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Abstract 
Within the last few decades, Information and Communication Technologies 

(ICTs) have transformed business, prompting the evolution of a more complex 

and dynamic digital environment. Today, organisations exist within a networked, 

diverse and e1J1ergent ecology; a transformative landscape demanding continuous 

adaptation and innovation. While many businesses are still coming to terms with 

the impacts of the first Internet revolution, a new collective breed of interactive, 

online social ICTs called U7eb2.0 threatens to again alter the rules of engagement. 

No longer serving functions of mere utility, the new Internet platform is now 

being employed to extract more value out of everyday human interactions. It 

promises to improve personal networking and relationships, stimulate the 

exchange of ideas and values, amplify personal opinions, build reputations and 

catalyse the development of new products and services. By fostering the 

socialisation of experience and the exchange of user-generated content deeply 

seeded within personal judgements and contexts, JPeb2.0 is stimulating what could 

be argued as knowledge (and not just information) transfer. Subsequently, online 

social ICTs are transforming members of general society into active participants 

in the genesis of new value, a usage pattern employing tightly-coupled interactive 

technologies to promote purposive business progression in structure (form), 

function and behaviour. 

However, the interactive Internet platform is in its infancy, with little in the way 

of a tailored theoretical framework available for directing such complex digital 

business .rystems' design. Consequently, knowing what, where and how to employ 

new Internet technologies to assist business development and innovation is an 

ambiguous endeavour. Many JPeb2.0 technologies and approaches are somewhat 

new and most are employed in close correlation to business models and modes of 

operation. To help comprehend the intricacies of this participative organisational 

reality, this thesis adopts an exploratory and reviewing approach, synthesising the 

multidisciplinary complexi!J sciences literature to produce the theoretical framework 

of Complex Business Systems (CBS). Offering an alternative ontological 

perspective for business systems development, this framework accommodates the 

relative interconnection and influence of se!freflectii1e human agents within the 
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ever-construction of organisational and market outcomes. Finally, preliminary 

steps toward a demonstration ·of the suitability of the CBS framework as a 

heuristic guideline underpinning the analysis, design and development of complex 

digital bt1si11ess .rystems is performed, by emplo}ing it toward an 011lim knou!/edge 

networking application within the Small to 'Medium Enterprise (SME) space. Early 

indications are that the CBS framework offers tremendous insight into both 

requirements selection and the design of interactive, online social ICTs. 
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Introduction 

Chapter 1. Introduction 

Introduction 

This chapter provides the background and scope of this research thesis, as well as other 
information of importance including key assumptions, ethical implications, the approach 
taken, publications and a summary of the original contributions made within this thesis. 

Chapter structure 

1.1 BACKGROUND TO THE RESEARCH 
1.2 RESEARCH PROBLEM 
1.3 RESEARCH SCOPE 

1.3.1 What's in? 
1 .3.2 · What's not? 
1.3.3 Key assumptions 

1.4 APPROACH 
1.5 ETHICAL IMPLICA TJONS OF RESEARCH 
1.6 POSITION OF RESEARCH WITHIN ENGINEERING DISCIPLINE 
1.7 PUBLICATIONS 
1.8 CONTRIBUTIONS 
1.9 OUTLINE OF THE THESIS 



Introduction 

1.1 Background to the research 
Within the last few decades, Information and Communication Technologies (IC1) 

have transformed business, prompting the evolution of a more complex and 

dynamic digital environment. Such technologies as Internet connectivity and 

mobility have disrupted the very fabric of traditional business operations, affecting 

wholesale adaptation and subsequent reliance. However, even as many businesses 

are still coming to terms with the revolutionary effects of such tools, new breeds 

of interactive social mediums like lf:7eb2.0 threatening to again alter the rules of 

engagement. Following on quickly from the first Internet revolution, the 

emerging interactive lf:7eb2.0 online social platform is forcing ~rganisational 

systems to view their existence as part of an expansive networked and 

participative ecology. Within this ecology, some organisations are beginning to 

employ online, social ICTs to better connect with their operational environment, 

attempting to extract information from it, assess it, learn and adapt accordingly. 

:ti.faking this possible is the new platform's ability to improve personal networking 

capacities, strengthen relationships, stimulate the exchange of ideas and values, 

amplify personal opinions, build reputations and catalyse to the development of 

new products and services. Thus, while the first revolution of the Internet 

provided for the creation of a 24x7 global shopfront, B2B integration, global 

distribution channels and other workflow efficiencies, the second revolution is not 

only about selling wares, but the realisation of methods and tools which assist in 

the continuous diverse, socialised development of new offerings. Indeed, within 

the ever-emerging networked economy new interactive online social ICTs are 

affecting a disaggregation of traditional value propositions, transforming everyday 

society into generators of valuable informational resources. 

In promoting information exchange and online (social) collaboration between 

parties, these complex digital b11siness systems often exhibit self-organising and/ or emergent 

behaviour resulting in their value strengthening over time as they evolve in 

structure (form), function and behaviour. Moreover, in many situations, such 

complex digital b11siness systems are closely coupled with business models and modes 

of operation, hence promising to also assist in a business development capacity. 
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Introduction 

However, while much opportunity beckons, there is little in the way of a 

theoretical framework for understanding when, where and how such types of 

online social ICTs could and should be employed. Indeed, the methods which 

facilitate this type of engagement and 'on the ground• learning are dissimilar to the 

systematic scientifically-motivated approaches of the past. Due to their ever-

connected and continuous 'in use' dynamic, such ICT systems cannot be wholly 

separated from business operations, nor the process of data capture and analysis. 

Thus, more systemic frameworks are needed, frameworks which in providing 

context for a continuous 'in use' data capture and analysis, direct the structure 

(form), function and behaviour of both the online social ICT system and the 

organisation itself. 

It is here where the complexity sciences1 are offering insight into the intricacy of 

modern organisational system reality, unearthing a wholly applicable context unto 

which a new appreciation of organisation design and the processes of its 

transformation may be inferred. Not serendipitously, the application of these 

systemil approaches to organisational system behaviour and development is 

delivering a perspective which is participative, diverse, interdependent and 

emergent, a compelling alternate view challenging mainstream organisational 

methodological; selection and pursuant, often implicit, Objectivist epistemological 

and ontological positions. Ultimately, the complexity sciences promise more apposite 

models and heuristics for understanding the chaos of market and organisational 

system development (evolutionary progression), as to, the application of imminent 

online, social ICTs toward participative learning and knowledge creation and the 

effective engagement of the business system to the environment of its immersion. 

In doing so, complexity science is offering an acute appreciation of the sources of 

environmental change and uncertainty and in particular, is also illuminating the 

role which complex digital business .rystems may play in the 'on the ground• 

information extraction critical to the sustained competitiveness of the 

organisational system. 

; Refer to Appendix B : Social research foundations for an explanation of the relationship between 
epistemology, ontology, methodology and method. 
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1.2 Research problem 
This thesis examines the many dimensions and parameters at play within the 

interactive and conversational complex problem space of modern business. To 

help comprehend the intricacies of a participative organisational reality, this thesis 

adopts an exploratory and reviewing approach, synthesising the multidisciplinary 

complexity sdences literature to produce a theoretical framework for Complex 

Business Systems (CBS). Offering an alternative ontological perspective for 

business systems reality, this framework accommodates the relative 

interconnection and influence of se!freflective human agents within the ever-

construction of organisational outcomes. In doing so, it provides a early-stage 

heuristic outline for eliciting architectural design considerations within interactive, 

multi-participant JCT business systems (complex digital business [JS!ems), which both 

connect and exchange information between diverse and knowledgeable 

participants. 

The research problem is defined in more detail in Chapter 3 : Research problem 

(after the problem space has been explored within Chapter 2 : Review and 

discussion). 

1.3 Research scope 
This thesis is concerned with an examination of the breadth of issues influencing 

organisational system development (evolutionary progression) within the complex 

and dynamic digital economy. In particular, it addresses the role of emerging 

online social ICTs and their potential for stimulating new knowledge and 
innovation. 

1.3.1 What's in? 

In particular, this thesis addresses the following: 

~ A thorough review and discussion of the challenges and issues facing 
modern organisational systems operating within a complex and dynamic 
digital business environment. This includes a discussion of the living, 
learning and kno1vledge creating views of the organisation and the need for 
adaptation, active engagement of customers and continuous innovation. 
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Importantly, the implications of complex digital business systems are 
introduced and explored i.e. U7eb2.0 systems which socially connect 
diverse agents, promoting ideas exchange, collaboration and 
participation. 

• An exploration of the multidisciplinary complexity sciences and the various 
views on complexity (in particular Complex Adaptive Systems (CAS)). 

• A proposal of a Classification of Complexity, which delineates 
numerous classes of complexity and provides for an innately human se!f-
rejlective level. 

• A discussion of the systemic implications for organisational systems and 
complexity science's ability to help make sense of the participative, 
coevolutionary and emerxent modern problem space of modern business 
(from a se!f-reflective social human perspective). 

• Synthesis of CAS, se!f-reflective complexity, knowledge management and the 
various implications of complex view of organisational system unto the 
development of a theoretical framework of Complex Business Systems 
(CBS). The intent of this framework is to provide a heuristic backdrop 
for online social ICT design (i.e. complex digital b11siness system design). 

• Application of the Complex Business Systems (CBS) framework to the 
early-stage development of a real online social ICT system for usage 
within the Small to :tvfedium Enterprise (SME) and professional 
knowledge worker space i.e. the Online Knowledge Networking 
Application (OKNA). This application represents the early-stage 
validation and verification of suitability of the CBS framework as a 
heuristic guideline underpinning the analysis, design and development 
of complex digital business systems. 

1.3.2 What's not? 

This thesis is !lQ! about: 

• Mathematical-based models of 'constrained' complexity and eme1gence 
e.g. neural networks, cellular automata, genetic algorithms etc. 

• The behavioural psychology behind participation within complex dig/fa/ 
business system!. 

• Developing 'hard and fast rules' for online social ICT system design. 

• Methodologies for knowledge creation or frameworks for innovation. 

• The semantic web or web ontologies. 
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> K.no1vledge 111anagel!lenl metrics and methods. 

> Organisational system design e.g. optimised structure etc. 

> An exhaustive validation or verification of the suitability of the 
theoretical framework of Complex Business Systems (CBS) as a 
heuristic guideline underpinning the analysis, design and development 
of complex digital b11Sit1ess systems. 

1.3.3 Key assumptions 

The following general assumptions have been made throughout this thesis: 

> The thesis makes numerous references to epistemology, ontology, 
methodology and method. The definition of such concepts and the 
relationships between them are assumed to exist as documented within 
Appendix B : Social research foundations. 

> Based on the work performed by prominent researchers such as Stacey 
(1996), Dooley (1997), Anderson (1999), Axelrod & Cohen (2000) and 
Stacey (2001), the thesis assumes that that organisational business 
systems structure (form), function and behaviour may be appositely 
examined via the comple:.:iry sciences, and in particular, via a Complex 
Adaptive Systems (CAS) perspective. 

> Based on Prigogine & Stengers (1984), Dooley, Johnson et al, (1995), 
Prigogine (1996), Stacey (1996) and Axelrod & Cohen (2000), this thesis 
assumes that the future structure (form), function and behaviour of true 
se!forganising complex systems are unable to be wholly predicted;;. This 
is due to the assumption of inherent nonlinearity within complex 
systems, suggesting that any anomalies or irregularities in the data may 
be exponentially amplified, forcing events of spontaneous se!forganising, 
leading to indeterminate future outcomes. 

> The thesis assumes that the single known class of systems exhibiting a 
capacity for se!freflective complexity (i.e. reflective conscio11sness) are humans 
systems, as posited by authors such as Capra (2002) and Laszlo (1996) 
and considered to by numerous others including Maturana and Varela 
(1987), Prigogine (1996), Stacey (1996) and Corning (1995). The thesis 
Qeither discusses nor debates the notion of reflective consciousness to any 
great extent, as it would be a topic of research unto itself. 

> The link between new knowledge creation and innovation is assumed to 

;; This includes Complex Adaptive Systems (CAS) and complex human systems. 
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be as per Nonaka & Takeuchi (1995, pg. 6)'s model of 'knowledge 
creation ~ continuous innovation ~ competitive advantage.' Within 
this context, it is also assumed that organisational learning and new 
knowledge creation are not too distinct, and indeed knowledge may be 
seen as being at once, the input and output of the learning process as 
professed by Allee (1997) Ancori, Bureth et al (2000) and Teigland 
(2003). 

1.4 Approach 
As the exhaustive validation or verification of the theoretical framework of 

Complex Business Systems (CBS) is outside of the scope of this research, no 

particular data collection methodology was enacted. Instead, this thesis adopts an 

exploratory and reviewing approach. It draws upon the multidisciplinary 

complexity science literature toward an identification of issues, a discussion of 

implications and models, and an apposite synthesis of a guiding framework. 

Nevertheless, this thesis does consider the early-stage validation and verification 

of the proposed framework by examining a real application within the Small to 

Medium Enterprise (SME) space. More precisely, this thesis applies the proposed 

theoretical framework of CBS to examine online knowledge networking within complex 

digital bminess systems (systems of SMEs). Subsequently, high-level inferences are 

made regarding requirements selection and functional design. 

1.5 Ethical implications of research 
Due to the theoretical nature of this research, the ethics secretariat group of the 

University of Technology, Sydney's, Human Research Ethics Committee (HREC) 

advised that ethics clearance was not necessary. 

1.6 Position of research within engineering discipline 
It may be argued that software engineering and application development sit at the 

fuzzy boundary between formal engineering practice and business improvement 

and development. In today's complex organisations, there exists an enormous 

dependence upon software toward the effective delivery of business functions, 

processes, information flows and hence too, competitive advantage (fravica, 

1999). Indeed, within some organisations, software applications deliver the 
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primary means by which they derive their operational advantage (e.g. Jetstar's 

low-cost, direct-sales online booking system (O'Neill, 2004)). Due to this high 

degree of coupling between ICT systems and commercial advantage, software 

engineers with a strong business focus Q.e. an appreciation of business analysis, 

sales/marketing and customer relationship management) shall likely be in high 

demand. Thus, software practitioners who possess a deeper understanding of 

what it means to be in business (appreciating the uncertainties, threats and 

opportunities which new technology brings), are best placed to design value-

added software solutions sensitive to the unique needs of the organisations they 

serve. 

Today, more than ever, business organisations and the environment in which they 

operate are both complex and multi-dimensional. The more recent JCT-induced 

interconnection of business and society has brought to attention the inability of 

simplistic, mechanistic views of organisational development to provide for proper 

longer-term direction within what is a networked, b11siness ecology. In short, society 

and the wider operational space of business organisations is a complex construct, 

boasting emergent behaviours and unpredictable outcomes. 

Thus, by providing an examination and synthesis of the intricacies of Complex 

Business Systems (CBS), this research empowers those with an ICT engineering 

know-how to better understand the broader context of the business problems 

which they are endeavouring to solve through software. By employing the 

theoretical framework of CBS, they shall be able to understand the complexity of 

the whole, emergent complex organisational problems they face and hence, better 

able to balance ICT solutions sensitive to 'controlling' and 'creating' endeavours. 

Ultimately, armed with an understanding of the role of participatory processes and 

agent interaction to organisational system reality and performance, the software 

engineer is better placed to design knowledge-intensive ICT systems i.e. complex 

digital business .rystems which deliver the desired business results as well as a positive 

net return on the investment made. 
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1.7 Publications 
Some work within this research has been presented by the author of this thesis at 

the Institute of Electrical and Electronics Engineers' (IEEE) inaugural 

international conference for Digital EcoSystems and Technologies (DEST) held 

in February 2007. The peer reviewed paper titled 'The emergence of complex 

digital business' has been included as part of this thesis within Appendix E : 

DEST2007 Paper. 

1.8 Contributions 
The major, original contributions this thesis makes are as follows: 

1. Essential Characteristics of Complex Adaptive Systems (Section 4.1.5). 

2. A Classification of Complexity (Section 4.3.1) 

3. A theoretical framework for Complex Business Systems (Section 4.5.1) 

4. An Online Knowledge Networking Application (OKNA) for use within 
the Small to Medium Enterprise (S1'fE) and professional knowledge 
worker space (Section 5.3). 

More detail on these is available in Section 6.3 : Contributions. 

1. 9 Outline of the thesis 
The remainder of this thesis is set out as per the following: 

Chapter 2 ; Review and discussion contains a review and discussion of the 

challenges and issues facing modern organisational systems operating within a 

complex and dynamic digital business environment, including the emergence of 

online social ICTs like W'eb2. 0 (i.e. complex digital b11siness ryste111s). This chapter also 

introduces the various rystemical£y-orientated management perspectives of the past 

few decades including that of the 'living company' the 'learning organisation' and 

the 'knowledge creating company.' Employing these popular meta-methodologies 

as a background, a discussion of knowledge, its role and current state of practice 

within the organisational system is then provided. 
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Chapter 3 : Research problem introduces the topic of this thesis as well as the 

various research questions to be examined. 

Chapter 4 : Framework design explores, reviews and synthesises the 

multidisciplinary complexiry sciences literature to firstly elicit the Essential 

Characteristics of Complex Adaptive Systems (CAS) and then to propose a 

Classification of Complexity in which an exclusively human se(frrflective potential is 

delineated. This chapter finishes with the development of a theoretical 

framework for Complex Business Systems (CBS) and a discussion of its 

implications as an alternate ontological dimension for viewing the development of 

organisational systems. 

Chapter 5 : Knowledge networking within Complex Business Systems 

applies the Complex Business Systems (CBS) framework toward the development 

of a real Web2.0 online social ICT system for usage within the Small to Medium 

Enterprise (Sl\·fE) and professional knowledge u1orker space. In doing so, this 

chapter represents the early-stages of validation and verification of the CBS 

framework. 

Chapter 6 : Conclusions contains a summary of the thesis, detail on the various 

original contributions of the research, and answers to the questions posed in 

Chapter 3 : Research problem. Also, concepts for future research work are 
introduced. 

Terminology contains a full list of referenced terms employed within this thesis. 

Bibliography contains a full list of references to resources used within this thesis. 

Appendices includes a number of additional supporting materials. 

Endnotes contains supplementary material which may be of interest while 

reading the thesis. Endnotes do not contain essential information. 
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Chapter 2. Review and discussion 

Introduction 

This chapter draws upon a variety of JCT, organisational science and complexity science 
literature to uncover the various problems, threats and opportunities facing modern 
organisational business systems. In particular, it discusses the JCT induced (and 
reinforced) paradigmatic revolution of business and the challenges facing the 
development of organisational systems enveloped within the phenomenology of a 
complex and dynamic digital economy. In seeking methodological assistance to these 
challenges, the popular living, learning and knowledge creating views of the organisation3 are 
then investigated, as to their lack of collective foundation from which to enact methods 
of knowledge creation and acquisition toward organisational system survival and 
development. In doing so, the current 'state of the practice' of modern business systems 
is vividly portrayed and the problems and opportunities present within the chosen 
research area made evident. 

Chapter structure 

2.1 THE EMERGENCE OF COMPLEX DIGITAL BUSINESS 
2.1. l From the systematic to the systemic 
2.1.2 The networked revolution 
2./.3 Web2.0: The next frontier 
2.1. 4 Innovation inside: The rise of the consumer 
2.1.5 Lessons from the past 
2./.6 The source of value in the inlellect economy 
2.1. 7 Chaos and Control: Two sides of the same coin 
2.1.8 Changes of science 
2.1.9 A summary of values, beliefs and challenges 

2.2 TOWARD THE SYSTEMIC CONCERN 
2.2. I The meta-methodologies 

2.3 KNOWLEDGE AND ITS MANAGEMENT 
2.3. I Views on knowledge 

2.4 CHAPTER SUMMARY 
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2.1 The emergence of complex digital business 
In today's complex and dynamic digital economy, organisational systems coexist 

and evolve within a transformative ecology of customers, suppliers, competitors, 

complementors4 and cultures (Nalebuff & Brandenburger, 1996). Such exposure 

to changing internal and external influences and interdependencies introduces 

tremendous volatility into the operation of modern organisational systems, 

producing increasingly unpredictable and chaotic business outcomes (Senge, 

1990b, Freedman, 1992, Reid, 1998). Consequently, previously epistemologically 

privileged positions supporting objectivity and repeatability in the application of 

systemali!' scientific processes to organisational system behaviour and design are 

being questioned. In their place, more !)'S/emic, context-sensitive approaches are 

gaining momentum due to their ability to deliver an understanding of emergent 

phenomenon and the subjectivity of problem space and time (Young, 1991). 

More recently, the application of the interdisciplinary complexity sciences to 

organisational and social research is stimulating a profound shift in the 

understanding of organisational system design and the processes of its 

transformation (Goldstein, 1994, Stacey, 1996, Dooley, 1997, Llssack, 1997, 

Anderson, 1999, Dooley & Van de Ven, 1999, Highsmith III, 1999, Lewin, 1999, 

Axelrod & Cohen, 2000, Stacey, 2001, Capra, 2002). While exposing the 

beginnings of an alternative ontological paradigm for organisation reality, such 

examinations of a complex organisational reality have also begun to deliver a 

convergent context for exploring the purpose and premise of the living, learning 

and knowledge creating views of the organisation, providing a wealth of insight 

regarding the principles of enterprise development (Shelton & Darling, 2001, 

Stacey, 2001, Capra, 2002, Shelton & Darling, 2003). Ultimately, the collective 

direction of the application of complexiry sciences is communicating a spatiotemporal(y 

suijeclive, coevolutionary and emefl,enl business environment; confronting (implicit) 

mainstream Objectivist epistemological positions and their ensuing reductionism-

orientated6 methodological foundations. 
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2.1.1 From the systematic to the systemic 

Much of the topical organisational science literature of the past decade has been 

transcribed upon a background of turbulent transition into the uncertainty of a 

hyper-competitive' new economy i.e. a complex and dynamic digital economy. 

Within this problem space, the literature frequently makes metaphorical parallels 

to Rene Descartes' Cartesian world view8 and its concrete realisation, Newtonian9 

sciences' inability to deliver a purposive understanding of the frequently 

unpredictable business realities (Freedman, 1992, Allee, 1999a, Collier & Esteban, 

1999). In summarising the debate, at the core of the linear and mechanical 

Newtonian paradigm are the beliefs of an equilibrium-seeking world where 

control and the shared (but frequently implicit) methodologiii of reductionism 

deliver the pretence of rationality, harmony, predictability, proportionality and 

consensus (Prigogine & Stengers, 1985, Hitchins, 1992, Stacey, 1992, Goldstein, 

1994, Dooley, Johnson et al., 1995)~ a fundamentally Objectivist position. In 

contrast, the paradigm of complexity claims to offer an understanding of the 'not-

so-rational' behaviour of 'real' world systems as well as their emezy,ent, coevolutio11ary, 

regenerative and subsequently indeterminate future. Thus, in disparity to the 

unidirectional cause-and-effect suppositions of systematic inquiry, a complex view 

of organisational system development calls for more .rystemic methodological 

approaches to develop 'fuzzy' representations of what is complex organisational 

reality (Dooley, Johnson el al, 1995, Dooley, 1997, Targowski & Carey, 2000). 

Ultimately, complexity is providing compelling models for understanding the 

chaos of market and organisational system development. In doing so, it is 

exposing an impending need to develop better encompassing frameworks and 

methods to both interrogate and participate within the complex and dynamic 

digital economy; the capacity to harness the constructive forces of change and 

uncertainty. 

ill Refer to Appendix B : Social research foundations for an explanation of the relationship between 
epistemology, ontology, methodology and method. 
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2.1.2 The networked revolution 
ICTs like Internet connectivity and mobility have irrevocably altered the 

environment of business forcing organisations to continuously find ways to adapt 

and innovate (Axelrod & Cohen, 2000). Such technologies as Internet 

connectivity, mobility and device convergence have stimulated much 

environmental change due to their ability to connect society with information and 

each other. Most organisations have now heavily invested in such ICT tools to 

master most, if not all their value-adding activities and en route, have become 

increasingly reliant upon them (Clarke, 1994, METAGroup, 1999). Indeed, ICT 

greatly influence and support every facet of the modern organisational system 

(Quinn, 1999, de Dommartin, 2003, Manabat, 2004). The effects of this 

penetration are evident within both organisational design and the processes of its 

transformation. From the employment of less-structured and decentralised 

'adhocracies' replacing traditional hierarchical and bureaucratic designs (Senge, 

1990b, Senge, Kleiner et al., 1994, Amidon, 1996, Hibbard & Carrillo, 1998, 

Travica, 1999, Targowski & Carey, 2000, Hildreth & Kimble, 2004), to the 

collaboration of cross-border knowledge workers10 seeking innovation goals, the 

digital economy has forever changed the way the world does business. In what 

Rayport and Sviokla (1999) describe as a topsy-turvy networked world, modern 

organisations have been compelled to shift away from a monolithic or pariah 

existence toward one where value is derived from relationships and participation 

within networks and Commtmities of Practice (CoP) (Bessant, 2004, Hildreth & 

Kimble, 2004). 

''No man is an island, and these days, few businesses are either. Companies 
operate in a complex web involving a host of different players, including 
suppliers, customers, competitors, regulators and collaborators. The 
challenge is no longer how to manage the business, but how to manage it 
within the wider context of networks" (Bessant, 2004, n. pag.). 

Within this turbulent environment, cooperative value-networks (e.g. joint 

ventures, tactical and strategic alliances, partnerships, licensing agreements) have 

emerged from Porter's linear value-chain (Clarke, 1994, Drucker, 1999) as a 

means to transcend conventional boundaries and allow business to deliver on the 

fervent demands placed on new product and service offerings (Venkatraman, 
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1994, Amidon, 1996, McK.enna, 1999, METAGroup, 1999). Primarily enabling 

the collaborative potential of modern organisations is the ability to employ ICTs 

across traditional Business-to-Business (B2B) boundaries, often extending 

organisational relationships into a 'virtual' space. These inter-organisational 

partnerships commonly share the knowledge and experiences of their participants 

in an attempt to leverage pools of complementary expertise (know-how) toward 

the achievement of joint goals. The development of such cross-functional 

taskforces and risk-sharing partnerships, indicates organisations are beginning to 

accept a deeper sharing of collaborated benefits and losses (Nishiguchi, 2001). 

Indeed, within an almost K.eiretsu-borrowed framework (f argowski & Carey, 

2000), the increasing supply of skilled knowledge workers and enabling JCT 

infrastructure, is beginning to buttress cross-border knowledge creation and 

innovation capabilities both horizontally and vertically (Skyrme, 1999, Quinn, 

2000, Westney, 2001, Linder,Jarvenpaa et aL, 2004). 

At the same time, demands on operational agility have caused many organisations 

to focus on the delivery of core value-adding work (Reid, 1998). In an attempt to 

remain 'lean,' processes which may not provide a direct strategic advantage are 

frequently outsourced to what is becoming an ever-competitive pool of external 

providers of expertise (Reid, 1998, Zain, Kassim et al., 2003). Consequently, the 

demands of an ever-competitive digital economy have forced modern business to 

adopt an intermeshed and layered existence; the 'virtual integration' of the 

networked organisation (Quinn, 1992a, Skyrme, 1999, Stapleton, Gentles et al., 

2001, Lulu, 2002, Nachira, Chiozza et aL, 2002). Such complex b11siness ecology has 

even prompted the European Commission to foster ambition projects into the 

development of knowledge-based, networked business systems. The goal of these 

projects is to develop digital business ecosystems consisting of self-organising digital 

infrastructures. These ecosystems intend to support greater inclusion, local 

innovation and business development opportunity by connecting Small to 

Medium Enterprise (SME) to wider networks of expertise. In a submission to the 

European Commission's call, Nachira, Chiozza et al (2002) underline the 

probable realities of such network-orientation: 
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"As a consequence of this evolution, the dynamic networking of the 
organisations, drhres to the dynamic cooperatio~ of the players. o~ the 
territory and the connection of the resources 1.n a system, bu1l~mg . a 
community that shares, business, knowledge and infrastructure. 1:1ts w~ll 
dramatically affect the ways enterprises are constructed and business 1s 
conducted in the future, and the actual slowly changing organisations will be 
replaced by more fluid, amorphous and, often, transitory structures based 
on alliances, partnerships and collaboration" (Nachira, Chiozza et al., 2002, 
pp. 9-1 O)iv. 

Thus, it is little surprise that within this emerging new order, that organisational 

systems which are most capable of creating and maintaining collaborative 

partnerships will be those best positioned to capitalise on new markets and 

opportunities (Quinn, 1999, Nachira, Chiozza et aL, 2002). Indeed, it seems the 

challenge facing most modern organisations within the complex and dynamic 

digital economy is no longer just one of competitive advantage, but one of 

'collaborative advantage' (Amidon, 2000). 

2.1.3 Web2.0: The next frontier 

Employed within established enterprise for years, !CT-enabled collaboration has 

now extended well into both the Small to Medium Enterprise (SME) and popular 

social spaces. More recently, the growing interest in the sharing of knowledge and 

experiences online has catalysed what is colloquially referred to as Web2.0. This 

enhanced Internet rewards flexibility, ease of interoperability and lightweight 

. design in system architecture and business model alike, with often a high degree 

of coupling between11 (O'Reilly, 2005). Demonstrated by the success of Internet 

phenomenon like Epinions, MySpace and Wikipediav, Web2.0 highlights how the 

sources of value created by online technology is shifting. Once centred upon 

structure and taxonomy, the Internet is now becoming an increasingly meshed 

and participatory platform, able to harness the collective intelligence of disparate 

agents. The implication of such, is that socialised intelligence is arguably more 

powerful and accurate at solving problems, fostering innovation and predicting 

the future than any one single domain expert (Surowiecki, 2004). Thus, Web2.0 is 

extending the traditional value of the Internet as derived from information 

iv Quotation inserted verbatim. 
v S.it~s re_ferenced h.e~e in~lude Epinions (www.epinions.com). MySpace (www.myspace.com) and 
W1kiped1a (www.wikiped1a.org). 
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acquisition alone and instead, fosters the socialisation of experience; user-

generated content deeply seeded within diverse personal judgements and contexts. 

Pushing the borders of what could be argued as a knowledge (and not just 

information) transfer, such usage patterns typically enhance the value proposition 

of the overall system itself, making Web2.0 much more than technological hype. 

"Web 2.0 is a set of economic, social, and technology trends that collectively 
form the basis for the next generation of the Internet-a more mature, 
distinctive medium characterized by user participation, openness, and 
network effects" (lvfusser, 2006, pg. 4). 

!Vib2.0 's rise in prominence is not due to any one single cause, but by a collective 

group of booming technology usage trends and business design principles. The 

wholesale penetration of personal web logs (biogs), forums, peer-to-peer 

networks and feedback-based websites has transformed the Internet into a 

platform for human experience sharing; a place for people to spread ideas, voice 

their opinions and be themselves. It is also offering a richer, more personal and 

increasingly on-demand user experience. Technologies like Asynchronous 

Javascript and X1v1L (AJAX) and RSS.; are making the Internet 'live' and more 

responsive, creating new ways for content providers and subscribers to derive 

value from online interaction. Indeed, Web2.0 embodies the evolutionary 

progression of Internet technology and usage dynamics toward a more active and 

agile existence. In doing so, iVib2.0 poses yet another imminent disruption to the 

operational space of modern business; coercing management to find new ways of 

engaging the consumer and doing business interactively online (1fosser, 2006). 

One of the more compelling Web2.0 trends to emerge in recent years has been 

online social networking. Catapulted to mainstream acceptance by such websites as 

Linkedln and Friendstervii, online soda/ networking involves the connection of 

individual and often decentralised agents, to other agents, creating virtually 

connected communities. Emerging within both the popular and business sectors, 

these online social networking systems offer an !CT-enabled shared space12 and 

vi The term RSS covers various versions of a number of different technologies including "Really 
Simple Syndication" and "Rich Site Summary." 
''" Sites referenced here include Linkedin (www.linkedin.com) and Friendster 
(www.friendster.com). 
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commonality of purpose. Within these systems, individual attributes of 

participants are seemingly not as important as the value derived from establishing 

relationships and links with other agents in the network. However, individual 

agency is not seen to be the primary motivation for their success. Instead, their 

principal value arguably resides in an implementation of psychologist Stanley 

1--lilgram's concept of 'six degrees of separation13
'; delivering a sense of social 

inclusion and belongingness by giving the user immediate access to an extensive 

set of 'weakly tied,' yet referred contacts (e.g. potential friends and business 

partners). Online social nem·orking websites generally employ a exponential 

invitational scheme whereby friends and colleagues whom are invited to join 

subsequently repeat the process (Reed, Le Maitre et al, 2004). Hence, as the 

network increases in numbers, the value of becoming a new member (the ability 

make new contacts and belong to a larger group) also increases, as more and more 

people become only a few degrees away. Such, viral effects have seen many online 

soda/ networking websites grow tremendous user bases, some into the tens of 

millions. 

Online social nehvorking and virtual communities are also progressively being viewed 

in terms of their potential to address innovation requirements within business 

sectors (Hildreth & Kimble, 2004, Baalen, Bloemhof-Ruwaard et al, 2005). In 

much the same way that YouTube and MySpace'iii have, knowledge portals and 

online Communities of Practice (CoPs) bring together people of common awareness 

and concern to discuss and examine topics of interest and to work toward some 

common goal or purpose (Hildreth & Kimble, 2004). However, unlike the sense 

of fun and personal gratification granted by participation within popular social 

websites, agents participating within these online communities, generally seek 

goals of innovation and the spreading of ideas. As a result, in the absence of 

urgency, such CoPs do not usually exhibit self-perpetuating or overly emergent 

behaviour and often require the facilitation of a knowledge broker and/ or 

significant structural support in order to maintain their vatue (Baalen, Bloemhof-

Ruwaard et al, 2005). However, despite this, CoPs remain as a novel approach to 

,;;; Sites referenced here include YouTube (www.youtube.com) and MySpace (www.myspace.com). 
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the socially-stimulated development of knowledge and accelerated corporate 

learning in professional organisational systems (de Laat & Broer, 2004). 

