is affected by B,C, D,……… 
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Further properties of complex systems 

 

• Interactions are usually short range. This does not preclude wide ranging influence 

through a series of interactions. 

• There are loops of interactions. The feedback can be positive or enhancing or 

negative and inhibiting. 

• Complex systems are usually open. They interact with their environment and it is 

difficult to draw boundaries. The scope of the system is usually determined by the 

purpose of the description of the system: the framing or position of the observer. 

They have a history. The past is co responsible for their behaviour. 

 

 

Dynamic Capabilities and Complexity 

 

The idea of dynamic capability (sources of competitive advantage it is difficult for 

rivals to copy) is linked to complexity. The notion of capability would be meaningless 

without interdependence. Capabilities exist at the level of  

• individuals and  

• routines 

in (combinatorial) relationships  

i. within organizations and  

ii. between organizations and their environments.  

 

Routines 

 

Knowledge is largely tacit and embodied in organizational routines. Routines are a set 

of patterned stimulus response reactions via schema.  Routines are building blocks. 

Linkages between routines can produce positive synergies (complementarities).  

 

Architectures 

 

Architectures describe the way routines are linked. Linkages may be formal 

(structures, systems, hierarchies) or informal ( cultures, traditions, shared values)  
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The complexity paradigm 

 

The complexity paradigm uses systemic inquiry to build fuzzy, multivalent, multilevel 

and multidisciplinary representations of reality. According to the paradigm, systems 

can be understood by looking for patterns within their complexity: patterns that 

describe potential evolutions of the system. Descriptions are indeterminate, 

complementary, and observer-dependent. Change takes place through environmental 

adaptation and self-organization; control and order are emergent rather than 

hierarchical. 

  

The theory of complex adaptive systems originated in the discovery of chaotic 

dynamics. Chaos theory has developed along two dimensions.  

• Experimentalists have found ways (primarily grounded in topology) to discover 

deep and complex patterns in seemingly random or chaotic data.  

• Others, use chaos to describe how order can arise from complexity through the 

process of self-organization.  

 

The main characteristics of chaotic systems  

 

Chaos theory relates to a particular aspects of complex systems.  

 

(a) Randomness: seemingly random behavior may be the result of simple non-linear 

systems (or feedback between coupled linear systems),  

(b) Chaos: chaotic behavior can be discovered via various topological mappings,  

(c) SDIC: non linear systems can be subject to sensitive dependence to initial 

conditions; sensitivity forces a re-examination of causality which now must be 

considered multilevel and multi determinate (Abraham et al., 1990),  
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(d) Edge of chaos: systems that are pushed far-from-equilibrium (at the edge of 

chaos) can spontaneously self-organize into new structures, and  

(e) Bifurcation: changes in the essential nature of a system take place when a control 

parameter passes a critical threshold (a bifurcation point).  

 

 

Managing for self adaptation  

 

Much literature is devoted to the idea of managing at the edge of chaos. In my view 

the literature has limited value. However at the root there is an interesting idea. If 

there is too much order (schema are too stiff and tight) change cannot happen. If there 

is chaos then change is uncontrollable. So the state that is ripe for self adaptation  

Here are a few ideas for organizations. 

 

(a) work with (define, discuss, change) organizational boundaries;  

(b) connect the system to its environment (customers, suppliers, competition); 

(c) difference questioning (seek divergence in group discussion, a method based on 

similar approaches first developed in family systems therapy;  

(d) purposive contrast (heightening awareness of the state gap; challenge self-

fulfilling prophecies;  

(e) challenge assumptions creatively;  

(f) develop nonverbal representations of the system, such as Morgan's imaginization; 

and  

(g) take advantage of chance (statistical methods which generate knowledge via 

outliers).  
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