Another trend catalysed by interactive Internet technology has been that of 

recommendation and reputation-based web systems. Capitalising on users 

motivated by feelings of anticipated reciprocity, improved reputation, efficacy and 

community (Kollock, 1999, Rheingold, 2000, Teigland & Wasko, 2004), the 

overall value proposition of such websites is ever-strengthened by the 

participation of their members. Never is the realisation of this phenomenon more 

visible than with Internet giants Amazon and eBayix. A noteworthy part of the 

achievements of these online businesses is attributable to their members' direct 

and active contributions (O'Reilly, 2005). In examining why, we find that the 

resultant collation of such experiences (e.g. feedback, reviews and testimonials), if 

positive, represents a seemingly reliable endorsement of the products, services 

and/ or agents being promoted via them; a certain breeding ground for 'collective 

intelligence.' Indeed, in a world now overloaded with choice, measuring and 

storing the quality of interactions is equally, if not even more important than 

measuring the links themselves (Scott, 2005). Each of us has limited time, limited 

resources and a limited motivation to take in, collate, process and make judgments 

within an increasingly complex world (Masum & Zhang, 2004). Thus by 

aggregating or collating member contributions, an ostensibly quantitative measure 

of trustworthiness may be derived; an indicative gauge of a future quality 

experience (Despotovic & Aberer, 2006). 

"Reputation systems offer a viable solution to encouraging trustworthy 
behavior in P2P networks. Their key presumptions are that the participants 
of an online community engage in repeated interactions and that the 
information about their past doings is indicative of their future performance 
and as such will influence it. Thus, collecting, processing and disseminating 
the feedback about the participants' past behavior is expected to boost their 
trustworthiness" (Despotovic & Aberer, 2006, pg. 486). 

Consequently we see that such propagation of trust, credibility and/ or reputation 

within the network serves as an instrument for reducing uncertainty and risk 

(complexity) and in doing so greatly impacts participants' decisions (Masum & 

ix Sites referenced here include Amazon (www.amazon.com) and eBay (www.ebay.com). 
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Zhang, 2004, Ziegler & Lausen, 2005). As such information has the potential to 

greatly influence purchasing patterns, devising models of peer-to-peer interaction 

which accurately manage and depict the semantics of trust, whilst coping with 

peer collusion and distrust14, have become some of the major challenges facing 

applications within the interactive U7eb2.0 space (Despotovic & Aberer, 2006). 

The 'architecture of participation' which underpins many Web2.0 technologies 

instils a sense of truth and validity in the information contained within. The 

socially inclusive nature of these technologies is cutting against the grain of 

mainstream broadcast media business models, granting weight to the collective 

intelligence of the crowd (O'Reilly, 2005). For reasons like these, interactive 

online technologies are increasingly being recognised for their ability to deliver a 

more compelling and pervasive means to influence people to adopt new products 

and services. For example, viral marketing or influential manufacturer-endorsed 

bloggers15 have readily been deployed to spread positive word of mouth in 

preference over traditional media (Subramani & Rajagopalan, 2003, Fadaghi, 

2006). Seemingly produced and propagated by peers within the network, the 'on 

the ground' nature of these technologies enables them to carry significant weight 

toward consumer decision making, as they are often seen to be more trustworthy 

and accurate than more traditional methods of promotion and advertising. 

Indeed, Web2.0 is ushering in a new era of participation-propelled market 

outcomes. \Vithin the Web2.0 space of experience sharing and online social 

networking, it is becoming apparent that the role the Internet plays for business is 

again shifting, with the persuasive power of such online interactions both 

mimicking and amplifying traditional word-of-mouth. Accordingly, Internet 

technologies no longer singularly serve functions of mere utility, but may now be 

employed to extract more out of everyday human interactions, including as a 

platform for collating and recording the quality of such experiences. This 

imminent new chapter in digital business employs the interactive Internet medium 

to bring businesses, professionals and consumers together into one digital business 

ecology. The promise being that of a virtual environment able to improve personal 

networking, strengthen relationships, stimulate the exchange of ideas and values, 

amplify personal opinions, build reputations and catalyse the development of new 
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products and services via the subsequent mining and collation of permission-

based contributions and Social Network Analysis" (SNA). In short, the ease of 

social networking and the subsequent exchange of ideas over non-traditional 

boundaries have the potential to stimulate innovation, propelling online knowledge 

networking to a truly global stage. However, despite the possible benefits, risks 

remain, as the openness of system design which welcomes participation, also 

exposes it to potential misuse. Thus, in incorporating concepts of Web2.0 into 

new business practices, it is imperative that any freedom and autonomy in design 

be balanced with methods capable of sustaining order and control. 

2.1.4 Innovation inside: The rise of the consumer 

Ubiquitous Internet connectivity means society has access to (and is actually 

driving much of) the same informational resources which organisations hold 

valuable. Such mainstream access to, and genesis of, these value-creating 

resources radically alters the role of the consumer to something very different to 

that of traditional passive receiver positions. In fact, as the networked revolution 

shifts the role of consumers toward a more interactive existence, so too shifts the 

source of new knowledge. Subsequently, the rules of customer engagement are 

likely to be altered as organisations seek to secure the newer resources of their 

longer-term success, with an emphasis placed on consumer involvement and 'on 

the ground' innovation. 

In a networked society, the consumer does not just represent the end of the value 

chain, but is a partner and active participant in the creation of new value (Quinn, 

1999). With technologies like lVib2.0 building a stage for online dialogue (not 

monologue), consumers are gaining empowerment from informational 

dissemination to the point where they possess much of the same understanding 

about a topic as the organisations and experts they seek products and services 

from. Consequently, organisations are being forced to realise the worth m 

treating customers as a source of intelligence and knowledge and not just as 

entities which consume products and services (Stapleton, 2003). For example, 

within the Australian real estate market, consumers have access to a plethora of 

• Refer to Appendix C ; Social network analrsis for more information. 
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information (e.g. portals, historical statistics, virtual tours, multimedia and land 

parcel data) which is gradually shifting the role of the real estate agent from 

information provider to one of consultant, able to discuss and advise strategies 

and options. These irreversible changes to the dynamics of consumer interaction 

indicate that organisations may be increasingly confronted with a disaggregation 

of conventional value propositions (Moore, 1993, Tapscott, 1999) and the arrival 

of the 'knowledgeable customer.' 

While some may view this as a threat, consumer participation and domain 

knowledge creates opportunity for innovation, as such permission-based channels 

offer a proficient source of targeted market research (1fanville, 2004). 

Consequently, with consumers becoming a more influential part of the innovation 

landscape, .organisations need to better interact and build stronger relationships 

with them (Vandenbosch & Dawar, 2004). It is becoming apparent that the 

organisations which are better able to create an environment of trust and open 

communication for quality customer information to flow, are more likely to 

produce innovations which \.Vill be met with significant market demand 

(Stapleton, 2003). Once such means of achieving greater customer intimacy is via 

a 'Customer Community of Practice' (CCoPs): 

"The social dynamic and processes of multiple users of the same product or 
service coming together, discussing those products/services (or ideas for 
new ones) outside of a commercial negotiation offers a unique and 
potentially insightful exchange of business intelligence. Because CCoPs also 
foster inter-(and also intra-) company relationships, they can also create 
different and deeper bonds between company and customers. They also 
provide a larger umbrella of learning that surrounds membership in the 
customer community. This umbrella can both encourage riew customers to 
join and helps the sponsoring company add more value to ail customers in 
the future" (Manville, 2004, pg 110). 

In promoting participation and placing an importance on genwne customer-

focused improvement, organisations may be investing in their sustainable 

development, rather than in innovation simply for innovation's sake (Barwise & 

Meehan, 2004). Indeed, innovation in this manner is not just about generating 

new ideas and inventions, but equally about the successful exploitation and social 

diffusion of new products, processes and services Qustesen, 2004). Thus, while 

internal process reengineering dominated the 1980s business innovation landscape 
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and B2B inter-organisational partnerships peppered the 1990s, the new 

millennium is instilling a highly accessible digital business eco.rystem, whereby 

seemingly all may play a part in the creation of new market phenomenon. 

2.1.5 Lessons from the past 

When looking at the various transitional challenges the networked revolution has 

induced, it is important to reflect upon the relatively recent Business Process 

Reengineering (BPR1~ movement. \Vhile deficiencies in the methodology were 

highlighted as early as Davenport (1995), it is interesting to revisit BPR as it is a 

clear example of how a tight integration between ICT and organisational design 

and processes affected massive organisational system change. In implementations 

which single-sightedly sought operational efficiency over other parameters, BPR 

practitioners often discounted the value of the existence of interdependent 

complex human systems; composed of social relationships, interactions, sharing, 

trust and knowledge (Lindsey-King, 1998, \'Q'ebber, 1999). Thus, in pursuit of 

!CT-induced efficiency, BPR often neglected the human side of organisational 

system development, meaning many implementations broke down well 

established social networks, norms, cultures and informal interactions, leading to 

both a loss of trust toward management and voids in leadership. 

One of the main lessons to be learnt from the downsizing exercise (a causation of 

BPR) can be found in the frequent abandonment of forethought to account for a 

loss of tacit17 knowledge and social networks. The expedient removal of 

knowledgeable middle management18 produced a void of competence in the 

connecting 'knowledge stewarding' roles, effecting the decline in an organisation's 

key guiding personnel, interrupting the everyday patterns of human interaction 

and destructing normal social dynamics (Stacey, 2001). Instead, it has been 

suggested that the result of BPR was often the .ryste111atic replacement of 

investment in human capital development (and thus new knowledge creation 

potential) with cost cutting and downsizing, leading some to suggest that it 

ironically utilised leading edge technologies to transport organisations back to the 

days of Taylor's Scientific Management19 (\X'ebber, 1999). Consequently, after 

BPR, many organisation's energies had to be shifted toward refilling the 
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knowledge gap, rebuilding trust and patterns of communication (Ruggles & 

Holtshouse, 1999a, Targowski & Carey, 2000) and often too rekindling the 

abandonment of employee loyalty (Cushman & King, 1995). 

However, it \\rould be naive to assume that the efficiency-seeking potential of 

mechanically-oriented methodologies do no longer have a place in the networked 

b11siness ecology. Indeed, they are just as (if not more) important than ever before, 

serving to ensure the efficient utilisation of organisational resources. \Vithin the 

complex and dynamic digital economy, such methodologies and methods may be 

best acknowledged as a component within the larger, and possibly even 

revolutionary progression toward the 'knowledge-based business' (Davis & 

Botkin, 1999). In other words, \vithin the new economy, developing and 

maintaining methodologies supportive of efficiency as well as innovation, are 

crucial for the longer-term sustainability of the organisation. Such longer-term 

initiatives herald a more !J!Sfemic approach to organisation design and its processes 

of improvement often categorised under the progressive label of 'enterprise 

engineering' Q\fartin, 1995). Indeed, in pursuit of the newer mission of 

'knowledge-based business,' both !J!Slematic and !J!Sfemic methodologies have their 

place. 

2.1.6 The source of value in the intellect economy 

In the complex and dynamic digital economy, the employment and application of 

knowledge play a crucial role in gaining and sustaining competitive advantage 

(Webber, 1993, Nonaka & Takeuchi, 1995, Roos, Roos et al, 1996, von Krogh, 

Ichijo et al, 2000, Stapleton, 2003). Such is the emphasis placed on knowledge, 

some even suggest that the only real competitive advantage existing today is 

actually, 'knowledge advantage' (Ruggles & Holtshouse, 1999a). Thus, while cost-

cutting and efficiency-seeking measures (e.g. downsizing) help many 

organisations to weather periodic downturns, such approaches may at best, be 

temporary (Muzyka, 2004). To maintain modern organisational system 

development, knowledge creation should become a core organisational 

competence. One of the primary reasons why knowledge and its management: is 

receiving such attention, is that it is widely recognised that human knowledge is 
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the foundation from which innovation is achieved (Nonaka & Takeuchi, 1995, 

van Krogh, lchijo et al., 2000, Neely, 2004). Indeed, the creation of new 

knowledge itself is innovation (Nonaka & Takeuchi, 1995); the conversion of 

intellectual capital into the novel. Thus, the quest for the 'knowledge advantage' 

within the complex and dynamic digital economy is on, and is set to continue to 

realise massive changes in the interpretation of organisational value, as the ICTs 

of mass collaboration only serve to exponentially amplify2° the knowledge 

resource (Muzyka, 2004). 

First mentioned by Peter Drucker in the 1960s, the concept of the kno1vledge worker 

has been a focal point among the management literature for decades. The term 

intends to highlight the evolving role and capabilities of the worker '\vithin an 

increasingly autonomous, service-oriented21 business eco/017, or what Drucker later 

refers to as the 'post-capitalist knowledge society'22 (Drucker, 1992). \Vithin such 

a society, the most important assets of most business's are seen to be intellectual, 

not physical (Tapscott, 1999). Indeed, Quinn (1996) goes as far as suggesting that 

the productivity and survivability of a modern corporation (or even nation) lies 

more in its intellectual and systems capabilities than in its hard assets. Thus, it is 

no surprise that within this era of transition toward the 'knowledge society', the 

investment and command of intellectual capital has become the principal medium 

through which to spawn exponentially increasing profit through capitalisation on 

innovation (Koch, 2001). 

With such impetus placed upon the command of knowledge-based intangibles, 

business has become increasingly interested in their management and control. 

However, whilst no definitive theory of intangible resources is available, various 

systems for measuring intellectual capital have emerged (Grasenick & Low, 2004). 

From Skandia (1996)'s famous model of intellectual capital, to Sveiby (1998)'s 

concern for its static properties and Roos, Roos el al. (1996)'s 'flows of capital', it 

is difficult to find a coherent picture capable of representing the entities, 

relationships and dynamical interactions of the components of intellectual capital. 

Indeed, much of the debates which exist seem to be confusing knowledge creating 

theory with intellectual capital theory. 
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Regardless of which measure or model is taken, the same Modernist beliefs which 

underpin the industrialist world view, have instilled mainstream ideas in the 

possibility of measuring and cataloguing such intellectual capital and knowledge-

based intangible assets, which Stacey (2001) argues cannot be traded and 

objectively recorded in corporate balance sheets. Indeed, traditional 

measurements are seen by some to be asynchronous with the new economy's 

sources of wealth creation (Kiernan, 1995, Grasenick & Low, 2004). Hence, the 

size, scale and efficiency tenets of a Capitalist ideology are in question, with the 

consequence being that the very philosophy underpinning organisational reality is 

also changing. It is here, in between the Capitalist (industrial society) and Post-

Capitalist (knowledge society), where the teachings of co!!1plexi!J science strike 

resonance with the way we understand and experience the turbulent realities of 

our digital world (Freedman, 1992, Crotty, 1998, Capra, 2000). 

2.1.7 Chaos and Control: Two sides of the same coin 

Even prior to the first Internet revolution, the prevalence of environmental 

volatility overwhelmed linear, hierarchical enterprises to the point where many 

become dysfunctional and counterproductive (Freedman, 1992, Goldstein, 1994). 

Made plausible within an erstwhile era of less instability, the rigidity of 

mechanically-orientated organisational designs and processes are frequently 

inappropriate for the demands of today's complex and dynamic digital economy: 

(1997). Nevertheless, the residual tenets of the Newtonian paradigm are still 

readily visible today, as the 'organisation as machine' metaphor remains a 

powerful influence upon the character of many organisations (de Geus, 1999, 

Capra, 2002, Smith, 2003). Such an influence continues to empower management 

to believe in the application of rational, systematic and economising rules to 

seemingly universally repeated problems, regardless of their context. As a result, a 

preoccupation with attaining predictable outcomes often means little effort is 

placed toward processes of learning and creativity, as they require a certain 

slackness of resource allocation and the generation of instabilities within the 

system; both of which are habitually dampened out by an efficiency-seeking 

mandate (Stacey, 1992, Goldstein, 1994, Stacey, 1996). Indeed, much of the 

topical management science literature remains simply emphasising a reworked 
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systematic thinking (i.e. a 'new reductionism'), using non-pluralist approaches to 

reduce the perceived complexity into a more palatable form (Lefebvre & Leriche, 

1999, Van Uden, Richardson et al, 2001). However, even with history confirming 

the frequent lack of lasting benefits of many linear piecemeal approaches (Bartlett, 

1999, Travica, 1999), finding the necessary balance of creativity and efficiency 

remains a elusive mission (Stacey, 1996). 

Such is the paradoxical challenge of the complex and dynamic digital economy. 

In a world where unidirectional causal paradigms of business are known to 

decreasingly apply (Targowski & Carey, 2000), management need appreciate both 

systematic and systemic methods (Senge, 1990a, Painter-Morland, 2004). A thinking 

typified over a decade ago by Peter Senge's 'learning organisation,' this systemic 

perspective to organisational methodology is again drawing attention, as a 

particular type of nonlinear system model called a Complex Adaptive System 

(CAS) moves into mainstream research (Gell-Mann, 1994, Holland, 1995, Dooley, 

1997, Anderson, 1999, Axelrod & Cohen, 2000, Stacey, 2001). Able to finally 

deliver a firm science from which to make logical inferences regarding 

organisational system development, CAS cope ,.vith chaos and uncertainty in their 

environment by interacting with and engaging other agents and systems. They 

typically respond to feedback from their environment, learning from experiences 

and embedding that learning into their very structure (form), function and 

behaviour (Senge, 1990a, Freedman, 1992); a faculty not dissimilar to the 

complementarity of structure and function found within a11topoietic living systemsxi 

(Maturana & Varela, 1980). CAS behaviour is influenced by a number of system 

control parameters, 1) information (energy) flow and density, 2) the number and 

strength of agent connections within the system and 3) the degree of agent 

diversity (value schema differences) within the landscape (Stacey, 1996, Stacey, 

2001). Within CAS, fluctuations of such parameters often lead to emergent 

behaviour and the subsequent need for the finding of a higher 'order for purpose' 

within the system. When applied to organisational system development, this 

systemic model is helping shape a new view. In this new view, organisational · 

xi A discussion of a11lopoietir systems is provided in Section 2.2.l : The mera-methodolqgies (below). 
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structure and transformation are but two sides of the same coin, the embodiment 

of a continuous process of learning and evolutionary expansion; the ever-

discovery and capitalisation of emerging niches. Thus, instead of mandating a 

prescriptive approach, the complex and adaptive view offers assistance regarding 

where and when control is possible (or practical) and at what scale of organisation 

such efforts would be best directed (Young & I<..iel, 1994). In doing so, it 

illustrates both the phenomenology of a complex digital business environment, as 

to, the roles processes affording stability and instability play within organisational 

system development. 

Interestingly, when applied to a higher-level examination of Web2.0 ICT systems, 

we find that their intrinsic qualities threaten to induce increased instability within 

the parameters which influence market emergence. In particular, many Web2.0 

systems facilitate and/ or escalate social connections and interactions, diverse 

experience exchanges and mass informational diffusions, the very parameters 

affecting CAS behaviour and development. Looking even closer, we see that 

II7eb2.0 systems are by their very nature perched at the border of chaos and order, 

with their innate balance of structure and openness characteristic of the most 

successful systems in the evolutionary game (Kauffman, 1995a). Epitomised by 

Internet juggernauts like _Google, eBay and Amazon, such diverse, social online 

businesses are inherently complex, adaptive and learning digital systems. In 

delivering faculty for human endeavour, expression and individuality, online social 

ICTs tightly couple social and technological means. They then relentlessly scan 

their rich informational environments for indications (patterns) which may signal 

market emergence and follow on to exploit trends and emerging markets. In 

adjusting their structure to continuously capitalise upon new opportunities, such 

organisations employ complex digital bu!iness !]Siem! (online social ICT systems) to 

not only insistently evolve their modes of operation (functions), but also their 

business model (form). Effectively employing uncertainty as a constructive force, 

such systems embrace the chaos of their business and market development by 

adopting more !J!lemic policies of learning and knowledge acquisition delivered 

upon a supporting infrastructure imparting the requisite direction and control. 
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It is such systems which Lefebvre and Leriche (1999) refer to when they put 

forward the concept of 'organisation' coming to mean something very different in 

modern business times. No longer analogous to a state of order, Lefebvre and 

Leriche suggest that 'organisation' is effectively a continuous activity pertaining to 

a purposive 'existence in change;' a concept which resonates with Maturana and 

Varela (1980, pg. 82)'s 'living systems' manifesto which suggests that, " ... the 

product ef their [living systems] operation is their own org,aniZf1tion." In other words, 

organisation may be considered as those system development activities conducive 

to the realisation of a state of order befitting the demands of a particular space 

and time. In this view, operational activities not only include those of maintaining 

current order and modes of production, but also those which seek to continuously 

interact with and engage the greater brtsiness ecoloo to both discover and ready the 

system to capitalise on new trends. Thus, the complex and dynamic digital 

economy demands most organisational systems be at once in and out of control, 

with management taking on the ceaseless mission of preparedness for, and 

execution of efficient reorganisation. 

2.1.8 Changes of science 

Over the past few decades, survival in business has coincided 'vith a command of 

the resources of intellectual capital and knowledge; intangible resources which are 

difficult to understand, manage and measure. Furthermore, the rise of the mobile 

knowledge worker and the ever-diffusion of information within society have 

increasingly dispersed and disaggregated such resources, making their 

containment and control an almost impossible task. More recently, interactive 

online social mediums like Web2.0 are enabling almost every member of society to 

become active contributors to the ever-changing and ever-evolving complex and 

dynamic digital economy. With this new order comes demand for an alternative 

paradigm capable of helping model the autonomy, complexity and intangibility23 

of modern business reality. It is here where the complexity sciences are emerging as 

the promising backdrop from which to begin to contemplate modern business 

development; a science able to deliver reasoning behind business outcomes as 

actually experienced (Waldrop, 1992, Gell-Mann, 1994, Holland, 1995, Dooley, 

1996, Stacey, 1996, Dooley, 1997, Anderson, 1999, Axelrod & Cohen, 2000, 
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Ferdig, 2000, Stacey, 2001). In short, a more 'real' account of modern business 

reality. 

Just as Taylorist Scientific Management did at the beginning of the 20th century, 

this change if science (Gleick, 1987, Prigogine, 1996, Crotty, 1998) is beginning to 

provide new perspectives coercing management belief. In many ways, the 

unconventional complexi!J sciences serve to highlight the deficiency of Modernist 

business management mindsets, often caught between the desire for control (built 

upon decades of linear repeatability), and the lack of a rational explanation of a 

more recently apparent disorder. Indeed, the gradual maturity of the complexi!J 

sciences and their coevol11tionary narratives, have even caused some to suggest that 

mankind itself is at a turning point, a point of transformation of mainstream 

world views, underpinned by a science which itself is no longer identified with 

linearity and certitude (Capra, 1983, Prigogine & Stengers, 1985, Holland, 1995, 

Prigogine, 1996, Capra, 2000). In contrast to the mind-independent reality of 

Objectivism, the epistemological position of the complexi!J sciences affords a 

participatory and regenerative landscape. In doing so, it dispels a linear cause-

and-effect business reality and instead supports an emergent view, a view where 

truth is not independent of value and consciousness and that instead, meaning, 

purpose and function are continuously reconstructed through our social 

engagement and interaction with our environment (Crotty, 1998). Interestingly, 

such a Constructivist-like view is not limited to organisational science and is 

largely echoed across biological and human sciences and wherever a higher-order 

complexity or coevo!t1tionary reality is examined, regardless of subject ~faturana & 

Varela, 1980, Maturana & Varela, 1987, Dooley, Johnson et al, 1995, Kauffman, 

1995a, Capra, 1996, Stacey, 1996, Kauffman, 2000, von Krogh, lchijo et al, 2000, 

Nonaka & Nishiguchi, 2001, Stacey, 2001, Capra, 2002). 

Subsequently, the ontology of this new paradigm affords an intermeshed, layered 

and undivided view of organisational system existence (Stacey, 2001); a model 

which appears widely applicable to both cultural (social) and physical phenomena 

(Pngogine & Stengers, 1985). Such paradigmatic punctuation has delivered a 

compelling case for an alternate philosophical position, with complexi!J science 

questioning the presuppositions which have underpinned Positivist scientific 
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methods for three hundred years (Hayles, 1990). In what some regard as a 

Kuhnian paradigm shift away from the tenets of determinism and reductionism 

which characterise Modernist science (Dooley, Johnson et al, 1995, Ward, 1998), 

the teachings of this complex and chaotic paradigm are no longer trapped by 

rational economic theories, which historically, claimed to provide a sound basis 

for understanding organisational system development. Instead, the science of 

complexity appropriates a Postmodern-like worldview (\Vard, 1998), accounting 

for the spatiotemporal dynamics of systems, the fragmentation of contexts and 

the existence of paradox (Lefebvre & Leriche, 1999); the underpinning concepts 

of a systemic view of business development. In consequence, ideological 

mechanical approaches may be better suited to creating approximations of social 

reality, potentially applicable for a small segment of the natural world, but 

ultimately unable to be employed toward an understanding of the behaviour of 

more complex and dynamic systems e.g. business systems (Prigogine, 1996). 

Finally, while there is still much to accomplish in investigating parallels between 

complexity and organisational science (Collier & Esteban, 1999, Farazmand, 

2003), there is a increasing awareness of the coevolutionary and eme7,enl disposition 

of real business systems. Catalysed by the networked revolution and the more 

recent dawning of Web2.0, these realities are changing the very definition of what 

organisation means. As the very concept of organisation diverges from its former 

narrative of stability and structure, toward one accommodating spontaneous 

phenomena and evolving dynamical systems, mechanically-orientated and 

symptomatic management modes shall undoubtedly give way to those capable of 

appreciating the demands of the systemic concern. Indeed, the emergence of a 

complex and dynamic digital economy has forced many organisational systems to 

be in constant pursuit of strategic and market alignment. That is, the regenerative 

mission of balancing methods of creativity and efficiency unto an innovative 

capability pertaining to an ever-advancement of organisational system structure 

(form), function and behaviour. 
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2.1. 9 A summary of values, beliefs and challenges 

A brief summary of literature relating to some of the more prominent transitional 

organisational values, beliefs and challenges follows24
• Such 'transitional' concepts 

intend to emphasise the multi-dimensional impacts of the more recent emergence 

of a complex and dynamic digital economy·'". Indeed, the gradual acceptance of 

unpredictable business realities is stimulating not only a rethink of methodological 

approach, but is also challenging the very beliefs and values underpinning 

management methodology itself. 

Table I: Transitional values 

Unlvalence 7 Multlvalence 

(Dooley, Johnson et al, 1995) 

Quantitv 7 Quality 

(Capra, 1996, Kurzweil, 1999) 

Competition/Domination 7 Cooperation/partnership 

(Capra, 1996, Amidon, 2000) 

Oblects 7 Relationships 

(Lewin, 1992, Waldrop, 1992, Capra, 1996, Stacey, 2001) 

Table II: Transitional thinking/beliefs 

Illusion of control 7 Certainty of uncertainty 

(P_rigogine & Stengers, 1985, Nonaka, 1991, Dooley, Johnson et al, 1995, 
Kiernan, 199 5, Prigogine, 1996, Stacey, 1996, Koch, 2001) 

Mechanical linear reductionist model 7 

xii I.e. the (omplex dioital economv Refier to S ti 3 1 1 · Wh · h · · . .,, :.rec on. . . at IS t e complex digital economy' for 
an explanation of the term (omplex digital econou:y as used within this thesis. . 
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Emerging/nonlinear /holistic /pattern 

(Prigogine & Stengers, 1985, Freedman, 1992, Lewin, 1992, Waldrop, 1992, 
Goldstein, 1994, Dooley, Johnson et al, 199 5, Holland, 199 5, Capra, 1996, Allee, 
1999a, Collier & Esteban, 1999, Koch, 2001) 

Ratlonal/analvtlcal/quantitative 7 Intuition/synthesis/qualitative 

(Dooley, Johnson et al, 1995, Kiernan, 1995, Capra, 1996) 

Real world systems seek equilibrium 7 Real world systems are in non-
equilibrium 

(Prigogine & Stengers, 1985, Goldstein, 1994, Dooley, Johnson et al., 1995, 
Prigogine, 1996) 

Table III: Transitional organisational challenges 

Competitive advantage 7 (Collaborative/cooperative) advantage 

(Clarke, 1994, Kiernan, 1995, Amidon, 1996, Capra, 1996, Amidon, 2000) and 
Also 'Knowledge Advantage' in (Ruggles & Holtshouse, 1999b) 

Hierarchical/bureaucratic 7 N etworked/C disorganised/adhocraciesl 

(Naisbitt, 1982, Senge, 1990b, Senge, 1994, Amidon, 1996, Hibbard & Carrillo, 
1998, Travica, 1999, Targowski & Carey, 2000, Hildreth & Kimble, 2004, Palmer 
& Todd, (n. d.)) 

Size and scale 7 Speed and responsiveness 

(Venkatraman, 1994, Kiernan, 1995, Quinn, 1999) 

(Solely top-down/bottom-up Initiatives) 7 Middle-up-down Initiatives 

(Senge, 1990b, Amidon, 1995, Nonaka & Takeuchi, 1995) 

{Learning/training) 7 (Learning/unlearning/reinventing) 

(Amidon, 1996, Drucker & Senge, 2000) 

'Vertical' Integration 7 'Virtual' Integration 

uinn, Doorle et al., 1990, uinn, 1992b, Venkatraman, 1994, Kiernan, 1995, 
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Skyrme, 1999) 

Reactive/adaptive/coping 7 Proactive/generative/creating 

(Senge, 1990b, Kiernan, 1995) 

Driven by change 7 Drives change 

(Drucker & Senge, 2000) 

Competing for today's markets 7 Creating tomorrow's markets 

(Kiernan, 199 5) 

(Local/national economy) 7 World economy 

(Naisbitt, 1982, Amidon, 1996) 

Subordinates 7 CAssociates/co11eague) 

(Drucker & Modic, 1989, Capra, 1996, Drucker, 2002) 

Worker serves the system 7 System serves the worker 

(Drucker, 2002) 

Reengineering 7 Reinventing 

(\Vebber, 1999) 

Concentrated power/centralisation? Dispersed power/decentralisation 

(Kiernan, 1995, Bartlett, 1999, Travica, 1999, Webber, 1999) 

Goals-objectives-tasks philosophy 7 Vision-culture-results philosophy 

(Kiernan, 1995, Bartlett, 1999, Targowski & Carey, 2000) 

Return on Capital Employed {ROCE) 7 Return on Management Effort 
{ROME) 

(Koch, 2001) 

Strategy/structure/systems 7 Purpose/practice/people 

(Bartlett, 1999) 
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2.2 Toward the systemic concern 
With such paradigmatic punctuation as illustrated within Table III: Transitional 

organisational challenges (above), it is no surprise that 'change' has become the 

dominant theme in the management literature of the past decade. Indeed, the 

incredible volatility and clockspeed of the complex and dynamic digital economy 

is pushing each organisation's learning capacity to its limits (Capra, 2002). As 

organisational systems are inherently complex organisms in which balances should 

exist within processes of managing the living and non-living as well as individual 

and collective human concerns, maintaining that the capacity for change and 

developing wisdom of when and what to change is a difficult mission indeed. To 

add to the complicatedness of the challenge, the outcomes of such change are 

increasingly viewed upon the background of the sustainable enterprise imperative, 

the achievement of a balance between financial, social and environmental results. 

To date, numerous more .rystemic narratives have attempted to assist in directing 

organisational systems toward this mission. Such 'meta-methodologies25
' as Arie 

de Geus' 'living company,' Peter Senge's 'learning organization' and Nonaka and 

Takeuchi's 'knowledge creating company,' have collectively26 dominated the 

management science literature for the past 15 years and have provided much in 

terms of emphasising the importance of knowledge, innovation and structural 

connection of the business system to the complex b11siness ecology. Referred herein 

as the Jiving, learning and knowledge creating views of the organisation, these meta-

methodologies acknowledge the need for continuous learning and knowledge 

creation, often likening the organisational system to an organic being, exchanging 

information, energy and matter at its dissipative boundaries in a continuous 'dance 

of change' (Senge, Kleiner et al, 2001). 

However, while these .rystemic narratives have greatly influenced methodological 

thinking, their implicit point of convergence, .rystemic organisational learning, has 

not yet seen integration within a collectively applicable framework. Again, it is 

here where a complex view of organisational system reality (and evolutionary 

progression) offers a common lens from which to examine knowledge in terms of 
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its purpose in identifying and meeting the demands of rapid organisational change 

and transformation. 

2.2.1 The meta-methodologies 

Although delivered to mainstream management readership via Arie de Geus in 

1997, the living systems view can be traced back to the research of Maturana and 

Varela (1980) on 'a11topoiesil7 and cognition.' In this theory, living systems are 

defined as self-contained, self-constructed and self-referring with central features 

including both autonomy and a preservation of identity. The inextricable 

connection between art!opoiesis (literally self-making) and cognition within this 

theory, highlights the premise of the living being the continuous extraction of 

environmental information. Such information instigates 'structural coupling' 

between the system and its environment which changes and/ or pushes the 

organism's organisation to higher, more complex orders of structure (Maturana & 

Varela, 1987). Characteristic to all living systems, is the learning that is found 

"vithin the spontaneous emergence of order and the dynamics of such coupling; the . 

basic phenomenon underlying life and evolution (Capra, 2002). In this way, 

cognition is synonymous with the continuous process of life itself, and thus, all 

living systems are said to be cognitive systems. Indeed, atdopoietic systems 

encapsulate the fundamental complementarity between structure (form) and 

function as found within all dissipative, living systems existing within a 

coevo/11tionary landscape: 

"Living systems are units of interactions; they exist in an ambience. From a 
purely biological point of view they cannot be understood independently of 
that part of the ambience with which they interact: the niche; nor can the 
niche be defined independently of the living system that specifies it" 
(Maturana & Varela, 1980, pg. 9). 

In understanding the commonly employed organisational metaphor of living 

systems, we are drawn toward their prodigious capacity for survivability; their 

nonlinear, non-equilibrium, dissipative and self-sustaining nature. Living systems 

are said to be driven toward a semi-stable position, via flux of energy (information 

and matter) at their neither totally closed nor totally open boundaries (Maturana & 

Varela, 1980, Kauffman, 1993, Capra, 1996, Prigogine, 1996, Lucas, 2004). Such 
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openness and capacity for learning is the premise for living systems' evolutionary 

development, which is said to temporally trend towards greater order28, 

consequently decreasing their internal entropy29 (Kauffman, 1993, Corning, 1995). 

Within living systems, disorder is annulled via the subsequent catalyzation of new 

order found when the system has ventured farfrom-eq11ilibri11m due to fortuitous 

(involuntary) concatenations of environmental factors which have acted as 

positive feedback (Corning, 1995). These autocatalytic processes have been 

described as providing an 'order for free,' emphasising the distinct lack of 

conscious intent or effort toward the act of organisation (Kauffman, 1993, 

Kauffman, 1995b). However, such evolution does not necessarily mean that the 

system becomes more complex, rather, it becomes more ordered for a purpose 

(Kurzweil, 1999). Although, within complex living systems, evolution toward 

greater order has also generally trended toward greater complexity (Gell-Mann, 

1994). 

Additionally, critical to such purposeful advancement of living systems, is the 

premise of .rynepfstic phenomena (the coevolutionary and symbiotic30 dance of 

'competition via cooperation') whereby agents work together, but primarily unto 

their own selfish ends (\Valdrop, 1992, Gell-Mann, 1994, Corning, 1995, 

Kauffman, 1995a). Corning (1995) suggests that such .rynngistic phenomena are 

primarily responsible for the catalysis of evolutionary creativity and novelty. This 

is an important point to note, as it is often said that systems which· are most 

capable of proficient innovation (complexification"'ii) possess an advantage within a 

transformative and competitive world (Lewin, 1992, Waldrop, 1992, Lucas, 2002). 

These developments in the realm of complex biological living systems are clearly 

visible in Arie de Geus' 'living company' (i.e. living view of the organisation),_ 

delivered into the mainstream management literature in de Geus (1997) and de 

Geus (1999). De Geus (1997, pg.55)'s 'living company' metaphor illustrates a 

landscape where, " ... assets-and profits-are like oxygen: necessary far lift b11t not the purpose 

of life'', with the challenge for management becoming not only the optimisation of 

xiii Refer to Section 4.1.2.5 : Comp)exj5c;ujon and dissolvence for an explanation of the term 
co111plc..7jication. 
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capital, but more importantly the optimisation of people; two equations described 

with very different parameters31 • His four distinctions of a 'living company' echo 

the autonomy, community/environment sensitivity and the preservation of 

identity of Maturana and Varela (1980)'s autopoietic systems theory, while the 

awareness of internal and external relationships, the accelerated learning value of 

flocking and the role of coevo/11tion reverberate Corning (1995) 's ryne7/stic phenomena. 

The 'living company' alludes to the real purpose of enterprise being to survive, 

thrive, and to continually self-actualise (innovate) toward the fulfilment of its 

potential, providing an equitable future for the generations to follow. In stating 

this, de Gues provides an altruistic organisational development methodology, 

almost suggesting that his 'living company' view of business systems is conducive 

to the betterment of all humanity. 

The major paradigmatic contribution of the living systems perspective is in its 

continual distinction between the 'company as machine' and 'living company' 

allegories, with the clear argument for the 'living company' being that only living 

organisms possess the cognitive capacity to learn, adapt and evolve. The 

metaphoric distinction, clearly highlights the sustainability deficiencies of the 

'company as machine' view (and its narrow, production line-like capacity for 

making short-term profits), and calls for an ethical appreciation of value and 

purpose sensitive to both the individual and collective need. Such metaphorical 

distinctions are seen in the contrasting phenomenology of the previously 

discussed autopoiesis (living systems) and its converse, allopoiesis (non-living 

systems) as examined by Maturana and Varela (1980). In contrast to a living 

system, an allopoietic system is understood by its linear input-output relations, 

whereby the product of its functioning is something other than itself e.g. a 

production line. The behaviour of an ideal allopoietic machine should be 

predictable by knowing its transformational (configurable) processes and its initial 

state. However, in complex allopoietic systems, where the number of decision 

variables (control parameters) and their space/time fluctuations are large (or 

unknown), behaviour becomes extremely difficult to predict e.g. fault detection in 

complex telecommunications networks. Moreover, due to their closed nature and 

inability to self-produce, allopoietic systems are susceptible to the forces of entropy, 
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the nature of machines to run down and reqwre continual work in order to 

maintain their capacity to function and perform. 

These metaphors paint a lucid picture of the need to look at organisations as 

living organisms, and the ultimate unsustainable future in running an organisation 

using the machine narrative. The potency of the 'living company' metaphor is not 

only in its stressing of the importance of organisational learning and adaptation, 

but its ability to integrate the essential competencies of the sustainable new 

economy enterprise i.e. knowledge management, openness, communication, 

community, values, culture, systemic thinking and ethics (\Vitzel, 2003). Such a 

view is in direct contrast to the rational and economising view of the organisation, 

which leaves little room for creative novelty and emerxence under its allopoietic 

'machine for making money' model, which prefers to see the organisation as a 

closed system disjunct from its market reality (de Geus, 1999). 

Despite the powerful narrative of the 'living company' and its analogue a11topoiesis, 

a lack of ontological examination means that while a11topoiesis wholly describes the 

individual agent, not all principles scale for groups of individuals. At the 

individual agent level, autopoietic networks are organisationally closed meaning that 

the organisation of the agent is independent of anything outside of it, including 

the interactions and influences of its environment. In other words, the circularity 

of living systems' organisation affords the concept of a conservation of identity, 

an identity that so embodies the living system that a loss of such would denote 

disintegration or death (1faturana & Varela, 1980). For example, most 

components of living organisms are highly interdependent, such that if a certain 

component is separated, the organism dies. However, while this makes sense at 

the individual level, at the group (collective) level, the dynamic changes 

dramatically. Within complex human systems the same principle would preclude 

the possibility of a collective social transformational novelty i.e. a preservation of 

identity would mean that the very fabric of organisation would remain universally 

constant through time (Stacey, 2001). This is obviously not true, as human 

organisations continually merge, divide and evolve toward new organisations, new 

visions and new purposes32 (Kaufman, 1985). Despite this, de Geus (1997) 

maintains the value of an awareness of corporate identity, but his concerns for 
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identity may not be as much about preservation, than they are about a sense of 

purpose, place, camaraderie and reciprocal benefit. Addressing these limitations 

of the analogue, von Krogh and Roos (1995) suggest that autopoiesis is a significant 

contributor to our understanding of the dynamics of organisational behaviour and 

knowledge when used as a self-similar lens for analysis, and not as a vehicle of 

direct and objective scaling across ontological levels. 

Although not often explicitly stated, existing in ontological complement to the 

'living company' are the many incarnations of Peter Senge's 'learning 

organisation.' In Senge (1990b), Senge (1990a) and Senge, Kleiner, Roberts et al 

(1994), the synthesis between scientific and humanistic approaches to 

management science is clear, with the .rystemic imperative of Senge's 'fifth 

discipline,' fusing together theory and practice (Nonaka & Takeuchi, 1995). 

Underpinned by systems thinking, the 'learning organisation' is presented as an 

alternative philosophy to the pervasive pursuit of reductionism's simple answers 

to complex problems33
• In such a dynamical and complex world, Senge argues 

that an organisation's capacity for adaptive and generative learning represents its 

evolutionary faculty and hence, the means to its survival within a competitive 

world. Within the 'learning organisation,' various disciplines are encouraged, 1) 

personal mastery and self-actualisation, 2) a discussion and challenge of mental 

models, 3) development of a shared vision and 4) the role of team learning. By 

applying the principles of openness and .rystemic thinking to the interconnectedness 

of organisational reality, this meta-methodology clearly partitions the roles of 

innovation and creative chaos within the structured order required to maintain a 

common purpose and overall direction; a body of work capable of providing the 

methodological foundations for tackling Stacey (1996)'s 'creativity and efficiency 

paradox.' 

Despite the vividness of the living and learning views, and their potential for 

mainstream social, financial and environmental benefits, both views are delivered 

with a distinct lack of epistemological and ontological grounding. While claiming 

to be an alternate way of understanding organisational behaviour and 

development, they are both inherently methodologies, not philosophies, delivering 

an operational appreciation, but not the firm underpinning unto which they can 
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holistically assert and def end their inferences. Indeed, even with decades of 

deliberation on the topic, there remains little consensus about what it is the 

organisation is supposed to be learning about (Crossan, Lane et al., 1999). 

It is in response to voids like this, that Nonaka and Takeuchi (1995)'s 'knowledge 

creating company,' made explicit their epistemological and ontological 

'dimensions of knowledge creation' (see Figure I below), which draws upon 

Polanyi's distinction of tacit and explicit34 knowledge (as published in Polanyi 

(1966)). 

Figure I: Nonaka and Takeuchi's 'dimensions of knowledge creation' 

Epistemological 
dimension 

Explici1 1 knowledge 

Tacit 
knowledge l 

Gmup ( )rpni:1.;:i.rional 

Knowledge level 

lnrcr~ofb."3nizationa1 

Ontological 
dimension 

Adopted from Nonaka and Takeuchi (1995, pg. 57) 

The knowledge creating view of the organisation clearly exposes the link between 

knowledge creation and innovation in its now famous model of, 'knowledge 

creation ~ continuous innovation ~ competitive advantage' (Nonaka & 

Takeuchi, 1995, pg. 6). Within this context, concepts of organisational learning 

and knowledge creation are not too distinct, and indeed knowledge may be seen 

as being at once, the input and output of the learning process; a continuous 

progression through several levels of learning (Allee, 1997, Ancori, Bureth et al, 

2000, Teigland, 2003). 

"As a group of individuals collaborate on a common task, they apply a 
common body of knowledge. Through applying this common knowledge, 
the}' also increase their knowledge since knowledge and learning are difficult 
to separate in dynamic task environments. An individual learns by 
participating in an activity and thus builds his or her knowledge. Thus, 
social interactions and not the isolated behavior of individuals are the basis 
for knowledge creation, exchange, evaluation, and integration. As such, 
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knowledge creation and learning are situated, social processes that cannot be 
separated from working with knowledge as the outcome" (Teigland, 2003, 
pg. 270). 

\\t'hile effectively concurring with /iting and leaming views' suppositions regarding 

the only sustainable advantage being sourced in an organisation's learning 

potential, the 'knowledge creating company' augments this capacity with a 

consideration for the ontological implications of the human aspect. Such a 

concern is evident in its 'knowledge spiral,' whereby the continuous process of 

socialisation, externalisation, combination and internalisation creates and diffuses 

knowledge at different individual and collective levels. The fundamental ideology 

of the 'knowledge creating company' is apparent in the following statement: 

"Organizations deal with uncertain environments not merely through 
passive adaptation, but through active interaction. Organizations can 
transform themselves. Yet, many existing views of organizations are passive 
and static. The organization that wishes to cope dynamically with the 
changing environment needs to be one that creates information and 
knowledge, not merely processes them efficiently. Furthermore, the 
organizational members must not be passive, but must rather be active 
agents of innovation" (Nonaka & Takeuchi, 1995, pg. 49-50). 

Within their organisation theory, Nonaka and Takeuchi (1995) describe the 

'enabling conditions for knowledge creation,' in which the rationality and 

hierarchical power dynamic of the 'company as machinexi'"' metaphor seemingly 

have little place. In contrast, these authors draw attention to the increases in 

individual motivation and creativity made possible via an empowerment of 

autonomy and mobility and to the requirements for redundancy and variety in 

human agent (knowledge worker) schemas. In later publications, von Krogh, Ichijo 

and Nonaka (2000) and von Krogh, Ichijo and Nonaka (2001), further 

complement their original conditions by suggesting the additional need for 

developing a time-space sensitive context for knowledge creation called 'ba' (or 

'place'). In doing do, they also make explicit their beliefs in a social Constructivist 

perspective of knowledge creation. The 'enabling conditions for knowledge 

creation,xvc unmistakably broadens the living and /earning views of the organisation 

xiv Often also referred to as "organisation as machine." 
xv Refer to Appendix D : Conditions for knowledge creation for more information. 
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with a perspective that accounts for the innately human needs of belongingness, 

trust, empathy and creativity. However, while the imperatives of autonomy, 

mobility and adaptive and generative learning within the living and leaming views 

are also evident in the knowledge creating view, there remains deficiency in 

methodological integration. 

2.3 Knowledge and its management 
Authors such as Nonaka, Takeuchi, von Krogh and Ichijo are generally 

recognised for their seminal contributions to the knowledge management movement 

and the knowledge-based view of the firm. As a corporate discipline, knowledge 

management has grown remarkably in the past years along with a strong influence 

from the ICT community35 (Stenmark, 2002) and was only recently being heralded 

in the West as the newest in a production line of management consultancy ideas 

(f akeuchi, 1998). Indeed, due to the marketability of kn01vledge management, since 

its inception the living and learning views have suffered a steady decline of 

concern36 (Swan, Newell et aL, 1999). However, despite the high levels of interest 

and investment, many of the potential benefits of the knowledge management 

movement may have been overlooked because of fundamental misinterpretations 

of concept and terminology. Such confusions have resulted in a diversion of 

energies toward the administration and cataloguing of \vhat already exists' within 

the organisational system, rather than toward the creation of new knowledge and 

innovation i.e. 'what does not yet exist.' Thus, while the former shall 

undoubtedly uncover certain operational efficiencies and benefits, the latter is 

what arguably defines the key capability for maintaining competitiveness within 

the complex and dynamic digital economy. Thus, the commonly accepted 

definition of kn01v/edge management has little to do with knowledge creation and 

rather, is more concerned with the management of 'information' within the 

organisation (Wilson, 2002). Consequently, unless a fundamental epistemological 

directive for organisational system evolution and progression can be conveyed, 

knowledge management too may be destined to the same fate as the many fads which 

preceded it. 
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2.3.1 Views on knowledge 
Within the digital economy where it is purported that the 'only certainty is 

uncertainty', knowledge is now widely professed to be the most significant source 

of sustainable competitive advantage (Nonaka, 1991, Nonaka & Takeuchi, 1995, 

DeTienne & Jackson, 2001, Lazio & Lazio, 2002, Stenmark, 2002, Stapleton, 

2003). Fuelled by t~e oft-repeated statement regarding knowledge as the only 

purposeful resource of the 21st century, knowledge is perceived to be able to 

continuously drive new value-added offerings, leveraging off technological 

enablers and social capital37 to foster wealth through innovation and social well-

being (Nonaka & Takeuchi, 1995, Huotari & Iivonen, 2004). In effect, the 

turbulent and unpredictable complex and dynamic digital economy is forcing a 

renewal of organisational competency toward the more unconventional currencies 

of trust, commitment, collaboration, intellectual capital and knowledge creation 

(\Vebber, 1993, Kiernan, 1995, Amidon & Kempston, 1998, Webber, 1999, Koch, 

2001, Huotari & Iivonen, 2004). Co.nsequently, knowledge is now widely 

recognised as the real capital38 of the developed, global economy (Drucker & 

Modic, 1989); "vi.th Grant (1996) going so far as to say that it is most strategically 

significant resource of the firm. However, despite its gravity, knowledge remains 

a slippery and difficult concept to define, often leading to much confusion in its 

employment and expected benefits. 

For centuries, the genesis of knowledge has been ostensibly philosophised in 

context of the science of the day. From Positivist stances made possible via ·the 

triumphs of the Modernist industrialised era, to Postmodernism's fragmentation 

of context and acceptance of chaos and relativity (Ward, 1998), the concept of 

knowledge can be interpreted in many and varied ways. Further intensifying the 

mystery, general societal assumptions regarding what and why we believe 

something to be true are predominantly held implicitly. Consequently, a concise 

definition of knowledge also remains as elusive (Dodgson, 1993, Crossan, Lane et 

al., 1999, Fisher & White, 2000). It is no surprise then, that knowledge's 

rhetorical appeal is ultimately affording its relative ambiguity within the knowledge 

management arena (Alvesson, Karreman et al., 2002). Primarily convoluting the 

discussion of knowledge management's role within the organisation is the frequent 
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neglect of understanding of the philosophical grounding unto which such 

knowledge is to be managed, created or validated. Thus, without a clearly stated 

ontological and epistemological foundation (context) for knowledge within the 

organisational system xvi, it cannot be expected that subsequent methodological 

implementations shall be appropriately directed toward complex problems whose 

assumptions are spatiotemporally unique and whose dynamics, emergent. 

Accordingly, without such definition it is also expected that the purpose and 

premise of organisational system evolution itself, may too be misdirected, as 

learning, knowledge creation and business system development are inextricably 

linked. 

Without consensus regarding the ontological and epistemological assumptions of 

organisational knowledge (von Krogh & Roos, 1995) it is difficult to expect that 

processes of its creation will be directed appropriately. For example the 

assumptions which underpin the philosophy of the 'company as machine' mindset 

as alluded to by de Geus (1999), give weight to a linear, 'more is more' rationality. 

This poses challenges to the understanding of knowledge creation within the 

complex and dynamic digital economy, especially when positioned upon the 

background of the oft-repeated 'data ~ information ~ knowledge' trichotomy 

(Davenport, 1997, Choo, Detlor et al., 2000, Davenport & Prusak, 2000) (see 

Figµre II below). \Vhile such a concept is not necessarily inconsistent with a pure 

Cognitivist39 view of the organisation, is at odds when considering the subjectivity 

and inherent nonlinearity higher-order, complex systems e.g. human systems 

(Lindsey-King, 1998, Ancori, Bureth et al., 2000, Baets, 2000, Stenmark, 2002, 

Scott, 2005). 

Figure II: The data, information and knowledge trichotomy 

I Data Infommtion Knowledge r·--· H~-----~ 
l.-.. ________ _ _ _ _ .. -·-----. ______ . L --------~ 

As with all models of simplified representation, there exists a danger that they may 

be misinterpreted. In the ·case of the above trichotomy, inherent linear beliefs 

xvi Refer co Appendix B : Social research foundations for an explanation of the relationship 
between epistemology, ontology, methodology and method. 
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may negatively influence the methods of knou1/edge management, whose ontological 

perspective cannot be divorced from a web of topologically interwoven 

relationships which merit an inter-subjectivity of space and time i.e. sensitivity of 

history, culture, language and socio-semiotic cues. (Young, 1991). Sterunark 

(2002) concurs, shedding light on the implications of such a simplistic 

interpretation of the trichotomy. Stenmark's particular concerns question the 

efforts required to transition between entities, assi:imptions pertaining to the 

asymmetric directionality of the model and beliefs in the existence of the data 

element as the independent starting point. In proposing a knowledge 

'continuum,' he reignites the need for understanding the organisational system's 

epistemology and ontology, which provide context for directing ICT solutions 

which can claim support for organisational knoui/edge management. 

" ... there is no 'raw' data, since every measurable or collectable piece of fact 
has already been affected by the very knowledge process that made it 
measurable and collectable in the first place ... The three entities [of the 
trichotomy] influence each other and the value of any of them depends on 
the purpose for which it is to be used. Both data and information require 
knowledge in order to be interpretable, but at the same time, data and 
information are useful building block for constructing new knowledge" 
(Stenmark, 2002, pg. 3). 

Thus while Cognitivist ('commodity'), information processing views best serve the 

management and regulation of non-human, non-living facets of the organisation, 

they pose a direct conflict to the 'management' of knowledge, which is arguably 

tacit, emergent and immeasurable; described by processes and patterns of human 

communication and hence, under continual regeneration (Stacey, 2001, von 

Krogh, Ichijo et al, 2001). Unlike information and other tangible organisational 

resources, it is unlikely that knowledge may be able to be stored or transferred 

outside of the socially-constructed environment of its genesis; a reality that is 

forever being renewed (von Krogh, lchijo et al, 2001). 

Knowledge may therefore be spatiotemporalfy sul?Jective. Take for example, a book 

that was published ten years ago. It contains pages of information from which an 

i?dividual reading at that time interpreted meaning. Today, if the same individual 

was to reread the book they would likely take away from it something completely 

different. Was it the intension of the author for the pages of information to be 
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interpreted in different ways? Was it not the same piece of information? With 

time comes the evolutionary progression of self and mind which cause us to 

interpret the same piece of information in different ways, extracting different 

meanings based on the frames of reference, values and beliefs we hold true at the 

time of reading•vu. The same is true for translating that information into another 

language (space). Assuming a perfect literal translation, the transformed pages of 

information are likely to be construed upon a different cultural setting, with 

different values and beliefs, affording again, a different meaning to be extracted. 

Such space-time dynamics of knowledge introduce a local-global challenge into its 

management, as while each individual interprets information in their own way, in 

their own time, the governing organisational directive still needs to be 

communicated. These characteristics also render the valu~ of knowledge-

embedded products and services heavily dependent on their context, as the same 

knowledge-embedded offering may present vastly different value propositions to 

different people (i.e. differing backgrounds, experiences and value schemas) or 

even to the same person at different times. This dilemma is only magnified by the 

increasingly global and cross-cultural nature of organisational systems seeking 

innovation within the complex and dynamic digital economy. 

Another limitation of rational, 'more is more' approaches is their consequent 

belief in the possibility of objectification and ownership of knowledge; that 

knowledge can be stored, transmitted and acquired independent of human 

interaction and interpretation. However, with authors like Stenmark (2002) 

claiming that all knowledge may indeed be tacit, it may make little sense to talk 

about objectively measuring knowledge (and intellectual capital). As a resource, 

knowledge may exist in the spatiotemporal dynamics of complex social 

relationships and in effect knowledge management may not be so much about 

'managing' as it is about nurturing (Nonaka & Nishiguchi, 2001, Stacey, 2001). 

Accordingly, prominent management and complexity theorist Professor Walter 

Baets suggests that kn0111/edge management transcends the bounds of just 

xvii At the time of information extraction. 
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methodology and necessitates concerns more philosophical, than scientific in 

nature: 

"Above all, knowledge management and learning is an attitude and a way of 
working with management. It is an overall approach that goes beyond the 
addition of a number of functional tactics. One could even say that it is a 
kind of philosophy of management, rather than a science. This process is 
one of redefining the target of the company from a profit making or share-
value increasing entity to a knowledge-creating unit. The first type of 
organization has a rather short-term focus, whereas the latter type has a 
more visionary and long-term one. . .. The aim of the company is no longer 
purely growth as such, but rather it becomes sustainable development and 
renewal" (Baets, 2000, pg. 3). 

Despite the asymmetrical and nonlinear relationships between elements of the 

trichotomy, most of the spending on organisational knowledge seems to not be 

directed toward an understanding of its context and purpose, but instead on the 

perceived ICTs of its enablement40 (Babcock, 2004). Irrespective of our 

premature understanding of the role.of organisational social relationships toward 

knowledge creation, most organisations have already adopted information-

oriented41 knowledge management methods, when instead, a focus of energies toward 

organisational design, culture, leadership and community may be what is actually 

needed (McDermott, 1999). Thus, while JCT catalysed knowledge management, it 

may not be able to deµver· the full potential of the knowledge enterprise (Llndsey-

King, 1998). For the full benefits of the knowledge-oriented enterprise to be 

discovered (i.e. an ability to ensure equitable and sustainable organisational 

system development), a fundamental epistemological, ontological and 

methodological repositioning may be required. However, this may be a premature 

view of the situation, as most large organisations are currently struggling to 

catalogue what they think it is they already know, let alone find direction from the 

unknown (Stacey, 1992). Indeed, much of what is professed as 'knowledge' 

management is seemingly little more that 'information' management; a cataloguing 

and codification of 'what already exist' (Wilson, 2002). 

Without a compelling context, Takeuchi (1998) suggests that the understanding 

and consequent management of knowledge may continue within the realm of 

'commodity'42
; with rational information processing methods43 predominating. 

Such an Objectivist view is often criticised because of its focus upon explicitly 

48 



Review and discussion 

described facets and social (ontological) divisions, attempting to enforce 

measurement, management and ownership of existing knowledge, instead of 

understanding how it can be created and employed to purposive ends44
• Ancori, 

Bureth et al. (2000) further critique such simplified, linear ideals (drawing 

attention to the heavy investment by organisations in data hording and 

information processing) and contrast 'more is more' economic principles with the 

complexity of a nonlinear, intangible and 'community' resource like knowledge. 

Nevertheless, this does not mean that directing JCT expenditure toward a goal of 

knowledge shall not deliver any business benefits at all45
• Instead, an 

acknowledgement of the 'community' view of organisation knowledge intends to 

highlight the importance of social co-ordination and networking (both formal and 

informal/ shadow~ to the management of knowledge, helping to paint a fuller 

picture of the situation by raising questions regarding the spatiotemporal 

subjectivity and emeTJ,enf dynamics of the resource (Swan, Newell et al, 1999). 

However, if concerns regarding 'community' and synergy remain neglected for an 

emphasis on linear information flows and static JCT-based networking, it is 

difficult to see knowledge management delivering its claims to innovation and thus, 

sustainable competitive advantage. 

Within this post dotcom boom era, a lack of repeatable results within the practice 

is already prompting some to question whether knowledge management is just another 

management fad whose seeds are sown on the same soil as the reengineering 

(piecemeal) endeavours of the past (as detailed within (Swan, Scarbrough et al, 

1999, DeTienne & Jackson, 2001)). This is not dissimilar to the fate of the 

'learning organisation', whose ultimate lack of a widely accepted model or theory 

has seen fragmentation within the literature (Fisher & White, 2000). Seemingly, 

methodologies whose foundations are more so philosophical or heuristic than 

scientific, are destined to be interpreted upon simplistic linear or rational 

worldviews and thus, their inability to deliver a single universal certainty seen as 

evidence of their failure (even though this was not their intention). Indeed, 

methodologies which r~quire spatiotemporal guidance and judgement in their 

execution are inherently trying to address wicked probleml7 and shall never be able 

to deliver or produce wholly 'repeatable' or predictable outcomes. Unfortunately, 
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any methodology which attempts to make sense of a complex world may be 

destined for the 'fad' label, unless it is widely accepted that complex problems 

warrant potentially 'unrepeatable' methods tailored to the unpredictability of 

unique and localised problem situations. Hence, to overcome the entopic 

propensity of rhetorical debate, epistemological and ontological positions 

underpinning methodological implementation need be explicitly understood for 

each problem situation, as to the professed assumptions and outcomes of the 

chosen methods. Never may this be more important than in the area of knowled,ge 

management, \vhose very nature demands \Ve reflect upon the premise and context 

of what we believe knowledge to be before we can hope to know how to manage 

(or nurture) it well. 

The future success of knowledge management may therefore rest in the universal 

acceptance of a framework from which to contextualise methods of knowledge 

creation. Researchers such as Professor Ralph Stacey and Professor Walter Baets 

continue to be at the forefront of such thinking, leading the growing interest in 

the application of complexity thinking to organisational development. Moreover, 

the strengthening body of complexity literature in the management field4
1!, 

highlights the real intent to provide a collectively applicable context for an 

interconnected and complex world (Dooley, 1996, Stacey, 1996, Dooley, 1997, 

Anderson, 1999, Cohen, 1999, Axelrod & Cohen, 2000, Ferdig, 2000, Stacey, 

2001). However, despite such leaps in understanding, seemingly no major 

accounts attempt to employ the complexity sciences in order to derive a commonly 

applicable model for the evolutionary development of organisational systems in 

terms of organisational knowledge and its creation. 

2.4 Chapter summary 
Wholesale transition into the complex and dynamic digital economy (as 

summarised in Table I, Table II & Table Ill) is increasingly demanding a new 

understanding of what organisation is. Today, businesses exist within a volatile 

and transformative ecology of customers, suppliers, competitors and 

complementers; a landscape generating much change and uncertainty. Within this 

new reality, there is much talk about the imperative, yet elusive role of knowledge 
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and its capacity to maintain strategic and operational congruence through 

continuous innovation and adaptation. However despite the attention, there 

remains a lack of collective framework (epistemology and ontology) from which 

to understand and enact methods of organisational knowledge creation and/ or 

acquisition. 

Within today's networked economy, mass information exchange and 

dissemination has affected a disaggregation of traditional value propositions, 

transforming everyday society into generators of valuable informational resources. 

Emerging within this landscape are the new breeds of interactive, online social 

ICTs like Web2.0; tools and practices which threaten to again alter the rules of 

engagement by pushing collaboration, interaction and social connection to new 

levels. These complex digital business .rystems promote the extensive social 

engagement of the business system with its external market space (not just the 

internal networks of the organisation), enabling for emerging consumption 

patterns and trends to be extracted i.e. knowledge which may assist in the ever-

development of product and service offerings. As such, Web2.0 systems are often 

highly coupled with business models and modes of operation, representing not 

only a source of product innovation but of business and market development. 

Although the living, learning and knowledge creating views of the organisation have 

delivered tremendous insight into the many challenges modern business, to date, 

little effort has been imparted toward the development of an encompassing 

framework able to make sense of the often paradoxical demands of the complex 

and dynamic digital economy. It is here were the comple:x.1{y sciences, and in 

particular Complex Adaptive Systems (CAS), offer more qstemic and integrative 

perspectives from which to accommodate the realities of coevo/11tionary 

organisational change and transformation within an increasingly participative and 

accessible landscape (Ferdig, 2000). Their alternate intermeshed ontological 

concern (and pursuant Constructivist-like epistemology) affords a vivid awareness 

of both participatory, nonlinear and emergent phenomenon, presenting a 

compelling lens from which to view the evolution of complex business systems as 

to, the purposive application of participative, online social ICTs toward learning 

and knowledge creatio~. 
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Chapter 3. Research problem 

Introduction 

'W11ile the previous chapter reviewed and discussed the complex and dynamic problem 
space of modern organisational business systems, this chapter develops the specific 
research problem and the subsequent questions to be investigated within this focus area. 

Chapter structure 

3. l BACKGROUND TO THE PROBLEM (SUMMARY) 
3.1.1 What is the complex digital economy? 

3.2 REsEARCH OBJECTIVES 
3.3 REsEARCH TOPIC AND QUESTIONS 

3.3.J Research questions 
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3.1 Background to the problem (summary) 
The revolutionary effects of ICT advancement have forever shifted the sources of 

competitive advantage within business. In today's complex and dynamic digital 

economy, organisations are both enabled by and compelled to employ knowledge 

embedded (and orientated) tools to continuously learn and innovate (Shrivastava, 

1998, Quinn, 1999). In doing so, a self-reinforcing environment emerges, one 

which demands that organisational development methodologies persistently 

deploy the knowledge resource toward new value creation. However, while 

knowledge is widely acknowledged as the single most important organisational 

resource, it is very different to the Capitalist resources of land, labour and money 

which preceded it. Thus, the primary challenge of the emerging complex and 

dynamic digital economy is one not only of methodological appropriation, but 

more importantly one of overcoming a fundamental philosophical incongruence. 

On one hand, centuries of Modernist (scientific) managerial mandate within a less 

turbulent world have ratified beliefs in the rational and .rystematic 'company as 

machine.' \Vhile on the other, the more recently apparent disorder of business 

outcomes within the networked economy is warranting fervent investigation into 

the organic and .rystemic teachings encompassing the living, learning and knoJ11/edge 

creating views of the organisation. Indeed, the management and development of 

the organisational business system is currently wedged between two very different 

worlds (Allee, 1999b). 

Increasing change and uncertainty in the operational space of business requires 

the organisational system to continuously create new knowledge and innovation. 

However, due to such a fragmentation of belief, there is risk that creative 

methodological selection may embark upon approaches akin to 'new 

reductionism: employing methods without a governing context or directive 

toward a relative silo-space of concern, ultimately offering little more than 

piecemeal solutions to what is a dynamic, interdependent and nnergent space 

(Bartlett, 1999, Travica, 1999). In overcoming this tendency, it is of critical 

importance that ontological and epistemological concerns are made dear, as they 

broadly determine the context for correct methodological inference (Butler, Scott 
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et al, 2003). Therefore, prior to implementing approaches which claim to create 

new knowledge or innovation within organisational systems, it is purported that a 

consistent ontological perspective underpinning organisational reality within the 

complex and dynamic digital economy (i.e. complex digital economy) is necessary. 

Such a perspective may help frame the underlying assumptions, boundaries and 

dynamics of the problem space, enforcing an explicit context for validating the 

purposefulness and accuracy of the knowledge to be created. 

The critical implication of all of this is that currently, online social ICTs like 

Web2.0 promise to developing vast amounts of new knowledge in extended online 

communities; dramatically shifting the sources of new value for business. 

Following on quickly from the first Internet revolution, the emerging interactive 

Web2.0 online social platform is forcing organisations to view their existence as 

part of an expansive networked and participative ecology. Such interactive 

technologies are enabling business systems to better connect with and learn from 

their operational environments, promoting information exchange, online (social) 

collaboration and innovation between parties. These complex digital business .rystems 

often exhibit se!f-organising and/ or emergent behaviour resulting in their value 

strengthening over time as they evolve in structure (form), function and 

behaviour. Moreover, in many situations, such complex digital business .rystems are 

closely coupled with business models and modes of operation, hence promising to 

also assist in a business development capacity. Therefore, understanding the 

behaviour and science behind complex business systems' development and the 

role played by ICTs which promote and accelerate the process of business 
evolution is essential. 

However, while much opportunity beckons, there is little in the way of a 

theoretical framework for understanding when, where and how such types of 

online social ICTs could and should be employed. Indeed, the methods which 

facilitate this type of engagement and 'on the ground' learning are dissimilar to the 

.rystematic scientifically-motivated approaches of the past. Due to their ever-

connected and continuous 'in use' dynamic, such ICT systems cannot be wholly 

separated from business operations, nor the process of data capture and analysis. 

Thus, more .rystemic frameworks are needed, frameworks which in providing 
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context for a continuous 'in use' data capture and analysis, direct the structure 

(form), function and behaviour of both the online social ICT system and the 

organisation itself. 

It is here where the complexity sciences (i.e. chaos, complexity and complex systems 

theory) are offering insight into the intricacy of modern organisational system 

reality, unearthing a wholly applicable context unto which a new appreciation of 

organisation design and the processes of its transformation may be inferred. Not 

serendipitously, the application of these .rystemic approaches to organisational 

system behaviour and development is delivering a perspective which is 

participative, diverse, interdependent and emer;y,ent, a compelling alternate view 

challenging mainstream organisational methodologicalx'.w selection and pursuant, 

often implicit, Objectivist epistemological and ontological positions. Ultimately, 

the complexity sciences promise more apposite models and heuristics for 

understanding the chaos of market and organisational system development 

(evolutionary progression), as to, the application of imminent online, social ICTs 

toward participative learning and knowledge creation and the effective 

engagement of the business system to the environment of its immersion. In 

doing so, complexity science is offering an acute appreciation of the sources of 

environmental change and uncertainty and in particular, is also illuminating the 

role which complex digital business .rystems may play in the 'on the ground' 

information extraction critical to the sustained competitiveness and progression of 

the organisational system. 

3.1.1 What is the complex digital economy? 

In Chapter 2 : Review and discussion it was revealed that every organisational 

system participates within a dynamic, nested and regenerative landscape of 

customers, suppliers, competitors, complementors and cultures. This landscape is 

forever changing in response to the demands and challenges of delivering value to 

an ever-discerning and active consumer. More recently, the revolutionary impacts 

of global Internet and mobile connectivity, mass information exchange, social 

xviii Refer to Appendix B : Social research foundations for an explanation of the relationship 
between epistemology, ontology, methodology and method. 
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diversity49 and collaboration have shifted the sources new value toward the 

currency of knowledge. However, unlike the zero-sum50 dynamic of Capitalist 

factors of production i.e. land, capital and labour (Drucker, 1993), when 

employed within the networked economy (i.e. disseminated), the knowledge 

resource exhibits self-reinforcing and non-diminishing behaviour. Thus, the 

value of the knowledge resource may actually increase exponentially with usage as 

it is not constrained by traditional economic rules of diminishing returns (Arthur, 

1999, Davis, 1999). This is likely to stimulate an environment dominated by an 

increased velocity of innovation and change, especially as new online social ICTs 

like Web2.0 amplify and extend such complex system control para111eters as 

information, connectivity and agent schema diversity; encouraging an increasingly 

spontaneous, interconnected and uncertain environment. Consequently, the 

networked revolution has finally illustrated that the operational space of modern 

business exhibits behaviours of a Complex Adaptive System"ix (CAS)51
, warranting 

any investigation or examination of organisational system behaviour and 

development be pursuant 'vith the phenomenology of a complex digital economy. 

However, this emerging, complex digital economy has not simply replaced the old 

economy; but represents the natural progression of the business ecology (system of 

systems) into an era of faster innovation and technology cycles as induced by 

parameters like informational flow and density, connectivity and extended 

participation and agent diversity. While hi-tech software and telecommunications 

organisations differ from organisations within slower growth and clockspeed52 

industries, many fundamental rules remain the same (e.g. economies of scale53, 

differences in production technology lead to differences in cost and so on). 

Indeed, a government institution, which may operate in relative isolation from 

competitive pressure, is not as subject to the uncertainty induced by deregulated 

and/ or l?Jper-competitive industries. In this way, uncertainty may be manageable and 

innovation may not be as important as it is to organisations existing at the cutting 

edge of technology. Thus, all organisational systems are immersed within the 

complex difjtal economy, but each with different exposures to uncertainty, the skilled 

xix The characceris~cs of complex systems are examined in Section 4. 1.5 : Essential Characteristics 
of Complex Adapove Systems. 
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knowledge worker and the ICT enabled, network-oriented business systems which 

epitomise it. 

In cases where the parameters influencing the organisational system are primarily 

outside of its direct control, the organisation may become an unwilling (or 

unwitting) participant .within the emetg,ence of new market phenomenon. However, 

if the organisational system is able to connect with and extend control over its 

environment, then the need for continuously producing innovation toward 

strategic and operational alignment may be reduced. Essentially, the degree of 

uncontrollable influence affected upon the organisational system by fluctuation in 

the busineSJ ecology of its immersion ultimately delineates its relative exposure (and 

contribution) to the complex digital economy. Consequently, it is likely that with 

greater exposure comes a greater dependence upon a command of the knowledge 

reso~rce (and subsequent innovation systems and networks) to adapt, survive and 

thrive in uncertain and volatile surroundings. 

3.2 Research objectives 
One of the prime concerns of this research is the development of a Complex 

Business Systems (CBS) theoretical framework to help with understanding the 

challenges and opportunities present within the complex digital economy. In order to 

develop this framework, a Complex Adaptive Systems (CAS) view of 

organisational reality shall be utilised in a foundational capacity. Employing this 

lens of complexity delivers insight into both organisational system design and the 

processes of its transformation. By looking at business systems and their 

constituent parts as active contributors engaged within the wider complex digj'tal 

economyxx. it is expected that we shall be able better understand the phenomenology 

of organisational evolutionary progression and sustainable development. This 

includes the specific roles which !CT-intensive systems (i.e. online social ICTs) 

and infrastructure play in accelerating the evolution of system structure (form), 

function and behaviour. A complex view also enables an unprecedented 

understanding of the sources of unpredictability in business outcomes, as to the 

.. i.e. participants within a transformative butinm uolog;y in which they both influence and are 
influenced by. 
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principles upon which generative strategies which bring forth new markets and 

product/ service innovations may be transcribed. 

More specifically, as the interactive Internet domain (i.e. lf7eb2.0) represents an 

imminent platform for the development of new knowledge and innovation, 

approaches are needed to guide the design and developm~nt of such participatory, 

collaborative and se!forganising digital systems. Promising to improve personal 

networking and interaction, stimulate the exchange of ideas and values, amplify 

personal opinions, build reputations and catalyse the development of new 

products and services, this new Internet platform is a means by which 

organisational systems may engage with their broader markets, entering into 

lasting conversations and relationshipsxxi. In many cases, such engagements are 

intimately linked to actual business models and modes of operation (O'Reilly, 

2005). Thus, it is the explicit intention of the CBS framework to help gwde the 

architecture and design of interactive and business-critical Web2.0 Internet 

applications (complex digital b11siness systems). \)7hilst such frameworks are not 

entirely lacking in the literature54, this thesis uniquely adopts an innately human 

se!frejlective view on complexity and bridges many of the more pertinent texts in 

the field. In providing an encompassing ontological foundation, it is hoped that 

knowing what, where and how to employ the new interactive Internet platform to 

assist in business development shall no longer be an ambiguous endeavour. 

3.3 Research topic and questions 
The interactive Internet medium is in its infancy, with little in the way of an 

encompassing theoretical framework available for assisting in delivering context 

for the development of online social ICTs i.e. complex digital business rystems. To 

address this problem the following topic has been chosen: 

Knowledge networking within complex business systems 

While the Complex Business Systems (CBS) ontology forms a substantial part of 

this thesis's contribution, it is purely a theoretical framework. In order to validate 

ni e.g. partake within online knowledge networ/eing. 
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and verify it, a real implementation would be required. However, due to the 

enormity of resources required to do so, such an implementation is outside of the 

scope of this Masters' thesis. Instead, this thesis is concerned with (and 

constrained within) the early-stage validation and verification of suitability of the 

CBS framework as a heuristic guideline underpinning the analysis, design and 

development of complex digital business rystems. 

To this end, an online kno1vledge networking application for use within the Small to 

Medium Enterprises (SME) and professional knowledge worker space is introduced 

and examined. Referred to herein as the 'Online Knowledge Networking 

Application' (OK.NA), it represents the beginnings of a validation of research 

work. It lays the foundation for an application of the Complex Business Systems 

(CBS) framework within the online social JCT space. It does this by framing the 

boundaries, issues, assumptions and high-level structure of a l"f7eb2.0 on/inc 

knowledge networking system. Hence, the topic of this thesis intends to both 

highlight the efforts it makes towards identifying the key characteristics of CBS, as 

to alluding to the ability to employ these characteristics toward a heuristic 

examination of architectural and design considerations to be made when 

developing knowledge networks within complex digital b11Siness systems. 

Finally, the research does not venture outside the SME and professional knowledge 

worker space, with all assumptions and conclusions framed within this boundary. 

3.3.1 Research questions 

In examining this research topic, the following questions also demand response: 

1. What are the essential characteristics of Complex Adaptive Systems 
(CAS)? 

2. Can a CAS perspective be employed to analyse complex organisational 
business systems? 

3. If so, what implications and insights can such a perspective provide to 
the architecture and design of interactive, online social ICTs i.e. complex 
digital business rystems? 

These questions are revisited in Chapter 6 : Conclusions. 
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Chapter 4. Framework design 

Introduction 

This chapter examines the subject areas of chaos, complexity and Complex Adaptive 
Systems (CAS) in an attempt to unravel some of the complicatedness within the 
multidisciplinary field. Employing this groundwork, the Essential Characteristics of CAS 
are elicited and 'complexity' posited to be just one of the many dimensions of a complex 
system. The various views of complexity contained within literature are then deliberated 
to deliver a proposed Classification of Complexity. The significance of this framework is 
in its delineation of a fundamentally se!frejlective human level of complexity; a level 
applicable for usage within the study of modern organisational business systems 
immersed within the complex digital econo"!J. Following on from this proposed framework, 
the lens of se!f-rejleclive human systems i.e. complex human systems is employed to discuss the 
syste1111i: implications for organisational system knowledge creation and development. The 
chapter finishes with an extension of the previously stated essential characteristics of CAS 
into a theoretical framework for Complex Business Systems (CBS). The intent of CBS is 
to deliver a heuristic framework for eliciting architectural and design direction for 
interactive, multi-participant ICT business systems (complex digital business systems) which 
both connect and exchange information between complex human agents. 

Chapter structure 

4.1 THE COMPLEX VIEW 
4.1.J Background 
4. 1.2 Chaos, complexity and complex systems 
4.1.3 Complex Adaptive Systems and a participative reality 
4./.4 "What is complexity? 
4.1.5 Essential Characteristics of Complex Adaptive Systems - original contribution 1 

4.2 DEVELOPING SELF-REFLECTIVE COMPLEX ADAPTIVE SYSTEMS 
4.2./ Introduction 
4.2.2 Dissipative structures and living systems 
4.2.3 A higher-order complexity: Self reflective 
4.2. 4 Characteristics of self reflective complexity 

4.3 A CLASSIFICATION OF COMPLEXITY 
4.3. 1 A Classification of Complexity- original contribution 2 
4.3.2 Complexity and the Principle of Computational Equivalence 

4.4 SYSTEMIC IMPLICATIONS FOR THE ORGANISATIONAL SYSTEM 
4.4. 1 Organisational system knowledge creation 
4.4. 2 Balancing creativity and efficiency 
4.4.3 Rising uncontrollability: Strategy from the ground up 
4.4.4 A new type of knowledge management? 

4.5 COMPLEX BUSINESS SYSTEMS 

4.5. l A theoretical framework for Complex Business Systems - original contribution 3 
4.5.2 A Constructivist-like organisational system reality 
4.5.3 Complex Business Systems: An ontological perspective 

4.6 CHAPTER SUMMARY 
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4.1.1 Background 

Framework design 

The living, learning and knowledge creating views have delivered a wealth of insight 

toward organisational structure, function and behaviour, and hence too, its 

development55
• However, when employing their perspectives toward business 

systems operating within the complex digital economy, we find that they do not 

explicitly provide scope for a complex reality. Unless we can present a clear and 

wholly applicable ontological perspective for understanding the characteristics 

underpinning the behaviour and development of organisational systems, there 

shall undoubtedly remain methodological'°'ii displacement. Even thought we 

continue to be presented with clear examples of the flaws of even mechanically-

orientated ontologies56 (and pursuant methodologies), a lack of a compelling 

alternative perspective restricts wholesale change in understanding or approach. 

This is where the complexity sciences can help, providing an apposite perspective 

from which to view the complex realities of modern organisational systems and 

their volatile environments. In providing scope for a coevolV1irg and participative 

reality, the complex view dispels simplistic linear cause-and-effect beliefs and 

instead supports an emergent position of organisational system (social) existence; a 

view where meaning, purpose and function are continuously reconstructed 

through our social engagement and interaction -with our world. To this end, much 

work has been, and continues to be done on a particular type of complex system 

called a Complex Adaptive System (CAS). In coupling with their environment 

(i.e. with other CAS), these adaptive systems continuously alter their structure 

(form), function and behaviour befitting new demands and opportunities. 

However, work on CAS to date has rarely attempted to explicitly cater for human 

abilities, nor aggregated organisational system behaviours. For example, 

assumptions regarding human wisdom (strategic ability), ignorance, emotional 

interpretation, volition or conation are rarely stated explicitly. Such concessions 

xxii Refer co Appendix B : Social research foundations for an explanation of the relationship 
between epistemology, ontology, methodology and method. 
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require an acknowledgement of an organisational reality co-created not only via 

the interrelationships of human agents and/or systems and the environment in 

which they are immersed, but also highly dependent upon the often asymmetrical 

and spontaneous highly value-dependent reasoning of autonomous human agents 

se!f-orga11isi11g under the influence of individual motivations (Prigogine & Stengers, 

1985). Additionally, we cannot also assume that the pluralist (and often non-

altruistic) intentionality of human agents (and collective groups of agents) shall 

generate phenomena similar to less complex living systems whose teleonomy57 is 

arguably involuntary (Capra, 2002). Human systems ultimately exhibit a greater 

level of complexity; a complexity which enables an extension of purpose into an 

action or behaviour, possibly even conducive to cultural, spiritual or creative self-

fulfilment. 

Consequently, there is a need for a view on complexity and complex systems that 

extends current thought regarding organisations as simply a11topoietic, living or 

learning systems and respects their innately human aesthetic (Allee, 1999a, Allee, 

2000, Stacey, 2001, Capra, 2002). Such a view requires an accommodation of a 

unique class of living, complex human systems and their capacity for self-reflection, self· 

determinism and wilful knowledge creation and innovation. Thus, building upon 

the self-organising, dissipative and cognitive characteristics of living systems, the 

theoretical construct of self-reflective complexity (a component of the second research 

contribution) intends to emphasise this innately human perspective on 

complexity; the capacity to 'know that we know,' be self-aware, self-determinate and 

both adaptive and generative at the same time (Maturana & Varela, 1987, Corning, 

1995, Prigogine, 1996, Capra, 2002). In other words, a sole living (or cognitive 

complexity) paradigm does not provide a comprehensive window unto human 

complexity, as it does not incorporate the capacity for the agent to extract 

individual meaning and make behavioural choices from a knowledge (i.e. justified 

beliefs and values) derived from a fusion of an individual and collective 

awareness. It also does not accommodate for the unique ability of human systems 

to exercise intentionality over their teleonomy, nor the transformation of identity 
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made possible via a collective (social) existence•xiii. Therefore, it is expected that 

the theoretical construct of te!frejlective complexity may help deliver a platform from 

which to understand the indeterminacy of the te!forganiting, coevolutionary and 'not-

so-rational' phenomena affecting complex organisational business systems 

immersed within the I CT-induced complex digital economy. 

Carrying on from here, this chapter catalogues the essential characteristics of 

CAS, on top of which it layers the implications of te!freflective complexity to develop 

a theoretical framework for Complex Business Systems (CBS). While CBS sheds 

light on the very foundation (ontology) of complex organisational system 

behaviour and development, it is not used \\-ithin this thesis to assess or provide 

guidance toward organisational design or business process. Instead, its primary 

intent is to outline a heuristic framework for eliciting architectural and design 

direction within interactive, multi-participant, online social ICT business systems. 

Such complex digital butiness systems both connect and support the exchange of 

information between human agents and in close coupling with organisational 

business models and modes of operation, often display self-organising and emergent 

phenomenon. Because of such nonlinear and unpredictable behaviour, mere 

mechanically-orientated or systematic methods of ICT systems design are 

inappropriate for the complex and dynamic social world of Web2.0. Instead, more 

rystnmi: frameworks are needed to provide insight into the closely coupled socio-

technical development and usage of complex digital business systems, as well as their 

many impacts to business evolution. 

4.1.2 Chaos, complexity and complex systems 

Even without probing too deep into the underlying theories of chaos, complexity 

and complex systems, it is clear that there exists much complicatedness in the 

field. Chaos, the term synonymous with nonlinear dynamical systems theory, is 

inscribed within a number of diverse contexts including (amongst others) both 

mathematical and popular sciences (Ward, 1998). Common among all 

descriptions is chaos's teaching of 'sensitive dependence on initial conditions.' 

xxiii Refer to Section 2.2.1 : The meta-methodologies for a discussion of the transformation of 
identity as possible within social, human living systems. 
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This quandary of modern science ushe~s in a paradoxical and nondeterministic 

world, a word challenging simplistic beliefs in linear predictability, and instead 

supporting an almost quantum-like probabilistic view of future outcomes. 

Ultimately, the fundamental tenets of chaos place in question claims of an 

objective and universal scientific method, establishing close ties with theoretical 

perspective of Post-modernism; offering vivid metaphors which are widely 

applicable to both cultural (social) and natural physical phenomena (Prigogine & 

Stengers, 1985, Young, 1991, Ward, 1998). For these reasons, it is often 

suggested that chaos represents not just another theory, but a potential shift in the 

very foundation of scientific method and thinking, especially in approaches which 

posit a human (social) intervention (Gleick, 1987, Prigogine, 1996, Crotty, 1998). 

4.1.2.1 Chaos 

At the heart of chaos theory is the spontaneous emergence of nonlinear feedback 

relationships among the system's control parameter! (or degrees of freedom). In 

certain system states, such interferences may act as positive feedback, giving rise 

to spontaneous and unpredictable behaviour (Goldstein, 2001). While made 

popular by such authors as Gleick (1987) and Stewart (1989) in the late 1980s, 

such concepts of indeterminism and the experience of chance are not that new 

and can be traced back to the work conducted on dynamical systems by turn of 

the century theoretical scientist and mathematician Jules-Henri Poincare5s. In 

more modern times however, the source of irregularity in nonlinear dynamical 

systems has often been described as, ''the exponential divergence of initialfy clo!e 

trqjecton"u in a bo11nded region of phase-space59
" (Ilachinski, 1996, pg. 183). This 

cornerstone of chaos thinking is commonly referred to in the literature as the 

phenomenon of 'sensitive dependence on initial conditions,' which in turn was 

popularised by Edward Lorenz's 'butterfly effect.' The 'butterfly effect' took 

chaos to the masses, by alluding to the idea that chaotic weather patterns could be 

created by something as seemingly insignificant as a butterfly flapping its wings 
(Gleick, 1987, Stewart, 2002). 
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Figure III : Lorenz's weather pattern projection (the 'butterfly effect') 

1'1 I 

------------------------------------------------------------..... ~ t 
Adopted from Gleick (1987) 

Lorenz's well known weather pattern diagram illustrates the 'butterfly effect' (see 

Figure III above). It is evident that from nearly identical origins, the trajectories 

exponentially grew further apart until there existed little, if any resemblance 

between them. The cause of divergence was a mathematical rounding in the order 

of 0.000127 (i.e. arguably equivalent to a slight breath of wind or butterfly 

flapping its wings) which while seeming like a reasonable assumption to make, 

proved calamitous to Edward Lorenz's longer-term weather pattern (trajectory) 

projections (Gleick, 1987). 

Whereas most scientific measurement methods would be pleased with such a level 

of accuracy, chaos asserts that nothing less than infinite precision would be 

required to predict a chaotic system's future trajectory, a prec1s10n which 

obviously cannot be achieved in any realistic situation (Prigogine, 1996). 

Moreover, it also assumes that all determinants affecting behaviour (i.e. complex 

control parameters) are known, as to the rules governing their temporal variability 

and fluctuation. While this may be true for closed and isolated systems, real world 

systems like social and economic systems, coevo/ve, engage and interact with other 

systems and agents within an ever-transformative and uncontrollable landscape. 

Therefore, chaos delivers previously epistemologically privileged (Objectivist) 

scientific methods into a realm of ambiguity, raising questions regarding the 

repeatability of experiments and conditions and the role of the observer, as well as 

scientific claims of predictability, verification and falsification of existing theory 

ff oung, 1991, Stewart, 2002). This is especially the case for problem spaces 
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which posit social or human intervention, as the desires and motivations 

underpinning human behaviour are rarely rational or prescribable. 

4.1.2.2 Complex systems 

Chaos has hence become the foundation of modern complexity saence (Ferdig, 

2000), an almost anti-establishment and {)'Sfemic science differing both 

epistemologically and methodologically from the traditional Western (Newtonian 

influenced) sciences (Gleick, 1987, Ward, 1998). More precisely, chaos may be 

thought of as the behavioural directive governing continuous nonlinear dynamical 

systems i.e. complex systems (Kauffman, 199Sb). Chaos essentially makes it 

impossible to make longer-term predictions about the future behaviour of a 

complex system, because while it may be argued possible to fix the initial 

conditions of a system to a assumed finite accuracy, any errors (small noises) or 

resonances between systems may be amplified exponentially (Gleick, 1987, 

Ilachinski, 1996). 

4.1.2.3 The evolution of complex systems 

However, despite the inability for longer-term prediction of future state within 

complex systems, it is likely that the system may be known, at a particular time, to 

be constrained to a particular range of phases (choices), which can allow for a 

reasonably accurate probabilistic description of system trajectory within the 

shorter-term. Though, in 'real world' systems, which continually interact with 

. other complex and dynamical systems, the likelihood of statically framed 

boundaries occurring for any reasonably duration is minimal, if not improbable. 

Ultimately, 'real world' systems coevolve with other 'real world' systems and 

autonomous agents60 and resonances between such mean it is difficult to 

objectively predict the configuration space of all agents and systems contributing 

to the regenerative reality of a complex landscape (Kauffman, 2000). In other 

words, within 'real world' evolutionary systems (e.g. living and human systems), 

unpredictability is not only produced by such 'sensitive dependence on initial 

conditions', but is also dependent upon the interactivity of autonomous agents 

self-organising (with/without mandate) to maximise some measure of like fitness 

both in the face of farfrom-equilibrium challenges and due to acts of self-determinism. 
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Such a coevol11tion with other dynamical autonomous agents and systems (which 

may themselves exhibit near-infinite numbers of degrees), ultimately gives rise to 

the real experience chance events61
• 

The evolutionary progression of a complex system's trajectory (i.e. its phase-state 

transitions) is marked over time by an internal 'friction' (i.e. basin(s} of attraction62) 
which act to contract the phase-space volume of its control parameters, and therefore 

constrain the function and behaviour of the system to approach a subset of phase-

space in consonance with a reigning attractor(s} (Ilachinski, 1996, Goldstein, 2001). 

As their name suggests, attractors, 'attract' the function and behavior of a system · 

within particular environmental (internal and/or external) conditions. A 

simplified example would be a Friday afternoon deadline for a report on the 

boss's desk, which constrains the activity space qf the assigned worker toward that 

fixed point. \Vithin this narrative a number of different attractors can emerge, 

forming an ever-evolving landscape which influences the behavior of systems 

over time. Those which constrain the phase-space of a system to some known 

single point, or to some known periodic cycle are often refereed to as stable or 

eq11ilibn-11m attractors, while those which draw the system toward instability are often 

known as 11nstable or diseq11ilibn.lfm/ di.rintegration attractors (Gleick, 1987, Stacey, 1996, 

Goldstein, 2001). While many control parameters may exist within a complex 

system, there are three (3) fundamentals, 1) information (energy) flow and 

density, 2) the number and strength of agent connections within the system and 3) 

the degree of agent diversity (value schema differences) within the landscape 

(Stacey, 1996, Stacey, 2001). According to Stacey (1996), stable attractors reign 

when the three (3) control parameters are low i.e. when energy, matter and/ or 

information is dissipated slowly through the system's nodes with stability 

actualised through the damping effects of 'negative feedback'. Conversely, unstable 

attractors reign when the control parameters are high i.e. when energy, matter and/ or 

information is dissipated rapidly through the system's nodes with instabilities 

actualising via the amplifying (self-reinforcing) effect of 'positive feedback'. In 

the latter, the system may speed to infinity until a constraint halts its expansion 

and the system is forced to find a new order (or disintegrate) in the face of a 
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challenge far-from-eq11ilibri11m e.g. infection within a population reaching its 

saturation point. 

However, not all a/tractors are either stable or 1111stable. Indeed, some attractors 

possess the contradictory characteristic of an orbit which never repeats or crosses 

(possessing an infinite amount of paths), yet lies in a finitely describable space. 

The structure of such strange attractors have become known as fractalP (Gleick, 

1987, Goldstein, 2001) (see Figure IV below). Chaos is one such strange attractor, 

in that all nearby trajectories are drawn toward its orbit, yet two very close 

trajectories may exponentially diverge away from each other (due to the 'butterfly 

effect'), and nevertheless still remain within the same basin ef a/traction. For some, 

strange a/tractors are seen as the engines of innovation and creativity, creating 

information where none existed, as the potential paths of trajectory (system 

choices) are no longer limited to the linearly described equilibrium-seeking stable 

attractors, but are now able to also tap into an almost infinite choice (Gleick, 1987, 

Stacey, 1996). 

Being both stable and unstable, the behavioral actualisation of systems predisposed 

to the strange attractor of chaos are therefore ultimately unpredictable, but may 

indeed still behave according certain deterministic rules64
• Thus over time, the 

general understanding of chaos has since progressed from its traditional 

interpretation of totally random activity, toward a more complexly ordered 

pattern, which while seeming random, may actually signal emergence of a strange 

new kind of order (Goldstein, 1994). Indeed, scientific tests already exist which 

can help establish whether a given system's behaviour is either chaotic, or truly 

random (Anderson, 1999). 

"As a growing snowflake falls to earth, typically floating in the wind for an 
hoW: ?r more, the ch?ices made by the branching tips at any instant depend 
sen~mvel~ ?n s~ch things as the temperature, the humidity, and the presence 
of 1mpunt1es m the atmosphere. The six tips of a single snowflake, 
spreading within a millimetre space, feel the same temperatures, and because 
the laws of growth are purely deterministic, they maintain a near-perfect 
symmetry. But the nature of turbulent air is such that any pair of 
snowflakes will experience very different paths. The final flake records the 
histo~ o~ all the changing weather conditions it has experienced, and the 
combinations may well be infinite" (Gleick, 1987, pg. 311 ). 
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Figure IV: Fractal structure (example)xxiv 

4.1 .2.4 Self-organisation, emergence and dissipative structures 

The concept of emergence is fundamental to the understanding of complex systems. 

Emergence relates to phenomenon exhibited by systems when poised between 

states of chaos and order. Made popular by computer scientist Christopher 

Langton, such systems are often said to be perched on the 'edge of chaos'65 

(Langton, 1990). The basic idea behind the 'edge' is that nothing novel and 

creative can emerge from systems with high order and stability, such as crystals. 

On the other hand, completely disorganised systems, such as boiling fluids or 

heated gases, are seemingly too unstructured and amorphous (Horgan, 1995). 

Truly adaptive complex systems, such as ecological and socio-economic systems, 

appear at this 'homeochaotic66
' border, a balance point between discontinuous 

stability and transformation (Kauffman, 1993, Stacey, 1996, Koch, 2001). Indeed, 

the most successful systems in the evolutionary game are those which are best 

capable of being continuously driven to (but not past) the edge (Kauffman, 

1995a). When driven to the edge, the system is said to be in a state farfrom-

equilibrium. Subsequently, it is forced to act and crystallise new structure (form), 

function or behaviour i.e. find a new 'order for purpose.' This spontaneous 

phenomenon is commonly referred to as emergence. 

xxiv This diagram illustrates the concept of selfsimila1iry in that at ever descending levels of 
subsystem, similar structure (form) exists, just not at the same scale. 
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\'V'hen examining such etne'J},enf behaviour, we are intrinsically drawn toward energy 

dissipation and farfrom-eq11ilibrium phenomena. Such was the crux of the research 

performed by Nobel Laureate and pioneer in the· field of non-equilibrium 

thermodynamics, Ilya Prigogine, who in association with G. Nicolis published the 

theory of dirsipative stroctures in 1977 (see Figure V below). Their research into the 

Benard instability (heat convection in fluids), uncovered structures which emerged 

without imposed hierarchical mandate nor blueprint, dissipating energy through 

the system so as to se!f-o'J},anise and find a new order at a critical point of instability 

farfrom-eq11ilibni1m (Nicolis & Prigogine, 1977, Prigogine, 1977). Due to the lack of 

prescription or planning, such autocatalysis of organisation has been referred to as 

"order for free" (Kauffman, 1995a, pg. 71 ). The theory of dissipative stmct11res has 

since become \videly recognised a scientific pillar in the phenomenon of 

spontaneous se!f-01J},a11isation; where non-equilibrium conditions became a source of 

new order. Indeed, Corning (1995) goes as far as to say that Prigogine's discovery 

liberated physics and biology from the second law of thermodynamics67 (the law 

of entropy), demonstrating that certain classes of systems defy the intrinsic 

predisposition of the physical world to tend toward a state of thermodynamic 

equilibrium (maximum disorder), by exhibiting a certain 'negative entropyx;8
• 

"Whenever new coherent states occur far from equilibrium, the very 
concept of probability, as implied in the counting of number of 
~om~lexions, breaks down. In the case of Benard convection, we may 
lmagtne_ that there are always small convection currents appearing as 
fluctuatlons from the average state; but below a certain critical value of the 
temperature gradient, these fluctuations are damped and disappear. 
~owe:er, above some critical value certain fluctuations are amplified and 
giv~ nse to a macroscopic current. A new supermolecular order appears 
which co~responds ba~ically to a giant fluctuation stabilized by exchanges of 
energy with the outside world. This is the order characterized by the 
occurrence of 'dissipative structures'" (Prigogine, 1977, pg. 267). 

[Figure overleaf] 
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Figure V: Interconnection of the three (3) aspects of dissipative structures 

Function Structure 
---~~~~~~~~ 
~~~~~~~-.,. (form) 

Fluctuation 

Adopted from Prigogine (t9n, pg. 272) 

In real systems, dissipative stmcturer se!forg,anise to achieve an internal stability by 

exchanging energy, information and/ or matter "vi th other systems. Such a 

nonlinear and often unpredictable transition is in response to the system being 

pushed farfrom-equilibnum by unstable periodic orbits embedded into the chaotic 

strange attractor of the system. \Vhile fluctuations within system control parameters 

remained below a critical value, they were dampened down by the pull of more 

stable attractions (i.e. via negative feedback processes) (Kauffman, 1993). 

However, above a critical threshold, unstable attractions pulled the system toward 

an exponentially increasing instability (i.e. via positive feedback processes), until 

once again, at a critical point farfrom-eqHilibnitm the system was forced to 

spontaneously crystallise and find a new order (Kauffman, 1991, Kauffman, 1993, 

Kauffman, 199Sa, Capra, 1996, Prigogine, 1996). In effect, the farfrom-eq11ilibrh11n 

challenge unleashed the system's nonlinear creative potential, forcing it to 

reorganise itself (emerg,e) into a higher-order complex system (Goldstein, 1994). 

"A dissipative system is essentially a contradiction or paradox: symmetry 
and uniformity of pattern are being lost but a structure still exists; the 
dissipative activity occurs as part of the process of creating a new structure. 
A dissipative structure is not just a result, but a system or process that uses 
disorder to change" Stacey (1996, pg. 63). 

Consequently, a complex system's evolutionary progression (development) may 

be demarcated by a series of such biji11-cation (or branching) points; points in time 

where events of se!forg,anisation lead to the actualisation of a new degree of system 

complexity and a potentially more stable form of order (Corning, 1995) (see 

Figure VI below). In effect, bifurcation signifies points in a system's evolution 
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where it must make a choice (or is forced to make a choice) between available 

possibilities at points farfrom-eq11ilib1imn: 

"Bifurcation is the emergence of a new attractor(s) in a dynamical, complex 
system that occurs when some [control] parameter reaches a critical level (a 
far-from-equilibrium condition) ... More generally, a bifurcation is when a 
system shows an abrupt change in typical behavior or functioning that lasts 
over time" (Goldstein, 2001). 

The phenomenon of bifi1rcation introduces a historically cumulative evolution into 

the complex system (Prigogine, 1977); a progression also manifest within Philip 

Anderson's popular concept of 'broken symmetries.' 'Broken symmetries' intends 

to describe the ever-branching of system paths; where the symmetry of 

possibilities is broken, and future direction restricted to a new set of possibilities69
• 

\X'hile future direction is generally restricted to a bounded region of phase-space, 

there exists a near infinite number of possible paths through that space (i.e. a 

near infinite number of futures). However, for each system only one discrete path 

will eventuate70 (Prigogine, 1996). In evolutionary terms, systems whose behavior 

is epitomised by the notion of 'broken symmetries' (i.e. bifurcation) may be 

referred to as exhibiting the phenomenon of complexification and dissolvence11 (Testa 

& Kier, 2000). In other words, as a system self-organises or chooses72 between 

available possibilities of state in consonance with the reigning attractors within the 

landscape at that time, it complexi.ftes, subsequently reducing (or dissoltin.JY certain 

previously possible future states. Dissolvence highlights the partial loss of choice, 

options and independence visible when a complex system's structure, function or 

behaviour evolves. At this point the complex system achieves a greater 'order for 

purpose' and generally too, a greater level of system complexity (Waldrop, 1992, 
. Gell-Mann, 1994, Corning, 1995). 

[ Figure overleaf] 

72 



Framework design 

Figure VI: Bifurcation (the evolutionary progression of complex systems) 

Phase-state 
s~lutions 

The system is currently at state D. To 
arrive at this state, the system went 
through bifuni.ilinn points A, B and C 
(i.e. the system's historical states). 
Points A, B and C coincide ~ith 
tluctuations in the value of 9• (control 
paramcter/s) which subsequently led 
to evcnL~ of .wnplex!fication. 

--~~~~~~~~~~---~~--~~~~~~~~~~~-ca.-t 

t1' t2' tj 

Adopted from (Prigoginc, 1977) 

4.1.2.5 Complexification and dissolvence 

Complexijication and disso!vence consequently brings to light the notion of an 

irreversible system trajectory, the legendary 'arrow of time73
' (Prigogine & 

Stengers, 1985, Gell-Mann, 1994, Capra, 1996, Prigogine, 1996). Ultimately, a 

dependence between time and the peculiarities (and possibilities) presented at 

each point along a real system's evolutionary path, suggests that time may be a 

subjective system measure. If this is so, time may be best described as marking 

the moments within a particular system's evolution where it se!f-oTganises toward a 

greater complexity and not as a parameter in a linear mathematical function for 

determining future behaviour. Such a theory would also posit that progress74 and 

time are, in many ways, independent. For example, given the same amount of 

time, two identical systems with similar purpose from the onset, may achieve 

different levels of outcomes. This idea certainly resonates with most people's 

experience of the world, as often it is not the amount of time spent, but the 

amount of effort and experience which drives results. Thus, within complex 

systems, the achievement of efficient evolutionary progression may be more 

attributable to the nurturing of its intrinsic nonlinear disposition in ways which 

unlock its potential to undergo events of comp!exiftcation7
', than to the maintenance 

of existing order. Such a notion of self-actualisation is comparable to American 
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psychologist Abraham Maslow (1970)'s 'peak experiences,' whereby human beings 

experiencing regular events of creativity and novelty, find increasing knowledge, 

meaning and purpose. 

4.1.2.6 A probabilistic world? 

Essentially, almost all 'real world' systems are complex systems. Thus, even if all 

their components are subject to deterministic laws, incalculable numbers of 

interferences between their control parameters and nonlinear positive feedback 

relationships between them lead to unsolvable equations of future trajectory 

(Prigogine, 1996). When jarfrom-eq11ilibri11m, even the smallest of fluctuations may 

be enough to deliver the system into deep chaos, where previously neighbouring 

trajectories diverge, forcing the system into unpredictable regions of phase-space. 

As such, real complex system's evolutionary progression is neither deterministic 

nor predictable, but rather probabilistic (Prigogine, 1996). Such a relativistic and 

coevol11tio11ary world delivers a .rystemic and fundamentally nondeterministic narrative 

of system evolution, a narrative in which hard measurements are plagued with 

inaccuracy and reality highly-dependent upon time as experienced and utilised by 

the individual and system (Prigogine, 1996, Kurzweil, 1999). Ultimately, the 

future prediction of system state may be a nothing more than 'book of bets;' an 

world where Newtonian determinism is appositely replaced by a paradoxical 

world buttressed by the probabilistic laws of a Postmodern-like complexity science 

(Prigogine, 1996, Young, 1998, Stewart, 2002). In such a complex and coevolving 

world, it seemingly makes less and less sense to attempt to structure system 

strategy and plan operations from the top-down, than it does to build-in capacity 

within the system to allow it to employ and harness the creative potential of the 

naturally chaotic environment 'on the ground'. 

4.1.3 Complex Adaptive Systems and a participative reality 

In attempting to develop the tools to understand such complex human and 

biological phenomena, mu.ch work has been (and continues to be) performed on a 

particular type of 'learning' complex system called a Complex Adaptive System 

(CAS) (Waldrop, 1992, Gell-Mann, 1994, Holland, 1995, Kauffman, 199Sa, 

Dooley, 1996, Stacey, 1996, Dooley, 1997, Anderson, 1999, Axelrod & Cohen, 
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2000, Ferdig, 2000, Choi, Dooley et al, 2001, Stacey, 2001). A CAS consists of a 

number of (possibly nested) agents interacting with other agents in a coevolutionary 

behavioural loop of discovery, choice and action (Capra, 1996, Stacey, 1996). 

Each agent behaves according to individual and group schemas (or internal 

models), that is, singular and collective rules of behaviour that require them to 

inspect and generally respect each other's behaviour and adjust their own in light 

of others' as they strive toward their purpose (Holland, 1995). The aggregate 

environment formed as each agent and CAS strives to achieve its strategies and 

purposes is referred to as the fitness landscape, a transformative and undulating array 

of possibilities and challenges (Highsmith III, 1999). CAS behaviour is influenced 

by a number of fundamental system control parameters, including 1) energy, matter 

or information flow and density, 2) the number and strength of agent connections 

within the system and 3) the degree of agent diversity (value schema differences) 

within the landscape"xv (Stacey, 1996, Stacey, 2001). In connecting and interacting 

with their environment, CAS respond to feedback; learning from such experiences 

and embedding that learning into their very structure76 (form), function and 

behaviour (Senge, 1990a, Freedman, 1992). In more direct terms, CAS are diverse 

learning systems which coevo/ve via an interaction (exchange of matter, information 

and/or energy) with other CAS, each seeking its own ends within a coevo!t1tionary 

and symbiotic dance of 'competition via cooperation' (\Valdrop, 1992, Gell-Mann, 

1994, Corning, 1995, Kauffman, 1995a, Highsmith III, 1999). Such cooperation 

may even allow partaking CAS to evolve faster than those which do not (i.e. 

hasten events of complexiftcation); giving rise to .ryne'?}stic phenomena which promote 

the catalysis of evolutionary creativity and novelty (Corning, 1995). 

"They [complex adaptive systems] have many autonomous parts, they are 
able to respond to external changes and form self-maintaining systems with 
internal feedback paths. The essence of CAS is that they self-organize, to 
optimize function. An over-constrained system will benefit from more 
freedom, so a choice (random or otherwise) that allows that will prove more 
successful and be retained, conversely an over-free system will benefit from 
changes that add stability. Such systems are well placed to explore new 
niches, to search their fitness landscape, changing their composition to fit 
the changing patterns they encounter. This adaptation internalises 

••v While different CAS shall undoubtedly possess different types of (Onlro/ parameters, common and 
critical to all systems (i.e. living, human etc.) are these three. 
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environmental information, the system generates a model of the world 
outside, a distributed set of rules corresponding to the interesting or 
valuable aspects of their context" (Lucas, 1999). 

Survival within a CAS is therefore relative to each nested agent's ability to learn or 

evolve in adaptive ways. In other words, the capacity of an agent to discover and 

interpret purposive information from their environment (landscape) in order to 

extract regularities or irregularities, assess the situation and build such information 

into progressively regenerated schemas delineates their adaptive capacity; their 

edge in the competitive world (see Figure VII below). From here, we may 

extrapolate that the overall competitive ability of a CAS (i.e. collective grouping 

of agents) is essentially dependent upon their individual and collective 

informational extraction, communication, cooperation and learning abilities; but 

only if such interaction is conducive to the overall positive emergence of the whole. 

In highly adaptive systems, such interaction, informational extraction and learning 

is efficient, responsive, sensitive and flexible, often affecting efficient 

transformation within structure (form), function and behaviour. Such a 

refactoring 9r regeneration of schema is achieved via the processes of 'single-loop' 

and •double-loop learning' (Argyris & Schon, 1978, Senge, 1990a, Ferdig, 2000). 

\\Jithin human systems, such learning (i.e. changes to mental models, values, 

beliefs, assumptions and approaches) denotes the creation of new knowledge 

(Allee, 1997), a process frequently augmented by ICTs which improve 

information collection, assessment and subsequent decision making. 

''Because complex adaptive systems are self-organizing learning systems that 
function in environments containing other complex adaptive learning 
systems, 'it follows that together they form a co-evolving suprasystem that 
creates and learns its way into the future'. Agents within a complex adaptive 
system operate within a collective schema as well as unique individual 
schemata for interpreting their context and 1) adapting behavior according 
to its consequences (simple or single-loop learning), or 2) changing 
sch~i:na~a that occur in the form of creative shifts during conditions far from 
equilibrium (complex or double-loop learning)" (Ferdig, 2000, pg. 10)""vi. 

nvi Quotation inserted verbatim with in-line references removed. 
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Figure VII : Complex Adaptive Systems' (CAS) behaviour 
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To date, most work on CAS has been within the realm of biological systems, and 

not necessarily able to be directly mapped to phenomena pertaining to a (social) 

organisational system existence. Unto this mission, management and complexity 

professor, Ralph Stacey is among a select few authors77 whom have attempted to 

develop such an extension. Stacey's work on 'complex responsive processes' 

demands a rethink of management methodolo~ii (and organisational ontology) 

in light of the unpredictability of creativity within the self-organising processes which 

underpin the coevo/11tion of a jointly constructed organisational reality (Stacey, 

2001). Additionally, Axelrod and Cohen (2000), Anderson (1999) and Dooley 

(1997) have also examined organisational change and development via the lens of 

CAS, delivering frameworks of variation, interaction and selection; emphasising a 

reality driven from the bottom-up. However, the accounts of adaptive complexity 

within the organisational (social) paradigm often neglect to explicitly state the 

Constructivist-like epistemological imperative of such a participative and emergent 

reality. Additionally, while alluding to the numerous characteristics of complexity 

science and CAS, rarely are they stated explicitly, exhaustively, or in a manner which 

allows for rapid inferences to be drawn. Thus, while there seems to be a strong 

claim for viewing organisations as CAS (as examined in Stacey (1996), Dooley 

(1997), Anderson (1999), Axelrod & Cohen (2000) and Stacey (2001)), the specific 

uVJi Refer to Appendix B : Social research foundations for an explanation of the relationship 
between epistemology, ontology, methodology and method. 
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relationship between complex learning, human knowledge creation (innovation) 

and an organisation's capacity for 'evolutionary innovation' remains relatively 

unexamined. Therefore, the follO\ving sections of this thesis intend to uncover 

not only the Essential Characteristics of Complex Adaptive Systems (CAS) 

applicable to human organisational systems (e.g. business systems), but also 

introduce an innately human level of complexity. 

4.1.4 What is complexity? 

The views presented in the previous sections represent some of the more 

pertinent teachings regarding complexity science. However, one very important 

aspect has been missed, that is, the notion of complexity itself. The present 

convolutions in the description of complexity warrants its own investigation, as 

currently, the field offers little in the way of a delineation between the complexity 

of human systems (e.g. organisational systems) and other living systems. For this 

to occur, we may need to describe complexity relative to complex systems and 

elicit the fundamental system characteristics which divide the merely complicated 

from the truly complex. In other words, in understanding complexity, we should 

distinguish those systems' whose trajectories are merely difficult to predict from 

those which are capable of consciously influencing a regeneration of their own 

possibilities and future. Consequently, what is known from the application of the 

complexity sciences (e.g. chaos, complex systems) to organisational system reality is 

that it is pluralistic and temporal; inseparable from both ontological and 

epistemological considerations (Prigogine & Stengers, 1985). 

The fast developing and interdisciplinary field of complexity science currently 

embraces a wide variety of approaches, yielding thus far, no single unified and 

coherent theory enabling a 'right' way to define and measure it (Smarr, 1985, 

Cohen, 1999, Axelrod & Cohen, 2000). Indeed, over 30 distinct measures of 

complexity are proposed within the literature (Ilachinski, 1996). This is largely 

due to complexity being a contextually interpreted and qualitative measure, with 

perspectives influenced by a diverse range of disciplines including physics, 

biology, computer science, social science and mathematics (Gell-Mann, 1995, 

Axelrod & Cohen, 2000). Nevertheless, without a vivid comprehension of 
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complexity, management science has too jumped on the bandwagon, with much 

of the recent literature peppered with 'new age' methods and approaches. 

However, in drawing parallels between the complexity sciences and organisational 

theory, most are seemingly caught up in convoluted semantics (Van Uden, 

Richardson et al, 2001). Therefore, before exploring self-reflective complexity, it is 

probably useful to present the view of complexity as used within this thesis .. 

Within this thesis, the complexity of a system shall be expressed as: 

" ... a measure of a system's collective and continuous capacity to catalyse 
new order pursuant with its global purpose78." 

For example within human systems, such a purpose may relate to a wilful 

application of processes of innovation toward developing resilience to both 

entropic susceptibility79 and farfrom-eq11ilibn"11m conditions in order to survive and 

thrive. In this sense, complexity is a continuum or analogue and is synonymous 

with a complex system's ability to engage and mobilise its constituent parts to 

continuously discover new 'order for purpose;' the proficiency to create structures 

of better fitness pursuant with the survival or ascendancy of the whole. This 

definition also accommodates for the exhibition of different types of complex and 

potentially complex behaviour. In other words, it accounts for the spatiotemporal 

variability in the amount of order required to be found by the system, as each 

system (at each stage of evolution, if possible) has different potentialities for 

developing higher-order complexity (Gell-Mann, 1994)""'.;u. 

4.1.4.1 Complexity: A dimension of complex systems 

In attempting to unravel 'complexity,' Lucas (2002)'s model of five interrelated 

dimensions of complex systems may be employed, as it delivers an objective 

account which makes specific reference to complexity as just one of many axes 

(see Figi.1re VIII below). He argues that traditional scientific approaches often 

reduce the complexity of the real systems by only accounting for two or three of 

the axes at a time, and suggests that to truly understand a complex system, all 

aspects of the system should be considered at once. However, just focusing on a 

••vili Gell-Mann (1994, pg. 70) refers to this as "potential complexity." 
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subset of dimensions is an extremely complicated and intensive task in itself, such 

that to ever expect to be able to understand the interdependence of all dimensions 

is Herculean, if not impossible within advanced CAS. For example, attempts to 

utilise information processing technology to predict failure in complicated 

deterministic systems like the telecommunications network, have demonstrated 

the immense magnitude of data acquisition and information processing required 

to even predict dynamic machines, let alone CAS like living systems or complex 

human !]Siems. 

Figure VIII : Lucas's five dimensions of Complex Adaptive Sys terns (CAS) 
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Adopted from Lucas (2002) 

Lucas's (2002) describes the five (5) dimensions of complex systems asxx"': 

Complexity 

While Lucas (2002) describes this dimension as the number of objectives and/ or 

decision variables (control parameters) within the system, based on the definition of 

complexity provided above, it is probably better to express this axis in more 

abstract terms. Thus, it is suggested that the relationship between a complex 

system and complexity is simply that complex systems are demarcated by varying 

degrees of complexity (Bar-Yam, 1997, Lucas, 2003). Different complex systems 

possess different potentialities for developing higher-order complexity. While 

seeming obvious, this description is more in tune with complexity being a 

nix Items have been expanded with additional literature in specific relation to Complex Adaptive 
Systems (CAS). 
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measure of continuous capacity to find new order and is applicable from the 

complicatedness of dynamical closed systems, to dissipative, cognitive and se!f 

organising (open) biological and human CAS. 

Space 

Linked inextricably to time, space explicitly refers to the regions of phase-space that 

each control parameter can take at a certain point in a system's evolution (e.g. 

density, volume, temperature or social connections). Space effectively represents 

the gamut of opportunities (or possibilities) available to a system at a snapshot in 

time. 

Time 

Linked to the possibilities presented at each region of phase-space, time refers 

explicitly to the temporal dynamics of the system, or, how the system control 

parameters have interacted to change the overall system's trajectory (e.g. 

consumption, cooling or value schema renewal). \Then related to the 

irreversibility which signifies evolutionary process as manifest within CAS, time 

may be better referred to as the 'arrow of time;' the irreversible and continuous 

realisation of events of complexification and consequent diuolvence. Such a view 

breaks the assumptions of a time-symmetrical world made plausible by classical 

mechanics and suggests instead, that experienced reality and time are irreducibly 

linked (Prigogine & Stengers, 1985, Prigogine, 1996). 

Fractal Structure 

Fractals are the multi-level nature of emergence in both time and space. Fractals are 

patterns that are repeatedly found at descending levels of sub-systems within the 

system (Ferdig, 2000). Fractals are self-similar in that they are always recognisable 

(depending on the way you look at it), but never exactly the same (Stacey, 1996). 

The strange attractors of nonlinear dynamical systems (i.e. chaotic systems) typically 

are fractal in structure. Fractals provide scope for investigating emergmce at different 

levels within the system, as if it is known that a pattern exists at one level of 

abstraction within the system, that same pattern should also exist in a similar 

formation within all others. 
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Evolutionary Innovation 

The no\relty of evolutionary creativity made possible via dynamic and 

spontaneous unfolding of behaviour that is more complex over time. Evolution 

refers to the continuous 'bringing forth' of higher, more ordered forms out of 

lower forms and is summed up by Corning (1995)'s operative of complexrjicalion 

(emer;g,ence). However, not all systems are capable of exhibiting 'evolutionary 

innovation.' Indeed, only non-equilibrium systems which are capable of learning 

are able to adapt and evolve. Llving (cognitive) systems are typical examples of 

systems exhibiting 'evolutionary innovation' and learning, with their capacity to 

extract purposive information from their environment i.e. 'structurally couple' 

and re-realise themselves, being the foundation of their survival80
• 

4.1.5 Essential Characteristics of Complex Adaptive Systems 
- original contribution 1 

While, Figure VIII : Lucas's five dimensions of Complex Adaptive Systems 

(above) helps contextualise 'complexity' as just one of the many dimensions of a 

CAS, it does not provide a clear set of properties or mechanisms underpinning 

CAS's behaviour and development. In summary, there are several, often 

overlapping, characteristics exhibited by CAS (complex adaptive learning systems) 

which separate them from linear or mechanical systems. The following list draws 

upon the bulk of author's referenced '\Vithin this chapter thus far, to present a 

series of qualities which are of importance when attempting to understand CAS 

structure, function and behaviour and hence too, their development. This list 

intends to elicit characteristics common to all CAS (e.g. living systems, human 

systems) and thus, does not specifically relate to any one type of systems. 

NB: Within these characteristics, the term 'agent' refers to an individual adaptive 

entity or node, while 'system' of 'CAS,' a grouping of one or more 'agents': 

Agent connection and Interaction 

The basic building blocks of CAS are (often autonomous) agents. Within CAS, 

agents should be able to connect to other agents in a manner which enables them 

to exchange (dissipate) energy, matter and/or information with each other. These 

agent interactions and connections are dynamic and shift over time in both 
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intensity and number, generally dependent upon variations within individual and 

group value schemas (or internal models) and changes in their environment 

(landscape). 

References: Holland (1995), Kauffman (1995a), Dooley (1996), Dooley (1997), 

Stacey (1996), Anderson (1999), Highsmith III (1999), Axelrod & Cohen (2000), 

Ferdig (2000) and Stacey (2001). 

Individual and collective value schemas 

Each agent within a CAS behaves according to individual and group schemas or 

internal models (e.g. beliefs, laws and values), that is, singular and collective rules 

of behaviour that require them to inspect, and generally respect each other's 

behaviour and adjust their own in light of others'. CAS (and agents within CAS) 

partake within a continuous loop discovery, choice and action in which they 

extract information from their environment (landscape), interpret and assess it 

and eventually condense it into their progressively regenerated schemas i.e. CAS 

(and agents within CAS) evolve via 'single-loop' and 'double-loop learning.' 

References: Gell-Mann (1994), Holland (1995), Laszlo (1996), Dooley (1996), 

Stacey (1996), Dooley (1997), Anderson (1999), Highsmith III (1999), Axelrod & 

Cohen (2000), Ferdig (2000) and Stacey (2001). 

Open system boundaries 

CAS ~re usually open enough to exchange energy, matter and/ or information 

with other systems (their environment), and closed enough to maintain the 

integrity of the system. By dissipating energy, matter and/or information over 

permeable boundaries, CAS are constantly in a non-equilibrium state. They 

subsequently leverage off this state to maintain and/or reach states of 

progressively higher internal order i.e. achieve a better 'order for purpose.' 

References: Prigogine & Stengers (1985), Goldstein (1994), Capra (1996), 

Anderson (1999), Ferdig (2000) and Lucas (2004). 

Complex control parameters 
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Emerg,ence (or events of complexification) within a CAS are positively influenced by 

fluctuations within a number of fundamental system conlrol parameters including, 1) 

energy, matter and/or information flow and density, 2) the number and strength 

of agent connections within and external to the CAS, and 3) the degree of agent 

diversity (value schema differences) within the CAS and landscape. While 

different CAS shall undoubtedly possess different types of control parameters, 

common and critical to all CAS Q.e. living, human) are these three. 

References: Stacey (1996) and Stacey (2001). 

Nonlinear. dynamical and emergent behaviour 

Within mechanical or linear systems, an effect is always directly proportional to its 

cause. However, within CAS a small perturbation may cause a large effect (i.e. 

'butterfly effect'), a proportional effect, or possibly no effect at all. The converse 

may also be true. Such dynamic emergence of nonlinear, interactive, feedback 

relationships among the system's control variables gives rise to an unpredictability 

of future behaviour (especially longer-term). In other words, CAS are sensitively 

dependent on their initial conditions, such that two (2) CAS with -very similar 

initial states, may trace out radically divergent trajectories over the same time. 

Nonlinearity is fundamental to CAS's creative potential, as if pushed to a point of 

critical instability farjrom-eq11ilibri11m (i.e. by positive feedback), they are forced to 

se!forganise, the result of which is the spontaneous formation of new structures 

(forms), functions and/or behaviours. This is the phenomenon of emergence. 

References: Prigogine & Stengers (1985), Goldstein (1994), Holland (1995), 

Capra (1996), Dooley (1996), Stacey (1996), Dooley (1997), Holland (1998), 

Anderson (1999), Highsmith III (1999), Ferdig (2000) and Stacey (2001). 

Relationships contain feedback loops 

Both negative and positive feedback influence the behaviour of CAS. \'V'hile 

fluctuations of complex control parameters remain below a critical value, they are often 

dampened down by the pull of stable at/raclors (negative feedback). However, 

above a critical threshold, unstable attractors pull the system toward an exponentially 

increasing instability (i.e. via positive feedback). 
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References: Waldrop (1992), Goldstein (1994), Capra (1996), Stacey (1996), 

Dooley (1997), Holland (1998), Anderson (1999), Ferdig (2000) and Stacey (2001). 

CAS exist within a transformative ecology 

CAS exist and interact within an ever changing landscape comprised of other CAS 

(and semi/ autonomous agents). This transformative landscape (environment) is 

continuously regenerated based on the adaptations and nonlinear products of the 

interactions of its constituent parts, new entrants or the failure of existing agents 

and/ or systems. Consequently, the changing landscape both constrains and 

attracts the behaviour of agents and systems, which themselves comprise the 

landscape. 

References: Kauffman (1993), Gell-Mann (1994), Holland (1995), Kauffman 

(1995a), Capra (1996), Anderson (1999), Highsmith III (1999) and Stacey (2001). 

System boundaries are difficult to frame 

Due to a forever changing landscape (environment), a mesh of nonlinear of 

relationships and fluctuating connections, it can be difficult to frame the 

boundaries of a CAS for a period of time long enough for an examination to 

occur. 

References: Checkland (1999), Goldstein (1994) and Dooley (1996). 

Diversity and niches drive evolution 

Most real systems (e.g. living or human systems) exist '\vithin a transformative 

ecology containing immense variety and mixtures of CAS with different, yet 

generally harmonising, structures (forms), function and behaviour. This indicates 

that the existence of an agent or system depends upon the context provided to it 

by other agents and systems. Subsequently, such diversity creates niches wherever 

an agent or system is removed from the environment, or where emergence creates 

new possibilities. Agents or systems typically respond to niches via a cascading of 

rapid adaptations which fill the 'hole.' 
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References: Corning (1995), Holland (1995), Kauffman (1995a), Dooley (1996), 

Dooley (1997), Anderson (1999), Highsmith 111 (1999) and Axelrod & Cohen 

(2000). 

Signal and information al!alitv underpin Interaction 

CAS continuously scan their environment Qandscape) for information, making 

behavioural decisions based on it and their current value schemas. As such 

capacities govern selective interaction, semiotic signals (i.e. aggregate 'tags') and a 

quality of information presentation and flow is conducive to correct decisions 

(choices and actions) being made i.e. provides a sound basis for agent and/or 

system cooperation and filtering. 

References: Holland (1995), Dooley (1997) and Axelrod & Cohen (2000). 

Coevolution and synergistic phenomena 

\Vithin a transformative landscape, CAS continuously exchange energy, matter 

and information with other CAS in order to maintain and enhance internal order, 

thus they coevolve via an interaction with other systems. Those systems able to take 

advantage of !Jnergistic phenomena (partake within a coevol11tionary and symbiotic 

dance of 'competition and cooperation') may evolve faster than those which do 

not. Such phenomena intend to denote the acceleration of learning (i.e. 

hastening of events of complexijication) and subsequent prodigious evolutionary 

creativity exhibited by systems partaking in lasting cooperative exchanges. 

References: \Valdrop (1992), Gell-Mann (1994), Corning (1995), Kauffman 

(1995a), Capra (1996), Stacey (1996), Anderson (1999), Highsmith III (1999) and 

Axelrod & Cohen (2000). 

CAS possess a cumulative history 

CAS's evolutionary progression is demarcated by a series of bifurcation points; 

moments where possibilities of system state were constrained after events of se!f-

organisation. Accordingly, prior system states have influenced present possibilities 

of state, and the present state influences future possibilities of state. Such 

phenomenon of complexijication and dissolvence highlights the notion of an 

irreversible and subjective system trajectory i.e. an 'arrow of time,' whereby a 

86 



Framework design 

CAS's current structure (form), function and behaviour (phase-space state) is a result 

of a cumulation of its historical changes. 

References: Prigogine & Stengers (1985), Kauffman (1993), Gell-Mann (1994), 

Capra (1996), Dooley (1996), Prigogine (1996), Dooley (1997) and Testa & Kier 

(2000). 

CAS may be composite or nested 

CASs not only coevolve with other systems, but are often composed of large 

numbers of interacting internal components and agents which may themselves be 

CAS. For example, the complex digital economy is made up of numerous industries, 

which consist of numerous organisations which are comprised of business units, 

workgroups, people etc. Due to the nested nature of CAS, emergence may be 

exhibited at various levels (e.g. local, global and in between), as agents generally 

act on information extracted from their local environment. 

References: Waldrop (1992), Holland (1995), Capra (1996), Dooley (1996), 

Anderson (1999), Highsmith III (1999) and Stacey (2001). 

Spontaneous self-organisation 

When nonlinear feedback in CAS see them pushed toward states farfrom-

eq11ilibri11m, they may be forced to self-organise in order to survive and maintain 

integration. Self-organisation represents the intrinsic ability of a CAS to 

spontaneously reorder (or pattern) its structure (form), function and/or behaviour 

in a coherent manner without a pre-imposed or hierarchically sanctioned internal 

or external mandate. Such events signal a bift1rcalion of system trajectory and 

emergence in overall CAS structure(form), function and/ or behaviour; a temporal 

evolutionary trend toward a greater 'order for purpose' and generally too, toward 

a greater complexity. 

References: Prigogine & Stengers (1985), \Valdrop (1992), Kauffman (1993), 

Gell-Mann (1994), Goldstein (1994), Corning (1995), Kauffman (199Sa), Capra 

(1996), Dooley (1996), Anderson (1999), Kurzweil (1999), Ferdig (2000) and 

Stacey (2001). 
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CAS cannot be described by the sum of their parts 

Due to nonlinear feedback relationships, a high-degree of coupling between the 

variables within the system, coevol11tio11 and open system boundaries, it is not 

possible to reduce a CAS (structurally or behaviourally) into recursively smaller 

parts for examination. As a CAS's current state represents a historical cumulation 

of past aggregated events of s~ontaneous se!f-organisation (emergence) and its 

interaction with its environment, it cannot be examined outside of its current 

wholly engaged e..">..istence i.e. 'in-use' context. As such, CAS resist reductionism-

orientated analyses. 

References: Gleick (1987), Lewin (1992), Goldstein (1994), Holland (1995), 

Kauffman (199Sa), Capra (1996), Laszlo (1996), Holland (1998), Anderson (1999), 

Highsmith III (1999), Axelrod & Cohen (2000) and Ferdig (2000). 

Subsystems exhibit self-similar structure. function and behaviour 

CAS's structure, function and behaviour are influenced by chaotic attractors, 

strange attractors which, while affecting seemingly random behaviour, actually 

exhibit a more complexly ordered pattern. The structures of such strange 

attractors have become known as fractals; observable patterns which are repeated 

at ever-smaller scales (dimensions or levels), producing se!fsimilar shapes and 

surfaces which cannot be represented by classical geometry. Fractals provide the 

reason for why the orbits of strange attractors never cross, yet seem to display a 

certain 'method to the madness.' A commonly referred example of the idea of 

fractals is a coastline. While we know a country enclosed by the coastline must 

have a finite area, the coastline itself measures infinity because of the increasingly 

smaller scale at which it can be measured i.e. tkm, lm, tmm etc. Therefore 

when examining a CAS, we should take note of the assumptions we make about 

its unit of measurement, as this effects its perceived scale. In the case of the 

coastline, at all levels of scales we find se!f-similari(Y, in that while the objects being 

measured may be seemingly identical in form, they are different in specific detail. 

In general, by examining the structure (form), function or behaviour of a single 

complex subsystem, fractals allow for inferences to be made regarding that 

subsystem's micro and macro state which may indeed be se!f-similar. 
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References: Gleick (1987), Kauffman (1993), Goldstein (1994), Capra (1996), 

Stacey (1996), Ferdig (2000), Stacey (2001) and Lucas (2002). 

Balances between chaos and order 

The most successful systems in the evolutionary game address the need for 

context sensitive balances between chaos and order; openness and control. A 

degree of inbuilt openness is required to support the nonlinear potential of the 

CAS and allow it to evolve and se!f-organise, while a degree of inbuilt structure and 

control (via negative feedback) ensures that any emergence is in relative alignment 

with the purpose and direction of the CAS as a whole. Such balances are 

expected to be continuously redefined based on the regenerative reality of the 

CAS immersed within the demands of its greater landscape (environment). 

References:, Kauffman (1993), Gell-Mann (1994), Dooley (1996) and Stacey 

(1996). 

Evolutionary innovation 

The novelty of evolutionary creativity made possible via dynamic and 

spontaneous unfolding of behaviour that is more complex over time. Specifically, 

'evolutionary innovation' refers to the continuous 'bringing forth' of higher, more 

ordered forms of structure out of lower forms via learning. Cognitive systems are 

typical examples of systems exhibiting 'evolutionary innovation,' with their 

capacity to extract purposive information from their environment i.e. 'structurally 

couple' and re-realise themselves, being the foundation of their survival. 

'Evolutionary innovation' represents the unique characteristic of CAS to defy the 

intrinsic predisposition of the physical world to tend toward a state of 

thermodynamic equilibrium (maximum disorder). By connecting and interacting 

with its environment, a CAS learns and is subsequently able to reduce its internal 

disorder. It is through such learning, that CAS may realise more purposive 

internal structure (form), function and/or behaviour, enabling it to evolve to 

better fit the demands of its changing landscape. 

References: Waldrop (1992), Kauffman (1993), Corning (1995), Kauffman 

(1995a), Capra (1996), Ferdig (2000), Capra (2002) and Lucas (2002). 
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4.2 Developing self-reflective Complex Adaptive 
Systems 

4.2.1 Introduction 

\Vhile the characteristics presented above remain common throughout most 

descriptions of truly complex and adaptive systems, rarely do accounts examine 

differences in complexity i.e. different system potentialities for developing higher 

states of order. To this end, Lucas (2003) attempts to classify the various degrees 

of complexity and suggests four (4) separate levels, with the most complex 

labelled as 'self-organizing complexity.' However, Lucas's notion of a 'self-

organizing complexity' encapsulates all non-living and living systems (including 

human systems) and hence, does not attempt to differentiate between them. 

Thus, while his framework provides the beginnings of a classification of 

complexity, it does not assist in understanding the differences in behavioural or 

developmental phenomena relating to higher-order systems i.e. cognitive or 

co,,,plex human SJ'Stef!ls (Ferdig, 2000). Therefore the remainder of this section 

discusses various views on complexity and ultimately proposes a Classification of 

Complexity in which human systems are said to exhibit a highest-order se!frefleclive 

capacity; a complexity which enables us to formulate belief systems, employ 

language and technology and self-actualise in ways conducive to an achievement 

of purpose and strategy. 

4.2.2 Dissipative structures and living systems 

While it was never Prigogine's intention at the time to extend his dissipative 

stmctures theory into the realm of the living, it is now known that all living systems 

are non-equilibrium systems (Kauffman, 199Sa). Extending Prigogine's 

groundbreaking work into the realm of the living, Fritjof Capra's (1996) seminal 

book titled, The Web of Lift: A New Synthesis of Mind and Matter', synthesises 

Prigogine (1977)'s non-equilibrium dissipative structures and Maturana and Varela 

(1980)'s autopoiesis and cognition theory, to describe the three (3) interdependent 

'key criteria of living systems': 
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Figure IX : Capra's 'key criteria of living systems' 

Pattern of Organisation 
1bc con figuration of relationships that lkrcrmincs the system's 

essential charnctcristics 

Structure 
lbe physical embodiment of the syr.tem's pattern of organisation 

Life Process 
'!be acti~ity involved in the continual embodiment of the system's 

pattern of organisation 

Adopted from Capra (1996, pg. 161) 

Capra (1996) suggests that while not all dissipative stroctures are living systems, all 

living systems are dissipative, and that both coexist within the paradoxical realm of 

change and stability: 

''When Maturana and Varela describe the pattern of life as an autopoietic 
network, their main emphasis is on the organizational closure of that 
pattern. When Ilya Prigogine describes the structure of a living system as a 
dissipative structure, by contrast, his main emphasis is on the openness of 
that structure to the flow of energy and matter. Thus a living system is both 
open and closed - it is structurally open, but organizationally closed. Matter 
[energy and information] continually flows through it, but the system 
maintains a stable form, and it does so autonomously through self-
organization" (Capra, 1996, pg. 168-9). 

Capra describes Maturana & Varela's a11topoiesis (network) as the 'pattern of 

organisation' of living systems and Prigogine's dissipative slmct11res as the 'structure.' 

'Cognition' then, becomes the activity involved in the continuous embodiment of 

the system's 'pattern of organization' i.e. the continuous process of learning 

which realises a complementarity of form (structure), function and behavior. 

However, in many living systems se!forganisation is .essentially involuntary, in that it 

is not necessary self-imposed toward a conscious purpose, but rather the forced 

result of a fortuitous concatenation of factors which act as positive feedback 

forcing the system into farfrom-equi/ibnum states (Corning, 1995). In this way, 

delineation may be imposed upon classes of living systems with the ability to self-

impose their own farfrom-eq11ilibnilm conditions and exercise measures of self-

control over the process of their own i.e. actualise their purposiveness in ways 

that can contribute significantly to their own evolutionary change (enhanced 

purposefulness). Such higher-order complex beings can also be through of as 

91 



Framework design 

capable of exhibiting the traditionally identified components of mind i.e. 

cognition, affect, volition and conation (Huitt, 1999); only one of which relates to 

a process common to all living systems: 

"Cognition refers to the process of coming to know and understand; the 
process of encoding, storing, processing, and retrieving information. It ~s 
generally associated with the question of 'what' (e.g., what happened, what is 
going on now, what is the meaning of that information.) Affect refers to t~e 
emotional interpretation of perceptions, information, or knowledge. It is 
generally associated with one's attachment (positive or negative) to people, 
objects, ideas, etc. and asks the question 'How do I feel about this 
knowledge or information?' Conation refers to the connection of knowledge 
and affect to behavior and is associated with the issue of 'why.' It is the 
personal, intentional, planful, deliberate, goal-oriented, or striving 
component of motivation, the proactive (as opposed to reactive or habitual) 
aspect of behavior. It is closely associated with the concept of volition, 
defined as the use of will, or the freedom to make choices about what to do. 
It is absolutely critical if an individual is [to] successfully engage in self-
direction and self-regulation" (Huitt, 1999)xxx. 

Therefore, there exists significant differences in the potentiality of certain systems 

to achieve higher states of order. \Vhile some non-living systems (e.g. boiling 

fluids) dissipate energy so as to se!f-organise and find a new order, they do not learn 

or alter their potentiality for complexity in the face of farfrom-equilibrium events 

and hence, their behaviour remains relatively predictable within strictly controlled 

conditions81
• However, within living systems, (i.e. those which are both cognitive 

and dissipative), a state of non-equilibrium imposes continuous 'structural 

coupling' with its environment; a constant position of creative tension which 

causes the structure (form), function and behaviour of the system to change and 

evolve over time. Heightened by farfrom-equilibrium events generated by the 

fortuitous (involuntary) concatenation of factors, such coupling ultimately 

introduces irreversibility into the evolutionary path of the system. But even this 

does not represent the human potential for developing complex behaviour. 

Indeed, while in living systems innovation is in many ways involuntary and 

reactive, within human systems, it may be self-determined or consciously willed, 

often also augmented by tools and technology. Accordingly, there is a need to 

take a closer look at the complexity dimension of complex systems, so that we 

xxx Citations have been removed from this quotation. 
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may better delineate the differences between those which are complicated, from 

those which are truly complex. 

4.2.3 A higher-order complexity: Self-reflective 

Carrying a similar theme over into his later work, Capra (2002) extends the 

integrative 'key criteria of living systems' with a view to an innately human 

complexity; a conceptual framework able to illustrate both the phenomena of 

biological and social domain in terms of form, matter, process and meaning. In 

doing so, he highlights the need for a perspective on complexity that emphasises 

the distinct differences between humans and other biological systems. . Such 

competencies include our ability to employ technology and language, to formulate 

mental models, goals, beliefs, values and strategies, and to derive purpose and 

intention from these (Laszlo, 1996, Capra, 2002). Both Capra (2002) and Laszlo 

(1996) categorise these singularly human capabilities under the title of reflective 

consciousness; bold attempts in expanding our understanding of the individual and 

collective complexity of our organised relationships and cultures. 

"It is relatively easy to tell whether any organism possesses reflective 
consciousness by noting whether it has developed a language and other 
symbolic modes of expression and communication, and whether it can 
transcend the limits of the here-and-now by making plans not directly 
triggered by actual stimuli. Man alone passes this test" Laszlo (1996, pg. 
70). 

Such a call for a perspective on se!f-rejlective complexify is also apparent in Corning 

(199 5) 's individual and collective se!f-determination, in Prigogine (1996)'s questioning 

of creativity, ethics and freewill and in Maturana and Varela (1987)'s 'knowledge 

of knowledge.' From the field of biological sciences and neurophenomenology to 

theoretical physics, the same motifs regarding an inherently human complexity 

reappear. Indeed, se!f-reflective complexity sits as the cornerstone in understanding 

the role of wilful knowledge creation and innovation toward attempts at 

transforming the individual, the group and the organisational system. It provides 

a foundation for understanding the chaos of organisational system development, 

as it acknowledges the ability of agents to self-induce fluctuations within their 

system's control parameters potentially leading to farfrom-eq11ilibnitm conditions 

(Nonaka & Takeuchi, 1995) i.e. the ability to plan and act in ways which 
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contribute to their own personal advancement. The dynamical components 

enabling such creative potential within an organisational system context may be 

found in Stacey (1996, pg. 34), who suggests that an individual human agent's 

behaviour is influenced by four (4) key facets: 

1. The agents are affected by emotion and aspiration, inspiration ~nd 
anxiety, compassion and avarice, honesty and deceptton, 
imagination and curiosity. This is the dynamic of inspiration and 
anxiety. 

2. The agents are able to choose to give priority to their own 
indhridual mental purposes rather than shared ones, a reflection of 
the basic struggle all humans have between being themselves and 
conforming to group requirements sufficiently to belong. This 
aspect of human behaviour can be summarized as the dynamic of 
conformity and individualism. 

3. The agents are affected by power differentials among them, that is, 
the leadership-followership dynamic that reflects the basic human 
tendency to take on omnipotent, omniscient, dominant roles at 
some times and submissive, dependent roles at other times. 

4. The agents are capable of systemic thinking, that is, of observing, 
reflecting upon, and altering behaviour according to their 
perceptions of the operation of the whole system of which they are 
a part. This amounts to an ability to reflect upon themselves and 
take up the role of both participant and observer. It is the property 
of consciousness and self-awareness. 

These innately human factors provide substantial argument for human systems to 

be granted their own level of complexity, a complexity which provides for the 

diverse range of self-reflective capacities. However, such human system capacities 

may only be properly understood with recognition of their underlying structure 

being something other than merely cognitive, logical rule-processing and law-

abiding CAS. For example, it is obvious that individuals within such human 

systems have the potential make 'not-so-rational,' emotionally charged choices, 

however, the popular rationality of Objectivism (and its methodological 

realisations), would have it that such anxieties have no impact on agent behaviour. 

This quite simply does not resonate with most people's experience of our world. 

In further investigating such behavioural phenomena, an acceptance of the 

importance of the conative dimension of the human mind (as well as the 

cognitive) is critical (Huitt, 1999). While acknowledging that it is often 

overlooked in the research field, Professor Huitt explains that there are many 
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significant subcomponents of the conative dimension, including aspects of 

directional motivation which account for an awareness of human needs, visions 

and dreams of possibilities. Such an explanation of human needs is often referred 

to Maslow's work on human motivation and personality, popularly known as the 

'hierarchy of needs.' Within the hierarchy, each need can only be met if all the 

needs underneath it have been met. In addition, one should first fulfil each of the 

basic deficiency needs before the growth needs82 can be acted on, and indeed if in 

the future a deficiency need is detected, then the individual will act to remove the 

deficiency before returning to enacting upon the growth need (i\.1aslow, 1943, 

Maslow, 1968, Maslow, 1971 ). At the apex of the hierarchy are the 'self-

actualisation' and 'transcendence' needs. Respectively, these needs relate to the 

actualisation of one's individual creative potential and of connecting to something 

beyond one's self; to help others find self-fulfilment and realise their potential. 

Although there exists many accounts in the literature which attempt to critique 

and/ or enhance the hierarchy, as a generally applicable normative model of 

understanding human motivation, it has gained much recognition and acceptance 

(Huitt, 2004), especially at an intuitive level83
• 

Interestingly, within Maslow's extended model, without reference to the teachings 

of complexity science, the aesthetic need for symmetry and order is positioned 

directly under the need for creativity (a chaotically imposed spontaneity), with 

transcendence echoing the compelling ethics of the 'deep ecology' of an 

interconnected and continually 'brought forth' world (Maturana & Varela, 1980, 

Maturana & Varela, 1987, Capra, 1996). Indeed, the similarities between the 

normative psychology of Maslow and the tenets of complexity science are remarkable, 

with both accounts curiously converging upon a 'not-so-new' Eastern worldview 

(Capra, 2000). Maslow's final conclusion that transcendence is the highest level of 

self-actualisation is an important contribution to the study of human behaviour 

and motivation (Huitt, 1999); and potentially also a window unto our own 

purpose. However, regardless of perspective, the assertions behind such insights 

into human behaviour and psychology remain born within a normative, rather 

than entirely predictive science. Thus, while the general hypothesis regarding 

whether humans can ever behave in rational or predictable manners remains to be 
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confirmed, nonnative models do resonate with most people's actual experience 

and engagement with their world. For this reason, such heuristic approximations 

may well be the best frameworks we have for understanding complex, 

interconnected and multifaceted human behaviour. 

4.2.4 Characteristics of self-reflective complexity 

In summing up, systems which exhibit self-reflective complexity may be demarcated 

from systems exhibiting only cognitive comple:x.iry by at least, the following 

characteristics84• The significance of many of these characteristics lies in their 

capacity to act as unpredictable and 'not-so-rational' causal agents which may 

trigger complex and variable nonlinear outcomes within complex human {)Slems85
: 

• Exhibit and are subject to the influences of human emotion, anxiety and 
inspiration (Stacey, 1996, Stacey, 2001 ). 

• Exhibit affect and conation (Huitt, 1999). 

• Employ technology and language, to formulate mental models, goals, 
beliefs, values and strategies and derive purpose and intention from 
these (Laszlo, 1996, Capra, 2002). 

• Are able to prioritise beliefs and evaluate actions based on individual 
and collective value schemas (Stacey, 1996). 

• Exhibit volition (are able to make self-determined, intentional choices) 
(Prigogine, 1996, Huitt, 1999). 

• Are able to self-instigate farfrom-equilibrtum conditions. Able to exercise 
measures of self-control which may contribute significantly to the 
process of their own enhanced purposefulness i.e. voluntary teleonomy 
(Corning, 1995). 

• Are subject to the real experience of social power differentials which act 
to influence behavioural choices (Stacey, 1996). 

• Are able to be both self-aware and empathise (take on the conscious 
role of the observer and the observed) (Stacey, 1996). 

• May achieve degrees of wisdom and fulfilment through acts of self-
actualisation and .transcendence (Maslow, 1968, Maslow, 1971). 

• Possess the knowledge of knowledge (Maturana & Varela, 1987). 

• Possess the ability for a group-level (social) transformation of identity 
(Stacey, 2001 ). 
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4.3 A Classification of Complexity 
Thus far, various multidisciplinary views and theories regarding system 

development have been presented and examinedxxxi. These predominantly 

included, Maturana and Varela (1980)'s autopoiesis (autonomous and cognitive 

'living systems) and allopoiesis (machine complexity), Prigogine (1977)'s dissipative 

stmct1ms, Capra (1996)'s integrative work on the 'key criteria of living systems' and 

his subsequent call for a higher-order se!fref!ective existence in Capra (2002)86
• 

Synthesising such work, the following section attempts to collate these views and 

illustrate the particular characteristics which delineate them (see Figure X below). 

In doing so, a Classification of Complexity is proposed adding further insight into 

the complexity dimension of Figure VIII (above). 

4.3.1 A Classification of Complexity - original contribution 2 

The following illustrates the proposed Classification of Complexity: 

[Figure overleaf] 

xxxi Including the review and discussions contained within Section 2.2 : Toward the systemic 
concern. 
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Figure X: A Classification of Complexity (proposed) 

Self-reflective 
e.g. Complex human svstcms 

Cognitive (Autopoictic) 
e.g. Tn.:i.:s, animals, li ving sys tems et c. 

Self-organising 
Non-living, sel f-o rganising, dissipative sys tems 

e.g. heated flu ids, the wea ther etc. 

Machine (Allopoictic) 
e.g. Telecommunicatio ns ne twork, software 

systems etc. 

Static (Complicated) 
e.g. CPU 

* < :cn ~un classes <> f machines Il l:\) c~hihi t behaviour which 1s :'\rguably s.i1n Ll ar t<' au11>1H>nl<)U<\ s~ :-.tenl"i . 
f-or c~amp l e, Arti!icial lmclligencc (;\ I) , ncurnl nCL\\ orks, gcncuc algorithms, ccllLdar automa ta and nc11 
lf ch.?.O system s arc generally mach ines wi th "programmed imcll igcncc"' a11 openness (>f design which 
prom" tcs feedback and cnahl es t"cn a cenain d irected, and logicall \• controlled sclf-o rganisa t.ic> n to occur. 

The various dimensions of the Classification of Complexity are delineated as 

follows: 

Self-reflective complexity 

Se!freflective complexity represents the distinct human potential to voluntarily seek 

higher states of individual and collective order. Such a level of complexity 

separates complex human rystems from all other known CAS. Refer to Section 4.2.4 : 

Characteristics of self-reflective complexity for a li st of qualities which warrant 

this division of concern. 

References: Maturana & Varela (1987), Corning (1995), Capra (1996), Prigogine 

(1 996), Laszlo (1996) and Capra (2002). 

Cognitive complexity 

Autopoiesis is the 'pattern of organisation' of living systems and 'cognition,' the 

activity involved in the continuous embodiment of that organisation i.e. cognition 
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is the continuous process of learning which realises a complementarity of 

structure (form), function and behaviour. Systems exhibiting cognitive complexity are 

information-processing, learning systems. Such non-equilibrium systems 

autonomously self-organise around fuzzy, dissipative boundaries by exchanging 

energy, matter and/or information with their environment. These interactions 

often result in 'structural coupling' between the system and its environment which 

changes and/ or pushes the system's organisation to (generally) increased, more 

complex levels. However, within purely cognitive systems, such increases in order 

are not self-determined, but rather are involuntary and reactive, resulting in an almost 

fortuitous te/eonomy. 

References: Maturana & Varela (1980), Maturana & Varela (1987), Corning 

(199 5), Capra (1996), Prigogine (1996) and Stacey (2001 ). 

Self-organising complexity 

While all living systems self-organise, not all self-organising systems are living. Indeed, 

there exists a class of systems which exchange energy and/ or matter (but not 

information) with their environment across dissipative boundaries, but are neither 

consciously autonomous nor living (e.g. heated fluids, the weather). But, for 

example, while we may remain fairly confident that water will boil at 100 degrees 

Celsius both now and in the future, we also know that longer-term weather 

prediction is ultimately unpredictable. This seemingly presents a contradiction. 

However, the cause of unpredictability in the weather system resides in an 

inability to strictly control and measure all the parameters· and conditions 

temporally affecting the system. In effect, the weather is a much more complex 

self-organising system; a complexity heightened by a vast number of interacting 

systems and volatility within the control parameters affecting overall system emergence. 

References: Nicolis & Prigogine (1977), Prigogine (1977) and Capra (1996). 

Machine complexity 

(and Static 'complicatedness') 
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Within this classification framework, delineation is made between machine and static 

complexity. \\lhile both exhibit allopoietic phenomena••••, static complexity refers to 

a specific categorisation of simple allopoietic machines whose control parameters do 

not exhibit temporal-dynamic fluctuations. Such systems' behaviour can be fully 

predicted and hence are not truly complex, but instead, complicated. 

Nevertheless, the possibility of indeterminism within allopoietic machines with 

massive amounts of control parameters (and consequent temporal-dynamic 

fluctuations) warrants a separation, regardless of whether this unpredictability is 

due to incapacities in· real-time data capture, or limitations in data storage and 

processing. For these reasons a separation has been made between those systems 

which exhibit machine complexity, from those which exhibit a static 

'complicatedness.' 

Finally, certain classes of systems which exhibit machine complexiry may also exhibit 

behaviour which is arguably similar to autonomous systems i.e. artificial 

intelligence, neural networks and Web2.0 systems are essentially machines with 

'programmed intelligence;' an openness of design which promotes informational 

feedback and enables for a certain directed and logically controlled self-organisation 

to occur. These systems sit at the fuzzy boundary between machine and self 

organising complexity with each individual 'semi-autonomous' system exhibiting 

different potentialities for achieving higher states of internal order. 

References: Maturana & Varela (1980). 

4.3.2 Complexity and the Principle of Computational 
Equivalence 

In the quest for developing a device of distinction for what is an innately human 

complexity Stephen Wolfram's Principle of Computational Equivalence (PCE) 

should be reviewed. This principle effectively dictates that all complexity arises 

from remarkably uniform simple rules (i.e. as found in cellular automata), and as 

such all complexity is based on general scientific statements to be made without 

dependence on context (Wolfram, 2002). However while, Wolfram's 'theory of 

xxxii i.e. the system produces something other than itself e.g. a production line. 
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everything' has been met with critique ranging from the mathematical and 

artificial intelligence sciences to the mainstream media (Kurzweil, 2002, Piller, 

2002, Gray, 2003), it cannot be conclusively discredited. Thus as it would seem 

that efforts to catalogue complexity are contradictory to PCE, (as in this light it 

could argued that all complexity has an equal footing), it should be noted that the 

emergence of higher-order complexity as time-dependent phenomena exhibited at 

different phases of evolution is consistent with systems embodying such rules. 

Thus, regardless of whether PCE ever becomes a universally accepted scientific 

rule (applicable to physical, biological and human systems), it is assumed that the 

proposed Classification of Complexity is in fact independent of such a rule. 

4.4 Systemic implications for the organisational 
system 

Now that we have examined and elicited the many characteristics of CAS and 

delineated an innately human self-reflective level of complexity, we are able to view 

the dynamics of organisational system structure (form), function and behaviour 

from a different and wholly applicable perspective. This includes the potential 

premise of organisational system knowledge creation and innovation as the 

'evolutionary innovation' dimension of complex h11man systems-, a view leading unto a 

supposed new role for knowledge management within the organisational system. The 

remainder of this section hence discusses the implications of viewing the business 

organisation as a complex system. From here, certain inferences are then drawn 

which enable an extension of the essential characteristics of CASx:aiii toward the 

more applicable lens of se!frejleclive human business systems i.e. the theoretical 

framework of Complex Business Systems (CBS). 

4.4.1 Organisational system knowledge creation 

While there is still much to learn regarding processes of purposive organisational 

transformation, we do know that the effective management of knowledge (i.e. the 

input and output of the learning process) is essential. Within organisational 

systems, knowledge creation effectively represents the 'evolutionary innovation' 

miii As presented in Section 4.1.5: Essential Characteristics of Complex Adaptive Systems -
original comribmjoo 1 (above). 
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characteristic of CAS; the mandate compelling organisations to continuously find 

a higher 'order for purpose.' However, not all new knowledge is created via the 

same means. Indeed, there exists many and varied methods, each appropriate for 

different problem situations. For example, {YSlematic scientific methods are more 

fitting for efficiency-seeking within known or existing boundaries, while more 

creative and rystemic methodologies are suited to the development of new product 

and service offerings (where multiple dynamic variables and value schemas are 

present). Thus, there is a need to understand the processes of organisational 

knowledge creation in context sensitive terms; with potentially the only constant 

being that methodological selection is highly dependent upon the relative 

uncertainty and requisite for creativity within each unique problem space faced. 

However to date, there exists philosophical disparity between the !JSfemical/y-

oriented meta-methodologies (i.e. the living, learning and knoJVledge creating views), 

and the overarching Objectivist 'company as machine' interpretation of 

organisational reality. This proves problematic as such perspectives often serve as 

the implicit underpinning swaying methodological selection. 

Organisational transformational challenges come in many shapes and sizes. From 

wholesale business engineering, to the simple development of an automated sales 

report, each change transforms the structure, function or behaviour of the 

organisational system to some degree. \Xlhen examining the potential distinctions 

between the types of transformational problems faced within complex 

organisational systems, we find that most may be (non-exclusively) catalogued 
into the following: 

~ Responding to change (reacting and adapting) 

~ Instigating change (generating and driving) 

Whether responding to, or instigating change, all are exercises in the application 

of human knowledge toward the achievement of a higher 'order for purpose' 

within the organisational system i.e. 'evolutionary innovation.' On occasions, 

such change may be able to be clearly framed within known boundaries to find 

higher states of efficiency. However, in other situations, change may involve a 

crossing of the organisational system's fuzzy boundaries introducing 
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uncontrollable (and unpredictable) parameters into the system. The living. learning 

and knowledge creating meta-methodologies all attempt to communicate aspects of 

this concept, but without a clear ontological and epistemological directive similar 

to complex human .rystems, they fall short of offering a compelling alternate. 

Therefore, the challenge is to derive a consistent ontological framework able to 

provide scope for the diversity of contexts underpinning for knowledge creation 

and 'evolutionary innovation' within organisational systems. 

4.4.2 Balancing creativity and efficiency 

In today's frequently changing business world, processes sanctioning mechanical 

organisational transformation bear little resemblance to social organisational 

reality. Guha, Grover, Kettinger et al. (1997) describe such attempts at 

mechanically-oriented process change as pathological; appropriate for an erstwhile 

era of stability, hierarchy and control, but inappropriate for today's complex 

business ecology. Such mechanical methodologies of efficiency and rationality can no 

longer present a sustainable advantage within the unpredictability of a i?Jper-
competitive and self-reinforcing complex digital econon!Y. \'\'hile suitable for managing 

inanimate elements of the organisation and where the boundaries of the problem 

space are unambiguously defined, such scientifically-oriented methods can at best 

offer probabilistic or normative measures when applied to complex human 

conditions. Indeed the limitation of pure scientific dispositions to organisational 

design and transformation compels us to derive more complex views of its reality; 

views which account for the Postmodern-like qualities of the organisational and 

its environment. Thus, while we may choose to manage_ innate elements of the 

organisation scientifically, we should never neglect that such elements exist within 

a context of 'not-so-rational' human interaction, behaviour and emotion (Bauer, 

1999). 

The critical limitation of the 'company as machine' view, resides in its inability to 

account for self-actualising human behaviour, imposing rules, formalisations and 

depersonalisations which warrant incapacities for individual learning and creativity 

(Stacey, 2001). Subsequently, .rystematic methods derived under this perspective are 

duly constrained, as they are forced to rely on the scientific prescription of human 
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re/actions and functions. By doing so, they discount the nonlinearity and 'not-so-

rational' facets of human behaviour and human systems. Moreover, it has even 

been argued that a fascination with such a systemisation of the outcomes of our 

work may actually be a massive waste of resources, because they effectively impart 

effort toward a self-prophesised measurement which may bear little relevance to 

what is, in reality, hoped to be achieved87 (fargowski & Carey, 2000, Stacey, 

2001). Stacey (2001, pg. 226) alludes to this, " .. . co11nteifeit qualiry" in the context 

of learning institutions whereby a quality goal (e.g. an examination mark) that is 

set via a rigorous rystematic application of processes, delivers metrics which 

indicate the relative success of goals, but are often of little relevance to the actual 

quality of the experience/ outcome. In other words, while the objectified goal has 

been achieved, and there exists the metrics to prove it, has the student actually 

learnt something of purposive application?88 Goldstein (1994) too alludes to the 

risks and limitations of such blind sighted behaviour (and consequent affirmation 

of belief) in his discussion of 'self-fulfilling prophecies'89
• Such a preoccupation 

with illusionary linear cause-and-effect predictability means that there is often little 

effort imparted toward an understanding of the role and purpose of creative 

processes. This is probably due to such processes being dynamic and 

unpredictable and much more difficult to manage than processes which cart be 

objectively described: 

" .. .it is difficult to accept that no one can control the specific long-term 
outcomes of creative processes, that we are agents in systems that are 
coevolving into an open-ended evolutionary space" (Stacey, 1996, pg. 217). 

Thus, while providing efficiency, the hierarchical and systemised directive may 

deflect vital energy away from creative organisational processes i.e. the processes 

capable of delivering a wilful 'evolutionary innovation.' Such processes are critical 

to instigating activities of change within the organisation, essential for purposive 

development within the system's broader evolutionary mandate. To detract from 

such creative processes may induce Senge (1990a)'s organisational 'learning 

disabilities' with the outcome being a organisational reality disjoint with the 

emergent and transformative space of its operation. Ultimately, in order to sustain 

the velocity of change required to survive within a h.Jper-competitive environment, 

organisations increasingly need to acknowledge the chaos of their development 

104 



Framework design 

because, few, if any, major innovations result from highly structured and planned 

systems (Quinn, 1985). Indeed, Brown & Eisenhardt (1998) even suggest that the 

most effective organisations evolve strategies for structuring chaos. 

To combat the frequent internal and/ or external environmental changes and 

accommodate the need for purposive evolution, it is now supposed that each 

organisation need discover their unique synergy of the rationality and efficiency of 

old with the often 'not-so-rational' new (Lefebvre & Leriche, 1999, Koch, 2001); a 

notion whose difficulty is encapsulated within Stacey (1996)'s 'creativity and 

efficiency paradox.' This paradox alludes to the need for organisations to find 

their unique balance of processes encouraging creativity and processes sanctioning 

order in the face of a world rampant with the challenges of both efficiency and 

responsiveness to change. The paradox states that: 

"Creativity and efficiency are enemies: the first requires slack resources and 
the second requires that there are none. They are enemies in another way 
too. Efficiency requires that there be no redundancy, no repetition of the 
same tasks in different parts of an organization or at different times. 
Creativity, however, requires redundancy" (Stacey, 1996, pg. 280}. 

Such new economy competencies have· been expressed by Dooley, Johnson and 

Bush (1995) as the capacity to be in control and out of control at the same time. 

Consequently, there exists two very different classes of methods, some emergent 

and some structured, but both immensely important to achieving the necessary 

balance between flexibility and stability of design within the complex digital econov!J 

(Capra, 2002). With too much creative openness often comes a disintegration of 

direction, yet with too little, the organisation may become rigid and unable to 

exchange matter and information, closed from the environment and unable to 

evolve (Prigogine, 1996), destined for a fate comparable to 'thermal death.' 

Indeed, the management of the modern organisation is wedged between two very 

different worlds (Allee, 1999b). 

Organisations co-exist with other organisations, systems and agents within an 

ever-changing landscape. Thus, when addressing problems, the assumptions and 

constraints of such problems are critically dependent upon the spatiotemporal!J 

subjective uncertainty of the organisation's unique and regenerative landscape. It is 
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through an investigation and understanding of this space that the uruque, 

optimum balance of required creativity and efficiency may be forged; as whereby 

some problems are relatively repeatable and can be approached using mechanistic 

methods; others are uicked, mandating the application of purposive knowledge 

toward the development of an innovative resilience in the face of Knightian 

uncertain!J90 (Rittel & Webber, 1973). Therefore, the fast-paced and ever-

demanding col!lplex digital economy demands not only a requisite for balance between 

responsiveness, agility and structured direction, but that this balance be 

continuously redefined based on the regenerative mission of the enterprise 

immersed '\vithin the complex b11si11ess ecology. To compound the difficulty of this 

assignment, the contextually sensitive deployment of resources also becomes 

critical to success. This is primarily due to the parameters which define each 

individual problem space being spatiotemporal/y Sllbjective (Nonaka & Takeuchi, 

1995), requiring both local knowledge and applied skills sensitive to that space, as 

well as a global knowledge to ensure that expansion into that space is in confluence 

with the evolutionary direction of the system at large. Thus, an organisation's 

evolution could be considered a function of their ability to employ the knowledge 

required to analyse and understand the unique uncertainty of their condition and a 

capacity to implement innovative measures which push the organisation toward a 

higher 'order for purpose.' 

Although not often stated explicitly within the literature, it is for reasons like these 

that knowledge has been catapulted into its now widely accepted role as being the 

single sure source of sustainable advantage (Nonaka, 1991, Nonaka & Takeuchi, 

1995, DeTienne & Jackson, 2001, Lazlo & Lazio, 2002, Stenmark, 2002). Indeed, 

some go as far as to suggest that the very foundation of the organisation is 

information and knowledge (fravica, 1999). However, despite the importance 

placed on it, its ontological and epistemological foundations remam 

predominantly implicit within most knowledge management method implementations 

and subsequent processes of organisational transformation. As it is these 

foundations which broadly determine the context for conclusions of global/local 

methodological selection (Butler, Scott et al, 2003), a clear philosophical 

grounding for evaluating what knowledge is both plausible and valuable within 
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each uruque problem context is required. Otherwise, conclusions drawn for 

selecting such directions pursuing new knowledge (innovation) are bound to be 

employed within piecemeal in form (Bartlett, 1999, Travica, 1999), unable to cope 

with the emergent complexity of the whole and ultimately affording inconsistencies 

with the organisation's reality (i.e. not simultaneously accounting for structural, 

cultural, political and social dimensions). This is where a complex human {)Siems. 

view of organisational reality may be of assistance. 

A complex hl(man rystems view of organisational reality introduces a strikingly 

different narrative to those delivered with mechanistic, Objectivist motivations. 

Firstly, a participatory and emergent view of organisational system transformation 

requires we pay attention to the systems, structures, strategies and cultures which 

permit a more efficient environmental informational extraction and {YS/emic 

evolutionary expansion. It also means that managers of organisational systems 

look outside of prescriptive models and seek their own context-sensitive 

approaches, making clear the assumptions and interfaces of their unique problem 

spaces. A complex human rystem approach also sheds new light unto the purpose of 

innovation, suggesting that knowledge be applied not only to adapt to the 

changing environment, but to create and drive change itself. Furthermore, the 

spatiotemporal subjectivity of knowledge introduces a local-global knowledge 

problematic into the equation, rendering every solution potentially self-similar, but 

not necessarily uniformly applicable to other systems and the global situation. 

Such implications lie at the heart of redefining the role of knowledge management 

within organisational systems and thus potentially their evolutionary progression 

(survival and development). 

4.4.3 Rising uncontrollability: Strategy from the ground up 

Environmental uncertainty is rampant. Within the complex dig/ta/ econonry, a 

transformative landscape interspersed with customers, suppliers, competitors and 

complementors unequivocally guarantees that the future is under continuous 

regeneration. Therefore, within such volatile environments, it is increasingly 

difficult for management to control the successful direction of their organisations 

using simple mechanistic and prescriptive approaches (Stacey, 1992, Goldstein, 
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1994). Instead, complexi!J science is suggesting that efforts at affecting organisational 

direction (i.e. an achievement of a higher 'order for purpose'), may be better 

channelled toward the detection and selection of which emergent environmental 

patterns to invest in, rather than in longer-term strategic planning (Lewin, 1999, 

Koch, 2001). However, despite the indeterminism of future events, management 

are not wholly rendered to the role of bystander and may actively promote 

emergence in directions consonant with their strategy, using non-traditional methods 

which employ uncertainty as a positive and constructive force. 

In contrast to .rystematic management approaches (frequently motivated by pre-

stated strategies, goals, objectives and tasks), in the face of increasingly 

unpredictable business environments, many organisations are adopting a plan-

often approach91 (W"atts, 1998). Such an approach instructs that a plan is only as 

useful as the knowledge available at the time if its creation. Unknowns and 

subsequent changes to the environment of its enactment, render the prescription 

of finite longer-term tasks extraneous. Hence, organisational systems within the 

complex digital economy should appreciate the difference between responding to 

change (adapting and reacting to environmental conditions or events) and 

instigating change (generating and driving environmental conditions or events) 

and be aware of the methods available to achieve both competencies. Within 

such a regenerative landscape, management may still considerably influence the 

overall direction their organisations take, but the approach is quite different to 

traditional longer-term planning and budgeting techniques. However, instead of 

top-down or hierarchically imposed mandates, potentially the only lasting and se!f 

determined initiative able to executed by management is to strategically generate 

instabilities within specific organisational system boundaries to facilitate 

'controlled,' farfrom-equilibtium conditions (Stacey, 1992). 

Inducing these conditions may force events of se!forganisation and hence, the 

subsequent finding of a new order. Stacey refers to these controlled perturbations 

as 'bounded instabilities.' Examples of such 'bounded instabilities' may be the 

self-imposition of crisis or conflict situations, or a forced information overload 

. (Senge, 1990b, Goldstein, 1993): 

108 



Framework design 

"The key message of the dynamic systems model is that a preoccupation 
with order, stability, and consistency in all time frames damages 
management's creativity and ability to cope with the unknowable. When the 
future is unknowable, managers cannot install techniques, procedures, 
structures and ideologies to control long-term outcomes. They can, 
however, manage boundary conditions in a way that pushes the organization 
into the area far from equilibrium in which spontaneous self-organization 
may occur and new strategic directions may emerge. The key question 
managers face, then, is not how to maintain stable equilibrium but how to 
establish sufficient constrained instability to provoke complex learning. It is 
through political interaction and complex learning that businesses create and 
manage their unknowable futures" (Stacey, 1992, pg. 202-203) 

Highsmith (1999) adds to this debate92
, suggesting that management need regress 

from positions which cater only for simplicity of control. Instead, management 

need also accommodate for the creativity and spontaneity necessary to combat an 

uncertain world, howsoever an unfamiliar and uncomfortable assignment it may 

be. Consequently, the role of management becomes one of guiding or pushing 

the organisation toward its regenerative mission based on information extraction, 

assessment and pattern detection within the 'noise' generated in the margins of 

non-equilibrium93 (Goldstein, 1994). Such noise may be intentionally induced by 

management or agents within the system, or may materialise due to the influence 

of internal and/or external system events of se!f-organisation. Examples of noise 

include unexpected breakdowns, anomalies in production methods, fluctuations in 

attendance or purchasing patterns, customer complaints, unusual worker 

behaviour, brief crisis or the success of new temporary working conditions 

(Goldstein, 1994). 

Noise is an essential part of complex system evolution as an operational surprise, 

incident or unexpected outcome94
, if able to be amplified, may potentially signal 

emergence, the next big thing (Goldstein, 1994, Drucker & Senge, 2000, Koch, 2001, 

Capra, 2002). However, while noise is fundamental, it may often be too easily 

· dampened down95
• Indeed, the early localised ciphering (and amplification) of 

constructive96 emergent patterns is critical to unlocking the organisational system's 

innate capacity for progressive evolution and synchronicity with its market reality 

(environment). 

"In a human organization, the event triggering the process of emergence 
may be an offhand comment, which may not even seem important to the 
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person who made it but is meaningful to some people in a co_mmunity of 
practice. Because it is meaningful to them, they choose to be disturbed and 
circulate the information rapidly through the organization's networks. As it 
circulates through various feedback loops, the information may get 
amplified and expanded, even to such an extent that the organization ~an no 
longer absorb it in. its present state. \'V'hen that happens, a point of 
instability has been reached. The system cannot integrate the new 
information into its existing order; it is forced to abandon some of its 
structures, behaviours or beliefs. The result is a state of chaos, confusion, 
uncertainty and doubt; and out of that chaotic state a new form of order, 
organised around new meaning, emerges. The new order was not designed 
by any individual but emerged as a result of the organization's collective 
creativity" (Capra, 2002, pg. 117). 

Despite the creative potential of the nonlinear, most modern equilibrium-seeking 

management methods act to reduce such noise (Goldstein, 1994). However, any 

attempt to dampen out noise, actually risks diminishing the capacity for 

information extraction at the organisational system's dissipative boundaries, 

potentially reducing its learning capacity and ultimately threatening to disjoin it 

from its market reality. But there are two sides to the problem. While noise is 

essential to development, not all noise is good. Bad noise exists and often 

distracts the detection of emergent patterns via a deflection of energies toward non-

essential processing. Additionally, the existence of certain types of noise may 

threaten to force events of se(forganisation which are not pursuant with the overall 

purpose of the organisational system e.g. a competitors' new product offering 

receiving praise in the blogsphere prior to official launching. Thus, regardless of 

its source, there is difficulty in finding 'quality' within the noise; a characteristic 

which is not likely to be visible unless one actively seeks it out and is able to 

compare it against some measure of goodness or purpose. 

This paradoxical requisite for obligatory uncertainty poses a dilemma, as while too 

much system control detracts from innovation and flexibility, while too much 

openness can undermine managerial processes and work routines (Choi, Dooley et 

al, 2001). Such is the challenge of the Stacey (1996)'s 'creativity and efficiency 

paradox.' Ultimately, organisations require an acknowledgement of the 

importance of a balance between the thinking of the systematic old and the systemic 

new (Hitchins, 1992, Koch, 2001, Painter-Morland, 2004) as without order 

nothing can exist, but without chaos nothing can evolve97• While the Newtonian 

paradigm bestowed a conviction of certainty which drove much historical success 
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within times of less erratic change98
, such Modernist (rational) beliefs are probably 

now best held both provisionally and in relation to the larger and more diversified 

view of the organisation as a coevolving and adaptive complex human system (Stacey, 

1996, Dooley, 1997, Anderson, 1999, Axelrod & Cohen, 2000, Stacey, 2001). A 

complex view does not attempt to dictate or prescribe to management, but 

instead, offers assistance regarding where and when methods of control are 

possible (or practical) and at what scale of organisation such efforts would be best 

directed (Young & Kiel, 1994). Indeed, there are many situations where 

uncertainty may be rationally bounded and a mechanical approach is applicable, 

but it is likely that situations like these would be considerably divorced from a 

sizeable human intervention. Thus, understanding what approaches are 

appropriate for managing order, chaos and the complex region of their transition 

(i.e. the 'edge of chaos') is critical to the survival and development of modern 

organisational systems (Highsmith III, 1999). 

"In organizations, forces either push for stabilization or push for less order; 
they rarely stay in the middle. Understanding that the edge is there, 
understanding that it is where emergence happens, and understanding that 
people will be uncomfortable with it are all key to exploiting its benefits." 
(Highsmith III, 1999pg. 36-37). 

As total control and regulation over organisational-level system events becomes 

less and less possible, management methods will be forced to adapt and 

accommodate methods of creativity. Organisational systems are nonlinear 

systems and thus, resistance to change can only dominate so long as their control 

parameters do not fluctuate in ways which activate the intrinsic nature of the system 

to enter non-equilibrium states (Goldstein, 1994). As elicited within Section 4.1.5 

: Essential Characteristics of Complex Adaptive Systems, within complex adaptive 

organisational systems, various fundamental parameters exist, 1) energy Q.e. 

information, matter) flows and density, 2) the number and strength of agent 

connections within and external to the CAS, and 3) the degree of agent diversity 

(value schema differences) within the CAS and landscape. If such system control 

parameters ever reach critical levels, the system may speed toward a state Jarfrom-

eq11ilib1i11m, necessitating a consequent se!f-organisation in order to capitalise on 

niches and/ or preserve being. \Vhen such events occur, those systems which are 
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best able to efficiently scan, extract, assess and adapt to the changing environment 

are those which are best able to execute their intention upon it to survive and 

thrive. Interestingly, such control parameters increasingly resonate with the reafoies 

of the complex digital eco11ovry, where the technologies of collaboration, connectivity 

and mass information exchange have compelled organisations to evolve into 

global, networked, cross-cultural, information-savvy systems (de Dommartin, 

2003, Manabat, 2004). Indeed, the complex digital economy has forever changed the 

rules of the game. From organisational JCT-enabled collaborative partnerships 

which mimic Corning (1995)'s !Jnergistic phenomena (symbiosis), to the phenomenon 

of lf/eb2.0 online social nehvorks and CoPs which foster interaction and experience 

sharing between diverse agents, we can see an amplification in the amount and 

volatility of such system parameters, and hence, may also expect an ensuing 

acceleration in the frequency of market emergence. 

\Vithin a bflsi11ess ecology dominated by events of emergence, we should not only ask 

questions regarding organisational transformation, but also of organisational 

design (structure). If the success of an organisational system is dependent upon 

its ability to evolve more effectively than their competitors, then arriving at the 

structure most conducive to 'evolutionary innovation' is critical. The increased 

frequency of emergence necessitates that an organisational system's structure 

supports the efficient creation of new knowledge and the subsequent 

dissemination of that knowledge throughout the system and its subsystems. Such 

concerns are fuelling the argument against hierarchical imposed blueprints and/ or 

mandates (Ferdig, 2000). Such positions suggest organisations may no longer be 

able to be engineered by economising rules from the outside or top-down, but 

instead require a layered (or heuristic-based) management practice (Allee, 2002). 

However, such a balance is a demanding task within hierarchically controlled 

organisations, which by their very nature, house formalised structures and 

normalised beliefs which may or may not be in alignment with the values and 

beliefs held at recursively descending levels of organisation. While acting to keep 

the system in order, such formal structures often dampen down the ability of the 

organisational system to innovate and evolve, frequently resulting in the 

propagation of Senge (1990a)'s 'learning disabilities.' 
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Current trends in organisational practice are evidence of the need for 

evolutionary-savvy design. The materialisation of decentralised, networked 

and/ or disorganised 'adhocracies' replacing hierarchical and bureaucratic design, 

emphasise the importance of employing a less-structured approach to overcoming 

unique problem situations (Naisbitt, 1982, Senge, 1990b, Senge, 1994, Amidon, 

1996, Hibbard & Carrillo, 1998, Travica, 1999, Targowski & Carey, 2000, Palmer 

& Todd, (n. d.)). A network-oriented design typically brings together professional 

kno1vledge workers within the broader concept of Communities of Practice (CoPs) or 

Electronic Networks of Practice (ENoPs); taskforces which work in project-based 

roles to solve localised (framed) problems (feigland & Wasko, 2004). In such 

instances, the system's networked design acts to position the application of 

localised knowledge upon a global knowledge directive, ensuring that any 

subsequent evolutionary expansion is in alignment with the intent of the 

organisational system at large. 

Such notions serve to highlight the local-global knowledge problematic. While an 

organisation's market reality is principally driven from the ground up, 

management strategy is agreed and sanctioned from the top-down. Therefore, 

finding an alignment is an elusive exercise within hierarchically structured 

organisations, as the problem is ever-evolving, often framed upon differing 

worldviews and communicated through numerous layers of middle management. 

While the achievement of an organisational structure supportive of proficient 

organisational system transformation is likely to improve synchronisation between 

organisational and market reality, any discovery of the middle ground requires 

both direction and freedom. Therefore, organisational systems may require 

investment in the directing of knowledge toward a detection of emergent patterns 

(both induced and fortuitous) and their subsequent capitalisation, as well as in 

processes which seek out internal resource efficiencies. Both are acts of 

innovation; new knowledge creation which deliver the organisational system unto 

higher, more ready and capable states of adaptability. 
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4.4.4 A new type of knowledge management? 

The operational uncertainty induced by the complex digital econovry increasingly 

requires an organisational capacity to create (or acquire) new knowledge. \Vhether 

the new knowledge is applied toward the conscious instigation of events leading 

to farfrom-eq11ilibti111n conditions, or toward delivering the means of crystallising a 

new order in their presence, both proficiencies are seemingly the responsibility of 

a new kind of knowledge management. Alike to the most prodigious and powerfully 

adaptive living systems, organisational systems with faculty to scan their 

environments and to efficiently transition into and out of stasis and 

transformative space are best placed. However, while ICTs play a significant role 

in the development of adaptive and generative organisational capacities, the 

organisational structures, strategies and cultures which define the milieu for social 

interactions and information processing systems are equally as important (f ravica, 

1999). Indeed, a systemic appreciation of the purposive application of knowledge 

toward wilful innovation and resilience may be the single most critical challenge in 

maintaining an organisational system's edge in a hyper-competitive world. Ultimately, 

knowledge delineates an organisation system's ability to respond to, and to drive 

change and is hence, tightly coupled with the actualisation of sustainable 

competitive advantage. Indeed, knowledge acquisition and/ or creation seemingly 

delivers the organisational system equivalent of what Charles Darwin's natural 

evolution theory describes as the cornerstone of survival i.e. responsiveness to 

change99
• 

Within a complex digital economy, the role of knowledge management is being extended, 

or possibly even redefined. It is more than just creating databases of catalogued 

and indexed information (arguably 'information' management and not really 

'knowledge' management (Wilson, 2002)) and it is more than just the pursuit of 

new innovation. Instead, knowledge management may be more about creating 

organisational structures and systems that work to capitalise on the inevitability of 

change and volatility and use these as positive and constructive forces. More 

concisely, the new knowledge management may not only be about understanding what 

exists, but deriving strategies for venturing into the unknown. By understanding 

the organisation's internal and external cultures and environments, and by 
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continuously scanning these environments for indications (patterns) which may 

signal emergence, the organisation is able to position itself to capitalise on trends and 

emerging markets. Conflicting with the traditional understanding of knowledge 

management, this new kind of 'management' emphasises the directive to adapt, 

respond and generate new knowledge pursuant with the achievement of a higher 

'order for purpose' within the organisational system. Indeed, knowledge management 

in the complex digital economy may not just be a faculty of management, it may 

actually be management; the continuous process by which a synchronisation of 

strategic and market reality is achieved; a core, cross-disciplinary organisational 

competence. 

Those organisational systems better able to apply knowledge toward controlling 

chaos (and willingly venture into the unknown) are better able to learn and 

subsequently assert their evolutionary position within the b11siness ecology. The 

purpose of such learning may be to determine what environmental parameters 

require dampening such that current modes of operation may be sustained, or to 

elicit potentialities for market emergence to develop business cases for new 

investment. To this end, organisational ICT systems need not only support an 

understanding and elucidation of 'what already exists', but should increasingly aid 

in the intelligent farming of information trends from the organisational system's 

market space; leveraging both extended networks and relationships. In a 

networked economy, new market realities are increasingly spawned through 

participation and thus ICT infrastructure should support and propagate an 

interactive experience. Ultimately, the prevalent nonlinear nature of the complex 

b11siness ecology means organisations increasingly require an understanding of their 

participatory reality and of the emerging ICTs which underpin the complexity of 

their market's evolving interactions and value exchanges. In this way, 

organisations should open themselves up to certain instabilities and risks in the 

margin, acknowledging that the real strategic and competitive power resides in 

efficiently fashioning networks which facilitate open communication, diversity, 

participation, pattern detection and innovation (Stacey, 1992). 

The dramatic environmental changes as triggered by the networked revolution 

and the subsequent move toward a social, participatory complex digital econo119 have 
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heightened concerns regarding the importance of knowledge creation and/ or 

acquisition (and innovation). Taking a complex view of organisational system 

reality advocates that each organisation need discover their own individual 

h . l · . · 100 requirements for employing the knowledge resource upon t cir re atlve pos1tlon 

within the /J/fsi11ess ecology. Such an application is arguably dependent upon the 

interdependence and uncertainty of the environment in which the organisational 

system both exists and influences (i.e. coevolves within). A complex view also 

suggest that the evolution of the organisational system becomes one of 

constructive chaos, mandating the ever-venturing into unknown space with the 

mandate of creating of new structures and orders where none previously existed 

(Quinn, 1985, Lefebvre & Leriche, 1999); the continuous discovery of 'what does 

not yet exist.' Such discovery has the added advantage of promoting human 

innovative ability and subsequent self-actualising effects, which together may 

reinforce human capital and the overall positioning of the organisational system. 

Indeed, if energies can be directed toward the development of an organisation 

design (form) which both delivers the attitudes and infrastructure101 supportive of 

localised creativity, and disperses the fruits of such creativity in an equitable and 

ethical manner, the foundations for an alignment of individual and collective 

values and strategic and market reality may exist intrinsically. Such may be the 

real value and assignment of knowledge management, the management of an 

organisational system structure (form), function and behaviour conducive to the 

continual genesis of 'evolutionary innovation,' which in extending the value 

offerings of the organisational system, also intentionally catapults it along its 
evolutionary path. 

4.5 Complex Business Systems 
Within Section 4.1.5 : Essential Characteristics of Complex Adaptive Systems. a 

series of qualities delineating CAS was presented. While these characteristics 

intended to relate to all CAS, when examining organisational business systems (i.e. 

complex human {)'Stems engaged within business activities), such characteristics 

require an extension of concern into an uniquely human se!f-reflective capacity. 

Such is the concern of the Complex Business Systems (CBS) theoretical 

framework offered below. It is expected that the following characteristics may 
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.shed light upon some of the many principles governing the development of CBS. 

In doing so, they may enable heuristic considerations to be made regarding the 

design and development of interactive, multi-participant, online social ICT 

business systems; systems which are often highly coupled with CBS's business 

models and modes of operation. The critical implication being that these complex 

digital business .rystems may themselves, represent a se!forganising and emergent source 

of product and service innovation and of business and market development. 

4.5.1 A theoretical framework for Complex Business Systems 
- original contribution 3 

4.5.1.1 Framework building blocks: The characteristics of CBS 

This section develops an 'ideal' theoretical description of the structure (form), 

function and behaviour of CBS. It does this by layering Section 4.4's discussions 

regarding the various systemic implications for organisational systems, upon the 

CAS classification previously presented in Section 4.1.5 : Essential Characteristics 

of Complex Adaptive Systems - original contribution 1. Although not specifically 

detailed below, support for claims made within this section includes those 

references detailed in Section 4.1.5 (respectively for each CAS characteristic), as 

well as the various business systems references within Section 4.4. 

The following characteristics form the foundation of the theoretical framework 

for CBS. Within these characteristics, the term 'agent' refers to an individual 

adaptive and autonomous human person, while 'CBS,' one or more human 

'agents' engaged within a social grouping. 

Agent connection and Interaction 

~ The basic building blocks of CAS are autonomous agents (i.e. people). 
Within CBS, agents should be able to connect to other agents in a 
manner which enables them to interact and exchange value (e.g. 
products, services, time, money, information and knowledge) with each 
other. These agent interactions and connections are dynamic and shift 
over time in both intensity and number, generally dependent upon 
variations within individual and group value schemas Q.e. changing 
goals, beliefs, values, plans and/ or strategies). 

Individual and collective value schemas 
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• Each agent within a CBS behaves according to individual and group 
schemas or internal models (i.e. goals, beliefs, values, plans and/ or 
strategies) that is, singular and collective rules of behaviour that require 
them to inspect, and generally respect each other's behaviour and adjust 
their own in light of others'. Within CBS, such schemas are affected by 
the items listed in Section 4.2.4 : Characteristics of self-reflective 
complexity. 

• As it is likely that differentiation exists between the individual and many 
intersecting collective schemas, there is often difficulty in sanctioning 
organisational wide (or even subsystem wide) goals, beliefs, values, 
plans, strategies. As a result, a lack of value alignment between the 
individual and collective may affect incongruence between what 
motivates (and ultimately drives results) in formal and hierarchically 
structured CBS. 

• CBS (and agents within CBS) partake within a continuous loop 
discovery, choice and action in which they extract information from 
their environment Qandscape), interpret and assess it and eventually 
condense it into their progressively regenerated schemas (i.e. business 
models, strategies, plans, functions, policies and/ or modes of 
operation). In other words, CBS (and agents within CBS) evolve via 
'single-loop' and 'double-loop learning;' a learning which is generally 
augmented and extended via an utilisation and command of ICT 
systems. 

System boundaries are open 

• CBS are usually open enough to exchange value (e.g. products, services, 
time, money, information and knowledge) with other systems in their 
complex environment (business ecolo!!J), and closed enough to maintain 
the integrity of the system. By exchanging value over permeable 
boundaries, the non-equilibrium nature of CBS make them capable of 
maintaining and/or reaching states of progressively higher internal 
order; self-actualising in manners conducive to an achievement of their 
temporally varying individual and collective goals. 

Complex control parameters exist 

• Emergence (or events of complexijication) within a CBS are positively 
influenced by fluctuations within a number of fundamental system 
control parameters including, 1) value exchange (flows and density of 
products, services, time, money, information and knowledge), 2) the 
number and strength of agent connections and relationships within and 
external to the system and 3) the degree of agent diversity (value schema 
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differences) within the CBS and landscape102
• 

• The advent of the complex digital economy and the rise of the mobile 
professional knowledge worker have seen an escalation in agent 
connections, value exchanges and (diverse) participation as frequently 
augmented by ICTs like Internet connectivity, Web2.0, Comm11nities of 
Practice (CoPs), mobile phones, remote access and personal digital 
assistants. In fostering interaction and experience sharing between 
diverse agents, we can see amplification in the amount and volatility of 
such complex system control parameters, and hence, may also expect an 
ensuing acceleration in the frequency of market emergence. 

Nonlinear, dynamical and emergent behaviour 

• CBS reality is co-created not only via the interrelationships of agents 
and/ or systems and the complex environment (business ecology) in which 
they are immersed, but also highly dependent upon the often 
asymmetrical and spontaneous value-dependent reasoning of 
autonomous human agents se!f-organising under the influence of 
individual motivations (schemas). Section 4.2.4 : Characteristics of self-
reflective complexity details some of the unpredictable and 'not-so-
rational' causal agents which may trigger complex and variable nonlinear 
outcomes within CBS. 

• \X'ithin CBS, a small environmental perturbation may cause a large 
effect, a proportional effect, or possibly no effect at all. The converse 
may also be true. Such dynamic materialisation of nonlinear, interactive, 
feedback relationships among the system's control parameters gives rise to 
an unpredictability of longer-term behaviour. In other words, CBS are 
sensitively dependent on their initial conditions, such that two (2) CBS 
with very similar initial states may trace out radically divergent 
trajectories over the same time. 

• Nonlinearity is fundamental to CBS's creative potential, as if pushed to 
a point of critical instability farfrom-eq11ilibn'um (i.e. by positive 
feedback), they are forced to se!forganise, the result of which is the 
spontaneous formation of new structures (forms), functions and/ or 
behaviours. This is the phenomenon of emergence. Triggering the onset 
of emergence \vithin CBS may be offhand comments, unexpected 
breakdowns, anomalies in production methods, fluctuations in 
attendance or purchasing or customer complaints. which if amplified 
through the CAS's internal and/or external network, may force the 
system into a state of critical instability (Goldstein, 1994, Drucker & 
Senge, 2000, Koch, 2001, Capra, 2002). 
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Relationships contain feedback loops 

> Both negative and positive feedback influence the structure (form), 
function and behaviour of CBS. \Vhile fluctuations of system control 
parameferr remain 'below a critical value, they are often dampened down 
by the pull of stable attractors (negative feedback) e.g. periodic business 
reporting cycles, management methods or operational manuals. 
However, above a critical threshold, unstable a/tractors pull the system 
toward an exponentially increasing instability (via positive feedback) and 
subsequent self-organisation resulting in the emergence of new market 
phenomenon i.e. trends or fads, which are external to the CBS, or 
modification of structure (form), function and/ or behaviour internal to 
the CBS. For example, Short Messaging Service (SMS) was originally 
designed as a channel to allow operators to inform their customers 
about network service issues, but quickly became mainstream when 
teenagers adopted it to quickly pass messages. SMS is now the most 
widely employed mobile messaging format, with total global revenues 
expected to reach $50 billion by 2010 Qaques, 2005). Thus, due to the 
emerging market, businesses in turn responded by altering their 
structure (form), function and/ or behaviour to best capitalise on 
opportunities present. 

CBS exist within a transformative ecology 

> In today's complex digital economy, CBS coexist and coevolve within a 
transformative ecology of customers, suppliers, competitors, 
complementers and cultures (Nalebuff & Brandenburger, 1996). This 
complex landscape (business ecology) is continuously regenerated based on 
the resulting adaptations of its interacting constituent parts, new 
entrants or the failure of existing agents and/ or CBS, resulting in the 
continuous bringing forth of new realities (e.g. emerging markets, 
technological and economic innovations, opportunities). Consequently, 
such events act to constrain or attract the behaviour of other agents and 
CBS whom choose to alter their structure (form), function and/ or 
behaviour to jostle for niches and better position. 

System boundaries are difficult to frame 

> Due to a forever changing business environment (business ecology), a mesh 
of nonlinear of relationships and fluctuating agent connections, it can 
be difficult to frame the boundaries of a CBS for a period of time long 
enough for an examination to occur. Additionally, agents within CBS 
may at once participate and engage within a number of different 
capacities and within a number of different social systems (e.g. multiple 
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workgroups, multiple occupations or membership to different social 
groups). 

Diversity, niches and 'weak ties' drive evolution 

> CBS exist within a transformative ecology (complex digital econonry) 
containing immense variety and mixtures of CBS with different, yet 
generally harmonising, structures (forms), function and behaviour. This 
indicates that the existence of an agent or CBS itself generally depends 
upon the context provided to it by other agents and CBS. 
Subsequently, such diversity creates niches wherever an agent or CBS is 
removed from the environment (business ecology), or where emergence opens 
up new possibilities. Agents or CBS typically respond to niches via a 
cascading of rapid adaptations which fill the 'hole.' For example a new 
market entrant (or demise of existing business entity) changes the 
dynamics of customer-supplier relationships and resource acquisition in 
the area. Alternatively, early capitalisation on emergent market 
phenomena (e.g. trends, fads or emerging markets) generally creates 
certain advantages for first-movers. 

> Additionally, the more participants which can discover common 
concerns and interests, or simply disseminate information, the greater 
the chances of emergent phenomenon within the CBS (Stacey, 1996). 
This is primarily due to the innovation potential achieved when agents 
with differing schemas (e.g. goals, beliefs, values, plans and/or 
strategies) interpret the same information, but do so from dissimilar 
personal contexts, experiences and relationships i.e. the leveraging of 
'weaker tied' connections. Such phenomenon affords the paradox of 
efficient 'slackness' of resources (a condition for knowledge creation), 
whereby via a leveraging of external relationships, innovation may be 
achieved without the usual need for internal 'redundancy.' 

Signal quality, information quality and trust underpin Interaction 

> CBS partake within a continuous loop discovery, choice and action in 
which they extract information from their internal and external 
environments (bJ1siness ecology), assess the information and make 
behavioural decisions based on it and their current individual and/ or 
collective schemas. As such capacities govern selective interaction, 
semiotic signals (i.e. aggregate 'tags') and a quality of information 
presentation and flow, is conducive to the correct decisions (choices 
and actions) being made. In ot~er words, this provides a sound basis 
for agent and/or system cooperation and filtering. For example, many 
business systems partake in activities of market research to understand 
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the purchasing psychology of their consumers and based on the 
information obtained target marketing campaigns and/ or make 
adjustments to product and service offerings. Alternatively, when 
looking for partners and/or potential businesses for acquisition, 
semiotic signals (in this case balance sheets, management team 
experience, profitability, customer base etc.) are used to filter 
engagements. In both instances, quality of information is vital to 
accurate decision making. 

> Additionally within CBS, elements of credibility and reputation 
underpin the effective exchange of value (e.g. products, services, time, 
money, information or knowledge) and engagement between agents and 
CBS. These elements of 'trust' effectively counter the ambiguity of the 
complex landscape (i.e. act as instruments for reducing uncertainty and 
risk) enabling faster, decisions to be made. The ability to make accurate, 
faster decisions is conducive to the achievement of CBS and agent 
goals. 

Coevolution and synergistic phenomenon 

> Within a transformative business ecology, CBS continuously exchange 
value (e.g. products, services, time, money, information or knowledge) 
with other CBS in order to maintain and enhance internal order i.e. 
they coevolve via an interaction with other systems. Those systems able to 
take advantage of synergistic phenomena (partake within a coevol11tionary and 
symbiotic dance of 'competition and cooperation') may evolve faster 
than those which do not. Such phenomena intend to denot~ the 
acceleration of learning (i.e. hastening of events of complexification) and 
subsequent prodigious evolutionary creativity exhibited by CBS 
partaking in lasting cooperative engagements with other CBS. For 
example, the advent of joint ventures, partnerships, tactical and/ or 
strategic alliances, license agreements and cross-organisational 
taskforces is evidence of such synergistic phenomena being employed to 
help deliver on the fervent innovation demands of the complex digital 
econonry. 

> Additionally, such cooperative phenomenon has been examined by 
Nalebuff & Brandenburger (1996) in their theory of 'co-opetition.' Co-
opetition relates to the complementing and 'synergistic' relationships 
which CBS have with other CBS, whereby cooperation leads to the 
development of a larger market, and competition denotes the rules 
participants may use to capture value. Within this framework, CBS are 
complementors if they do not fight for the same scarce resources within 
a time and space and instead develop rules of participation in which 
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each party clearly defines their added value proposition within the 
scheme e.g. Microsoft operating systems and Intel hardware. 

CBS possess a cumulative history 

~ CBS's evolutionary progression is demarcated by a series of bifurcation 
points~ moments where possibilities of system state (i.e. business 
opportunities and possibilities) were constrained after events of both 
wilful and involuntary self-organisation. Accordingly, prior system states 
have influenced present possibilities of state, and the present state 
influences future possibilities of state. 

~ Such phenomenon of complexification and disso!vence highlights the notion 
of an irreversible and subjective system trajectory i.e. an 'arrow of time,' 
whereby a CBS's current structure (form), function and behaviour (i.e. 
phase-space state) is a result of a cumulation of its historical changes. It is 
obvious that CBS have history, and a CBS's future choices are 
constrained to a degree by its current abilities and resources. For 
example the financial history of a CBS is documented within its annual 
reports and financial statements. \Vhile only representing the history of 
a single parameter of the CBS, such statements contain evidence of the 
financial resources which may have acted to constrain the CBS to 
certain activities at certain times. 

CBS may be composite or nested 

~ CBS not only coevolve with other systems, but are often composed of 
large numbers of interacting internal components and agents which may 
themselves be complex. For example, the complex digital econo!l!J is made 
up of numerous industries, which consist of numerous conglomerates 
and organisations which are comprised of business units, workgroups, 
people, partners etc. Due to the nested nature of CAS, emergence may be 
exhibited at various time-space sensitive levels (e.g. local, global and in 
between), as agents generally act on information extracted from their 
local environment. This introduces a local-global knowledge 
problematic, whereby solutions and approaches may be se!fsimilaracross 
different CAS and CAS subsystems, but are unlikely to be exactly the 
same or within the same scale. 

Spontaneous and voluntarv self-organisation 

~ \'\!hen nonlinear feedback in CBS sees them pushed toward states far-
from-equilibni1m, they may be forced to te!forga11ise in order to survive and 
maintain integration. Se!forganisation represents the intrinsic ability of a 
CBS to spontaneously reorder (or pattern) its structure (form), function 
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and/ or behaviour in a coherent manner without a pre-imposed or 
hierarchically sanctioned internal or external mandate. Such events 
signal a bif11rcation of system trajectory and emetgence in overall CAS 
structure (form), function and/or behaviour; a temporal evolutionary 
trend toward a greater 'order for purpose' and generally too, toward a 
greater complexity. 

~ Within the human domain, not all self-organisation (emergence) is fortuitous. 
While living systems process information about their environment and 
structurally couple \vith it in ways give rise to autocatalytic processes 
driving their involuntary teleonomy, human systems possess advanced 
agency. As CBS are complex human .rystems, they are able to exercise 
measures of se(fdetenninism over their social evolution, and can choose 
when, where and if to apply human know-how toward innovation the 
enactment of strategies and the achievement of goals. This includes the 
wilful injection and amplification of the various control parameters 
affecting emergence. Such capacities provide that CBS may contribute 
significantly to the process of their own enhanced purposefulness i.e. a 
certain voluntary teleono"(J (Coming, 1995). In certain cases, this may 
lead to a group-level (social) transformation of identity in which the 
CBS's structure (form), function and/or behaviour radically evolves. 
The. continuous spawning off new ventures as enacted by Amazon, 
eBay, Google etc. is an example of group-level (social) transformation, 
and even separation of CBS identity. 

~ As a result of the innate capacity of CBS and its complex environment 
to se!forganise, the enactment of operational measures toward longer-
term strategic planning may be of little positive effect. Instead, the CBS 
may benefit from self-induced 'bounded instabilities,' which draw out 
the natural nonlinearity of the system and the business ecology to produce 
both novel and larger-scale outcomes. Alternatively, the CBS may 
analyse noise in the margins of non-equilibrium in an attempt to detect 
and select patterns which may signal the emergence of new market 
possibilities, at which time an investment in an amplification and 
capitalisation of such, may provide for particular first-mover 
advantages. 

CBS cannot be described bv the sum of their parts 

~ Due to nonlinear feedback relationships, a high-degree of coupling 
between the control parameters within the system, coevolution and open 
system boundaries, it is difficult, if not impossible to reduce a CBS 
(structurally, functionally or behaviourally) into recursively smaller parts 
for examination. 
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• As a CBS's current state represents a historical cumulation of past 
aggregated events of spontaneous self-organisation (emergence) and its 
interaction with its environment (business ecoloJJJ), it cannot be examined 
outside of its current wholly engaged existence i.e. its 'in-use' context. 
As such, CBS resist reductionism-orientated analyses and instead require 
.rystemic or heuristic-based approaches. 

Subsystems exhibit self-similar structure, function and behaviour 

• In general, by examining the structure (form), function and behaviour 
of a single CBS (or CBS subsystem), fractals allow for inferences to be 
made regarding that system's micro and macro states which may indeed 
be self-similar. For example, at descending levels of CBS subsystems 
(business entity, business units, workgroups, people etc.), similar value 
exchanges may be observed (e.g. products, services, time, money, 
information and knowledge). By knowing this, patterns of se!forganising 
behaviour detected at certain lower levels of CBS organisation (e.g. 
local branch), may signal emergence at the higher, possibly even global 
scale. 

Balances between chaos and order 

• The most successful systems in the evolutionary game address the need 
for context sensitive balances between chaos and order; openness and 
control. A degree of inbuilt openness is required to support the 
nonlinear potential of the CBS and allow it to evolve and se!forganise, 
while a degree of inbuilt structure and control (e.g. negative feedback) 
ensures that any emergence is in relative alignment with the goals and 
strategies of the CBS as a whole. Such balances are expected to be 
continuously redefined based on the regenerative reality of the CAS 
immersed within the demands of its greater b11siness ecoloJJJ. 

• The critical limitation of the 'company as machine' metaphor, resides in 
its inability to account for self-actualising agent and CBS behaviour as is 
imposes rules, formalisation and depersonalisation which warrants 
incapacities for individual and collective learning and creativity (Stacey, 
2001). As such, to maintain learning capacity, the CBS should achieve a 
state whereby it is both in control and out of control at the same time 
(Dooley, Johnson et al, 1995). Consequently, there exists two very 
different classes of methods, some emergent and some structured, but 
both immensely important to achieving the necessary balance between 
flexibility and stability of CBS structure (form), function and behaviour 
within the complex digital econonry (Stacey, 1996, Capra, 2002). 
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Evolutionary Innovation and knowledge creation 

~ All knowledge-intensive CBS are adaptive learning systems, able to 
wilfully apply existing knowledge and human know-how to the 
development of new knowledge and purposive innovation. In the 
specific case of CBS (as opposed to other learning CAS), 'evolutionary 
innovation' is related to a voluntary ability to generate new knowledge 
pursuant with the achievement of a higher 'order for purpose' within 
the organisational system (i.e. to respond to, or to instigate change). 
This provides CBS with the unique ability to act in ways which may self-
actualise their own evolutionary position. 

~ 'Evolutionary innovation' represents a unique challenge for CBS. It is 
via learning (new knowledge creation and/ or innovation) that the CBS 
is able to defy the intrinsic predisposition of the physical world to tend 
toward a state of maximum disorder. By learning, CBS's realise more 
purposive levels of order i.e. structures (forms), functions and/ or 
behaviours better fitting the demands of their evolving business ecology, 
thus reducing internal disorder and incongruence between strategic and 
market reality. \Vithout purposive learning, and the ability to enact 
processes of interaction and creativity, the CBS may become rigid, 
unable to exchange 'real' value (e.g. products, services, time, money, 
information and knowledge) with its environment. 'Real' in this sense 
relates to a value to which someone else is willing to exchange 
something back103

• Consequently, if closed from its environment and 
incapable of evolving, the CBS may become increasingly disordered and 
unable to perform purposive work, destined to a fate comparable to 
'thermal death.' 

4.5.1.2 The CBS framework 

Now that the fundamental building blocks of the framework have been elicited, 

they must be constructed in a manner which enables a practitioner to know when, 

where and how to apply them. To this end, this section adopts Gero (1990)'s 

Function-Behaviour-Structure (FBS) approachxxxiv which defines the following 
elements of design: 

~ Function: The teleology of CBS i.e. what is the purpose of CBS? 

~ Behaviour: The attributes that are derived or expected to be derived 

xxxiv Later expanded in Gero & Kannengiesser (2004). 
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from the dynamic interplay of the CBS's structural elements i.e. what do 
CBS do? 

> Structure: The structure of CBS components and their relationships 
i.e. what it CBS comprised of? 

This approach was chosen as it demands a clear articulation of not only the 

structural composition of what CBS entails, but also how its composite elements 

relate and interact to deliver its unique function and purpose. In addition to the 

above three (3) elements, the idea of '(P)rinciples' shall also be layered onto the 

FBS framework, as to particular problem space 'Applicability Criteria' which merit 

a usage of the CBS framework in the first place (see Figure XI below). Together, 

a clear theoretical framework for the application of CBS toward the examination 

of a particular object (i.e. system and/or subsystem) may be derived: 

Figure XI : Elements of the Complex Business Systems (CBS) framework 
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In order to employ the CBS framework, the following should be examined: 

1 l Applicability criteria 

The following criteria govern the suitability of CBS as a framework for examining 

a particular object (i.e. system and/ or subsystem): 

> As CBS deals with organisational business systems i.e. complex human 
systems, the object undergoing inspection must comprise agents which 
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exhibit se!f-reflective complexity. 

> TI1e object undergoing inspection is expected to learn, adapt and exhibit 
changes in structure (form), function and behaviour as the examination 
occurs. 

> The object undergoing inspection employs technology tools to assist in 
the extraction and assessment of environmental information as well as 
for improving decision making. 

> The object undergoing inspection is 'in use' at the time of investigation 
such that the object's operation cannot be wholly separated from the 
process of data capture and analysis. 

> The problem space is .rystemic in nature meaning that new super 
structures (forms), functions and behaviours may emerge during 
investigation. 

> The researcher and/ or analyst themselves may both influence, and be 
influenced by an examination of the problem space. 

> The scale of the problem space is not of concern, nor the resources 
required to carry out the examination. CBS as a framework is suitable 
for any size of complex organisational business system. 

2) Function 

This element of the framework is comprised of the building blocks related to CBS 

function. In other words, the following characteristics are functional aspects of 

CBS which should be considered when examining the particular object (i.e. system 

and/ or subsystem): 

> Balances between chaos and order"xxv 

> Evolutionary innovation and knowledge creation 

NB: These building blocks (heuristic considerations) are described in the section 

above. 

3) Structure 

This element of the framework is comprised of the building blocks related to CBS 

structure (form). In other words, the following characteristics are structural 

xxxv Wh'.1e intimate!~ linked to structure and behaviour, this building block is so fundam~ntal to 
CBS existence that 1t represents one of the primary goals (functions) of the system. 
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aspects of CBS which should be considered when examining the particular object 

(i.e. system and/ or subsystem): 

• Individual and collective value schemas 

• System boundaries are open 

• Complex control parameters exist 

• CBS exist within a transformative ecology 

• CBS may be composite or nested 

• Subsystems exhibit self-similar structure, function and behaviour 

• Relationships contain feedback loops 

NB: These building blocks (heuristic considerations) are described in the section 

above. 

4) Behaviour 

This element of the framework is comprised of the building blocks related to CBS 

behaviour. In other. words, the following characteristics are behavioural aspects 

of CBS which should be considered when examining the particular object (i.e. 

system and/ or subsystem): 

• Agent connection and interaction 

• Nonlinear, dynamical and emergent behaviour 

• Coevolution and synergistic phenomenon 

• Spontaneous and voluntary self-organisation 

• Diversity, niches and 'weak ties' drive evolution 

NB: These building blocks (heuristic considerations) are described in the section 

above. 

5) Principles 

This element of the framework is comprised of the building blocks underpinning 

overall CBS function, behaviour and structure. They help to provide context and 

guidance toward the examination of the particular problem space: 

• System boundaries are difficult to frame 
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> Signal quality, information quality and trust underpin interaction 

> CBS cannot be described by the sum of their parts 

> CBS possess a cumulative history 

NB: These building blocks (heuristic considerations) are described in the section 

above. 

4.5.2 A Constructivist-like organisational system reality 

Ultimately, a complex view of organisational system reality (the perspective of 

CBS) requires an appreciation for the relative interconnection of the individual 

and collective within the ever-construction of market and organisational reality. 

The same position is visible in Stacey (2001), who delves into facets of sociology 

to provide a philosophical foundation for his 'complex responsive process' view 

of the organisation. In this view he calls upon a 'transformative teleology', an 

apparent regenerative purposefulness of structure (form), function and/ or 

behaviour in which: 

" ... the future is under the perpetual construction through continuous 
processes of relating, which have the inherent, spontaneous capacity for 
coherent patterning, paradoxically displaying both continuity and potential 
transformation at the same time" (Stacey, 2001, pg. 68). 

Such a view ultimately purports that within a social organisational reality, the 

individual and the collective (macro states) can be described only in reference to 

each other. For example with modern organisational systems' structure tending 

toward an extended project-orientated form (participation within multiple social 

groupings) and ICT supporting the dynamic interaction of agents across fuzzy 

subsystem boundaries, it is difficult to express where one system ends and the 

other begins. Stacey (2001) further expands this view into a perspective on social 

Constructivism in which the interwoven pattern of human interactions 

precipitates indissoluble relationships, thus, ultimately proposing a fusion of 

organisational system ontology104
• This view is in contrast to Nonaka and 

Takeuchi (1995)'s original work on 'dimensions of knowledge creation', who 

while looking at the same, saw a distinction between ontological levels. However, 

since then Nonaka and Nishiguchi (2001) and von Krogh, Ichijo and Nonaka 
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(2000) have revisited their position on the individual and social dynamic and settle 

upon a similar Constructivist-like view of knowledge creation over a pure linear 

and Cognitivist (rational information processing) view. 

In discussing such Cognitivist versus Constructivist epistemologies, von Krogh 

and Roos (1995)'s concur with Stacey (2001)'s supposition regarding an inability 

to objectively separate ontological levels105
, and emphasise a perspective of 

knowledge which emerges and resides not only in the individual, but within the 

continuous coupling of that individual to its social and natural environment (e.g. 

through language or social engagement). Such a Constructivist view suggests that 

within organisational systems and their operational environments, there may be 

no objective truth waiting to be found but instead, meaningful reality (e.g. market 

reality) is forever co-created within a social context; where objectivity and 

subjectivity are indissolubly fused together. Truth and meaning may instead be 

assumed with spatiotemporal subjectivity and emerge in and out of our 

engagement with the experienced realities of our world; a 'weltanschauung' (world 

view) which closely correlates with our actual experience (Crotty, 1998). Thus, 

the value of a Complex Business Systems (CBS) view may reside it its ability to 

marry Constructivist-like beliefs upon an interconnected ontology; a potentially 

compelling alternate epistemological directive for modern business systems. 

4.5.3 Complex Business Systems: An ontological perspective 

Acknowledgement of a complex view of organisational system reality lies at the 

heart of challenging beliefs in linear and wholly prescriptive business processes 

and outcomes. While made plausible by beliefs in the 'company as machine' 

allegory, Objectivist and reductionist-influenced methodologies are increasingly 

less suitable for the dynamical interplay of CBS (de Geus, 1999). Within CBS, 

human agents partake within numerous, temporally fluctuating social 

permutations and memberships to various groupings (e.g. organisational, 

wo_rkgroup, religious, sporting or community groups), providing that no one 

single human agent's 'internal model' or value schema is likely to be the same (or 

remain the same over rime). Indeed, while it is likely that a human agent will 

participate more actively in one particular role, it is not possible to dearly define 
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and enclose that agent's behaviour and involvement within other roles (Stacey, 

2001); a-paradox heightened by the remote and mobile capacities of the digital 

workplace. Additionally, some agent interactions occur under formalised 

structures and arrangements (e.g. project-based teams), whilst others occur over 

informal and often casual social connections (e.g. friends, colleagues and 

associates). Even within a hierarchically structured organisation itself, agents 

without direct lines of reporting form social 'shadow networks' which fall outside 

of the official lines of communication (Stacey, 1996). Therefore, within the 

complex view, there are effectively no explicit system boundaries, no explicit 

agent interactions and no explicit or wholly rational, decomposable motivations. 

Participant's links and value perceptions within the business ecology (landscape) 

constantly change due to shifting and/ or evolving individual and collective goals, 

beliefs, values or strategies. Subsequently, the operational environment of CBS is 

highly volatile and uncertain, requiting more sy•stemic, context sensitive approaches 

(i.e. heuristic-orientated methods) to organisational system development, 

especially in the area of ICTs which promote the complex parameters of market 

and organisational system emergence. 

Today's b11s1itess ecology is continually co-constructed and co-created vta the 

dynamic interaction and engagement of agents (and other CBS) in the landscape; a 

dynamic environment where agents and systems self-organise, expire and transform 

identity (both socially and culturally). The existence of nonlinear feedback 

relationships106
, high-degrees of coupling, coevolution and open system boundaries, 

ultimately makes is impossible to reduce a CBS (structurally, functionally or 

behaviourally) into recursively smaller parts for .rystematic examination. Indeed, 

while at any one time a structure between human agents, groupings of agents and 

their relations may be visible and measurable, it is doubtful that it shall remain 

constant for long enough to enact many strategies, polices or procedures. For 

these reasons, the ontological perspective of CBS adopted within this thesis is one 

where there are no clear objectively-describable divisions between levels (see 

Figure XII below). Instead, the ontological dimension of CBS is intermeshed; a 

non-decomposable existence, whereby an agent or business system exists and 

depends upon the multi-level context provided to it by other agents and systems. 

132 



Framework design 

Figure XII : An ontology for Complex Business Systems (CBS) ('snapshot') 
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The primary implication of such an ontological perspective is that organisational 

system methodologiesxxxvi (and subsequent processes, approaches and methods) 

which posit a human intervention are unlikely to be able to be prescriptive or 

universally applicable. Accordingly, it is improbable that .rystematic, or reductionist-

influenced approaches to organisational design and the processes of its 

transformation shall yield positive lasting results e.g. BPR107
• In the face of 

uncertainty as induced via a regenerative and transformative complex digital economy 

(business ecology), those CBS able to better connect, interact, colJaborate and adapt 

are seemingly better placed to maintain an advantage. To achieve this end, 'softer' 

organisational methodologies may be required. Such methodologies (e.g. 

Checkland's Soft Systems Methodology) accept of the chaos of market and 

organisational system development and cater for spatiotemporal subjectivity 

(relativity) in system behaviour i.e. demand a consideration of a guiding 

'worldview,' as just one of many dimensions for examining a complex problem 

xxxvi Refer to Appendix B : Social research foundations for an explanation of the relationship 
between epistemology, ontology, methodology and method. 
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space. In particular, SSM fosters both learning and appreciation of a problem 

situation that is not regarded as absolute in both space and time; accounting for 

the localisation of social situations in which participants continually negotiate and 

renegotiate with others their perceptions and interpretations of the world 

(Checkland, 1986). In doing so such 'softer' approaches do not necessitate 

assumptions of a wholly rational, objective and linear reality but instead, posit 

guidelines and heuristics under which the individual and collective may seek out 

new meaning and purpose via an active interaction and engagement with their 

environment. Ultimately, 'softer' approaches seek an emergent formation of theory 

as grounded in the data (e.g. emerging agent interactions, connections, beha\riours, 

or reactions), rather than the testing of pre-stated hypothesis whose assumptions 

and environment of experimentation require a certain control which is likely to be 

unattainable in this context. 

4.6 Chapter summary 
\V'ithin this chapter, various theories, models and applications surrounding a 

complex organisational reality have been presented, discussed and synthesised. 

Beginning with an exploration of the multidisciplinary teachings of chaos and 

complexity, this chapter has both outlined the Essential Characteristics of 

Complex Adaptive Systems (CAS) (original contribution 1) and associated a 

working definition of complexity itself. Utilising this groundwork (and 

considerations presented within Section 2.2 Toward the systemic concern) a 

Classification of Complexity is presented (original contribution 2), a contribution 

arguing for a separation of the uniquely human se!frejlective complexity. 

Subsequently, complex human .rystems are proposed as the single class of known 

systems exhibiting such a level of complexity; the ability to make wilful decisions 

and act in ways which may contribute significantly to the process of their own 

enhanced purposefulness i.e. exhibit a voluntary teleonomy. Whilst not scrutinising 

this se!freflective P<?tential in great detail (outside the scope of this research), this 

chapter advocates that such a level of complexity is essential to understanding the 

complex parameters of modern organisational system development as well as the 

roles which knowledge management and emerging online social ICTs may play in the 

'evolutionary innovation' of the modern organisational systems. To assist in this 
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endeavour, a third research contribution is offered, that being the theoretical 

framework of Complex Business System (CBS). CBS are purported to be 

complex adaptive human systems i.e. dynamical, nonlinear learning systems 

exhibiting various behavioural traits and developmental directives (as discussed 

within Section 4.5.1 : A theoretical framework for Complex Business Systems). 

They are also professed to exhibit an interwoven and non-decomposable 

ontology; an existence which is increasingly evident as advancements in mobile 

and remote ICTs facilitate enhanced human agent interaction and participation 

within multiple, often remote and diverse social groupings. Such considerations 

call for 'softer' organisational methodological approaches which connect and 

engage the CBS to its b11siness ecology to unlock the innovative potential of its 

extended networks and relationships, a potential means by which the CBS may 

progress, assert its evolutionary position and sustain competitiveness. In doing 

so, the theoretical perspective of CBS enables dear direction for the design and 

development of interactive, multi-participant, online social ICT business systems; 

systems which are often highly coupled with both business models and modes of 

operation. 
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Chapter 5. Knowledge networking within 
Complex Business Systems 

Introduction 

In order to fully illustrate how the theoretical framework for Complex Business Systems 
(CBS) (as proposed in Section 4.5) may be applied, this chapter examines the emerging 
subject area of online knonJ/edge networking. In particular, it focuses upon the development 
of an online social ICT system within the Small to Medium Enterprise10s (S~fE) and 
professional knowledge worker space. This selection was made not only for its ability to 
suitably demonstrate the framework, but also because this subject area represents a vast, 
yet largely untapped, source of innovation and social wealth. Indeed, the digital and 
organic connection of SMEs and knowledge workers is emerging as a field of research in 
itself, with the Institute of Electrical and Electronics Engineers (IEEE) holding its 
inaugural international conference for digital ecosystems and technologies in early 2007. 
Specifically, this chapter delivers a high-level functional design of an Online Knowledge 
Networking Application (OKNA) supportive of SME and professional k1101vledge worker 
innovation and partnership within the complex digital econo1try. In doing so, it provides 
groundwork for a real application of the contributions proposed in Section 4.5 i.e. a 
foundation for the future validation and verification of the framework's suitability as a 
heuristic guideline underpinning the analysis, design and development of complex digital 
business !]Siems. 

Chapter structure 

5.1 BACKGROUND 
5.2 THE EMERGING SME LANDSCAPE 

5.2. l Problems and opportunities 
5.3 AN ONLINE KNOWLEDGE NETWORKING APPLICATION - ORIGINAL CONTRIBUTION 4 

5.3.l What is online knowledge networking? 
5.3.2 The mission 
5.3.3 OKNA scope 
5.3.4 Objectives 
5.3.5 Summary of issues, assumptions and limitations 

5.4 HIGH-LEVEL FUNCTIONAL DESIGN OF THE OKNA 
5.4.l The OKNA-An operational concept 
5.4.2 The OKNA - Key functional requirements 
5.4.3 The OKNA - Requirements categorisation 
5.4.4 OKNA high-level functional design (meme-map) 
5.4.5 The OKNA prototype 

5.5 CHAPTER SUMMARY 
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5.1 Background 
As discussed in Section 4.4.4 : A new type of knowledge management?. proficient 

knowledge creation and/ or acquisition are important to the sustained 

development of the knowledge-intensive Complex Business System (CBS). 

Knowledge creation and innovation are the means by which an organisation 

maintains a congruent strategic and market reality and hence too, remains 

competitive. However, it is progressively challenging for organisations to uphold 

such an alignment within an increasingly connected and volatile business ecology. 

While it has only been a few years since the Internet and mobile technologies 

revolutionised the world of business, the more recent boom of Web2.0 online social 

networking and experience sharing is taking levels of human interaction and 

participation to unprecedented highs. Consequently, new problems (threats) and 

opportunities are surfacing for organisational systems, as opening up to the new 

channels of information exchange and dialogue affords not only new avenues for 

value creation, but the potential destruction of existing practices and norms. 

While the full effects of the new interactive paradigm cannot be conclusively 

known at this time, the emerging landscape has the potential to be as significant 

to business as the first Internet revolution itself. The complex digital economy forces 

a rethink of the primary role of !CT from that of mere utility, to one which can 

extract more out of everyday human interactions, including as a platform for 

collating and recording the quality of human experiences. Additionally, in similar 

ways to that of the MySpace (myspace.com) trend, participative phenomenon also 

present the opportunity for organisational systems to propagate their own 

dynamic operational environment and gain strategic advantage via leveraging their 

relationship and network capital. In due course, traditional informational 

boundaries between consumers, professionals and businesses are fading, and in 

their place a new era of open information exchange and participant connectivity 

and contribution is rising. The promising new 1Veb2.0 era is employing the 

interactive Internet platform to improve and strengthen personal networking and 

relationships, stimulate the exchange of ideas and values, amplify personal 

opinions, build reputations and catalyse the development of new products and 
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services via the subsequent data mining (and farming) of permission-based 

contributions. Indeed, in amplifying the complex control parameters of information, 

connectivity and agent schema diversity; H:7eb2.0 is encouraging an increasingly 

spontaneous, interconnected and volatile business environment. The challenge is 

now for CBS to tap into online relationship building, collaboration and 

conversation to become active participants within of the imminent next chapter 

of the b11stitess ecolog), and not just passive bystanders. 

5.2 The emerging SME landscape 
SMEs form the backbone of most developed economies. They are a key source 

of employment, are fundamental to local community development and represent 

an untapped source of entrepreneurship and innovation (ACID, 1996, Nachira, 

Chiozza et al, 2002). \Vithin Australia, SMEs contribute about 42 per cent of 

Gross Domestic Product (GDP) and number over 1.2 million businesses 

(Abernethy, 2002, ABS, 2004). They employ up to 80 per cent of the workforce 

and make up about 99 per cent of all enterprises•m;; (Hall, 1995). Owing to such 

figures, it is no surprise that growth in national economic wealth comes largely 

from SMEs, yet few have sufficient personal resources to carry though the 

development of new ideas and business opportunities (ACID, 1996). Such 

problems are also faced by sole business operators, which currently represent one 

of the fastest growing segments in the Australian business community (ABS, 

2004). Thus, even within this exciting information age, key issues hold back the 

individual and collective potential of SMEs, including technology uptake, 

knowledge transfer, human resource development, red tape and access and 

finance (Hall, 1995). Historically, such roadblocks have dampened the wholesale 

embrace of ICT within the SME community and have seen SMEs generally adopt 

the position of 'follower' in the technology game; an approach which has resulted 

in a digital divide appearing between them and larger business operations 

(Nachira, Chiozza et al, 2002). Despite this, inroads have been made and SMEs 

are increasingly becoming more open minded to the usage of technology, 

especially in the cost-effective areas of Internet and eCommerce, as they provide 

:xxxvii Similar percentage figures are also held in Europe (Nachira, Chiozza el al., 2002). 
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SMEs a certain geographical spread and scale of operation not able to be 

otherwise easily accessed (Abernethy, 2002). Indeed, today's generation of 

entrepreneurs are faced with an increasingly global marketplace boasting lower 

cost of entry barriers than before, yet expecting much higher standards of service 

and quality (Abernethy, 2002). 

More specifically, in Australia, the Sensis 2006 (annual) e-Business Report 

documented the following statistics related to 'The Online Experience of Small 

and Medium Enterprises' (including household usage): 

> 90 per cent of all""xvui SMEs109 use the Internet (up 2 per cent on 2005), 
with email (to communicate with clients, customers and suppliers etc.) 
remaining as the primary reason for use (97%). The second most 
significant reason for Internet usage was for finding information about 
products and services (91 %), while third highest was to undertake 
research and find reference information (89%). Also of note, 82 per 
cent of all SMEs used the Internet for banking and 67 per cent 
employed the medium to streamline staff and customer communication. 
However, in terms of business development activity, only 43 per cent of 
all SMEs used the Internet to monitor their markets and competition, 
with 30 per cent seeing email related marketing and promotion useful. 
Finally, only 19 percent advertised their business online. 

> 96 per cent of all SMEs own computer related equipment (up 1 per cent 
on 2005), "\vith a significant increase in ownership of notebook 
computers (up 6 per cent on 2005). 50 per cent of all SMEs now own 
at ieast one notebook computer. 

> 74 per cent of Australian households are Internet enabled, with 49 per 
cent (overall) having broadband connections. 49 per cent of Australians 
have made online purchases. 

> 82 per cent of Australian households have a computer of some 
description. 

> 48 per cent of small businesses have a website, "\vhile 80 per cent of 
medium businesses have a website. This represented a small increase 
(1 %) in the small business space and a small decrease (1 %) in the 
medium enterprise space compared to 2005 figures. The majority of 

uxviii All "small" (i.e. less than 20 full-time employees) and "medium" (i.e. between 20 and 200 full-
time employees) enterprises. 
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SMEs rate their website as being effective (67%), and stated that their 
website was primarily used to enable people to easily obtain information 
about their business. 

• 60 per cent of all SMEs (up 7 per cent on 2005) are using the Internet 
for procurement (placing orders for products and services). The most 
common online purchases made were airline bookings, stock and 
merchandise, computer software, equipment and stationery. 

• 47 per cent of all SMEs (up 6 per cent on 2005) are using the Internet 
to take orders, while 53 per cent (up 3 per cent on 2005) received 
payments from online sales. However, only 12 per cent of SMEs who 
used e-commerce to make sales conducted the majority of their overall 
sales · online. 39 per cent of SMEs believed they had no use for e-
commerce. 

• A number of 'major concerns' existed in relation to e-commerce (all 
SMEs) including, security and 'hackability' of their systems (49%), lack 
of expertise and knowledge (28%), cost and effort to implement (22%), 
lack of personal contact (22%) and cost of hardware and software 
(19%). 

> On the list of least 'major concerns' were, customers not being ready 
for e-commerce (14%), giving consumers the ability to make easy 
product comparisons (12%) and incompatibility with existing systems 
(16%). 

These figures suggest that Internet usage and exposure within the SME space 

remains primarily motivated by the need to find efficiencies in sales and 

operational management activities and for information acquisition (both by the 

SME and about the SME). The figures also suggest that while general access and 

usage of Internet technologies remains reasonably high, an employment of the 

medium for business development activities remains low, potentially due to 

deficiencies in ICT knowledge and experience, security, perceived costs and 

constraints on time and effort. It is here where the accessibility and low barriers 

of entry presented by new Internet technologies (like Web2.0) may be positioned 

to jump-start online SME interaction, creating a global breeding ground for 

entrepreneurship, partnership and new business innovations and ideas 

(Abernethy, 2002, Nachira, Chiozza et al, 2002). Indeed, the emerging interactive 

Internet platform not only scales-up and streamlines operations, but assists with 
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business development by enabling professional networking, relationship 

management, knowledge exchange and the propagation of reputation and trust. 

As a result, l"f7eb2.0 presents an imminent change (and opportunity) to the 

operational space of modern SMEs. It is motivations like these which have 

prompted the Information Society Technology Program of the European 

Commission to foster an ambitious project into the development of knowledge-

based, networked business systems of SMEs. The goal of this three (3) year €14m 

pan-European project is to develop a Digital Business Ecosystem (DBE) 

consisting of Internet-based 'evolutionary' and se!fotganising digital technology, 

providing SMEs with world-class business development tools and services. These 

ecosystems intend to support greater inclusion, local innovation, partnership and 

development opportunities by connecting SMEs to wider, more diverse networks 

of expertise via a common channel infrastructure. By doing so, savvy S~fEs and 

professional knowledge workers are being presented with new found efficiencies and 

opportunities (new value prospects and services) upon what is a revitalised and 

interactive Internet; the platform for the next generation in collaborative and 

relationship driven business. Coupled with the increase of (autonomous and 

increasingly mobile) professional knowledge workers and the dawn of the 

'knowledgeable consumer', the reality of business in the complex digital economy is 

increasingly one of amplified information flow, participation, interaction, 

diversity, connectivity and subsequently volatile market emetgence. 

However, while it may seem that the days of a static 'business card' website may 

be numbered, short-term money-making endeavors have ingrained a 'traffic-

thinking' mindset, whereby referring visitors to a promotional website is 

seemingly all that matters, or is indeed possible. Reinforced by the domination of 

Internet advertising giants like Google, Overture Cf ahoo! Search Marketing) and 

MSN, cost-per-click marketing models govern the landscape. Due to the 

enormity of the Internet, search marketing and Search Engine Optimisation 

(SEO) have become prevailing themes in the quest to be found. Due to this, 

SMEs often find it difficult to see the Internet offering any other type of value 

outside that of attracting prospective customers Oeads), a practice not dissimilar to 

traditional print and broadcast media promotion. Thus, while 'traffic-thinking' 
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may be conducive to increased short-term sales, it frequently reduces the 

perceived utility of lV'eb2.0 technology, which is often viewed in the same 

restricted light. 

Nevertheless, such simplistic and single-sighted 'traffic-thinking' mindsets are 

being challenged, with biogs enabling anyone to become subject matter experts 

and contribute to the spread of ideas and concepts; on line social nehvorki11g enabling 

business owners and professionals to get immediate access to myriad contacts and 

business introductions; reputation management systems enabling trustworthy and 

reliable constituents to rise above their competition and permission-based data 

mining enabling the detection of new market trends. It also represents new 

opportunities for service-orientated offerings, which while accounting for the lion 

share of professional vocation110
, seemingly always give way to product-orientated 

promotion on the Internet. The Internet platform itself may also represent a 

common channel for mass Business-to-Business (B2B) engagement, including for 

procurement, financial transaction and settlement. Indeed, the interactive 

Internet can serve many other purposes other than just attracting customer leads, 

but before wholesale acceptance of the platform may be appreciated, many 

obstacles remain to be overcome. 

5.2.1 Problems and opportunities 

Within the emerging and digitally connected SME landscape, many problems and 

opportunities exist. This section briefly lists some of the many issues currently 

faced by SMEs and professional knowledge workers which deliver products and 

services to consumers within Australia. These issues have been extracted from 

numerous sources including the Sensis 2006 (annual) e-Business Report, the 

discussion of the emerging paradigm of complex digital business (as outlined in 

Chapter 2 : Review and discussion) and from informal interactions111 ~nd 

investigations with SMEs and knowledge workers. Finally, if not otherwise stated 

explicitly below as a 'source,' the background for many of these problems and 

opportunities may be found in the summary of literature as posited in Section 

2.1.9: A summary of values. beliefs and challenges. 
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Table IV: Problems and opportunities 

Consumers looking for and producing product information online 

Consumers are looking online for information regarding purchasing decisions 
(and increasingly for comparison). Additionally, consumer communities online 
are increasingly becoming a source of support information, often more so than 
the product vendors themselves. 

Implication or 'Implied need' 112 

SMEs should provide up-to-date, accurate and concise data, and increasingly 
expose themselves to online mediums for feedback, evaluation, validation, 
collaboration and promotion. 

Source/s 

Sensis (2006) and Bradley (2007). 

Trust and reputation both factors in purchasing decisions 

Consumers tend to purchase higher-end products and services from people 
they know and trust and after they feel they have been adequately informed of 
the purchasing (problem) situation. Consequently, those SMEs with a strong 
brand and reputation command consumer trust and loyalty and are generally 
able to charge higher prices for their efforts. For high-relationship products 
and services, many consumers will show loyalty to businesses and professionals 
whom create a personalised experience and connection with them. 

Implication or 'Implied need' 

SMEs should not only seek customer information, but also develop strategies 
for managing their customer networks, relationships and reputation online. 
Additionally, in higher-end sales, consumers generally engage with SME staff on 
a personal level. For these reasons, customer feedback and testimonials (about 
the business, its professionals and the products/services it offers) represents a 
proven way to create transparency in operations, breeding consumer trust and 
loyalty. When amplified using online mediums, such methods may unlock new 
sustainable word-of-mouth markets i.e. a very cost-effective marketing strategy. 

Source/s 

Masum & Zhang (2004), Vandenbosch & Dawar (2004), Ziegler & L'lusen 
(2005), Despotovic & Aberer (2006) and Honeywill & Byth (2006). 
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Consumers demanding more of evervthing 

Consumers demanding higher standards of service, efficiency, relevance and 
quality from SMEs and professionals. 

Implication or 'implied need' 

SMEs cannot rest on their laurels and should look to continuously innovate and 
deli,•er exceptional service to their customers (on all fronts). Many ICTs exist 
which have low barriers of entry and may assist in the delivery of better overall 
quality of service and efficient response to customer query. 

Source/s 

Abernethy (2002) and Sensis (2006). 

Consumers an active part of the value-creation landscape 

Consumers are both increasingly knowledgeable and willing to communicate 
and participate over online mediums. 

Implication or 'implied need' 

SMEs should find ways to continually engage and understand the changing 
needs and wants of their customers i.e. better know their market. They should 
be looking for ways to leverage off their existing network (customer) capital and 
goodwill to further assert their position and maintain competitive advantage. 
They should also be looking for ways to engage their customers online and 
obtain more information about them (e.g. forums, blogs, feedback and review 
sites, surveys etc.). 

Source/s 

Amidon (1999), Quinn (1999) and Stapleton (2003). 

Difficulties In 'working on your business' 

Difficult for SMEs and professional knowledge workers to find time and place to 
network and perform business development activities i.e. the battle between 
'working in your business' and 'working on your business.' Advanced business 
development activities of partnership filtering, selection and synergy may also 
become more reachable via online social networking and reputation management 
technologies. 

Implication or 'implied need' 

Operating a business in the complex di;!.ital economv is quickly becoming a function 
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of developing working relationships with affiliate and auxiliary service 
providers. Those able to best sustain a 'collaborative advantage' will remain 
competitive and profitable. Developing collaborative partnerships requires 
both efficiency in initial detection and screening of potential candidates as well 
as ongoing communication and interaction. Businesses which are most capable 
of creating and maintaining collaborative partnerships will be those best 
positioned to capitalise on new markets and opportunities. 

Source/s 

Quinn (1999), Amidon (2000), Nachira, Chiozza et al (2002) and Bessant 
(2004). 

Internet as a platform 

Improvement in services offered using the Internet as a platform (i.e. 
Customer Relationship Management (CIU\1), Software as a Service (SaaS) etc.). 

Implication or 'implied need' 

The Internet is gradually being recognised as being able to offer more than just 
advertising and for 'getting leads.' SMEs can now access t~e same types of 
services which large businesses have taken advantage of for years with Software 
as a Service (SaaS) (i.e. pay-as-you-go pricing and delivery of services) enabling 
services like CRM and sales process management to become readily accessible 
(e.g. SalesForce, NetSuite etc.). The Internet is becoming the de facto platform 
for new business applications and services. 

Source/s 

O'Reilly (2005) and Musser (2006). 

Increased online participation at all levels 

Increased online participation and willingness to contribute content at all levels 
(SMEs, professional knoul/edge workers, consumers etc.); individuals with a high 
locus of control. 

Implication or 'Implied need' 

Mass Internet connectivity means society has access to (and is actually driving 
much of) the same informational resources which organisations hold valuable. 
!CT-enabled infrastructure (e.g. the Internet) is becoming the chosen medium 
for the pursuit of individual goals. Opportunity exists to develop facilities for 
people to participate online to network socially and communicate better, 
promoting efficiencies in discovering and acquirin!! contextually sensitive 
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information. Increased online participation also delivers opportunity for 
innovation and partnership through the spreading of ideas and the sharing of 
knowledge across non-traditional boundaries. 

Source/s 

Skyrme (1999), Quinn (2000), Westney (2001), Linder, Jarvenpaa et al. (2004), 
Musser (2006) and Honeywill & Byth (2006). 

Internet employed for market research and validation 

SMEs are beginning to realise the value of the Internet for researching and 
understanding their market (market research and validation) using interactive 
online technologies e.g. online surveys, feedback and customer opinion sites, 
product reviews etc. as well as searching through information about 
competitors. 

Implication or 'Implied need' 

SME owners can increasingly make faster more informed decisions. Sites like 
Linkedln, market analysis tools like Google Trends113 and product feedback 
sites like Epinions are enabling SMEs to be more informed and connected with 
their markets and each other. 

Source/s 

Sensis (2006). 

Customer self-service and autonomy 

Customer self-service features (enabling customers to perform some of their 
own tasks) are growing in usage and acceptance among both business and 
consumers. 

Implication or 'Implied need' 

This provides opportunity to both reduce costs and provides access to valuable 
customer information. 

Source/s 

O'Reilly (2005). 

146 



Knowledge networking within complex business systems 

5.3 An Online Knowledge Networking Application -
original contribution 4 

As discussed in Section 5.2: The emerging SME landscape (above), numerous real 

problems and opportunities exist within the current Australian SME and 

professional knowledge worker landscape. It is the intention of this section to 

address a portion of these issues by proposing a solution which utilises a Web2.0 

ICT knowledge networking approach; referred to herein as the Online Knowledge 

Networking Application (OK.NA). Such an approach is capable of encapsulating 

many of the stated problems and opportunities and is able to draw upon the 

models and implications presented within Chapter 4 : Framework design for 

context and positioning. However, it should be noted that the scope of this thesis 

does not incorporate the actual implementation of an OKNA for use within the 

SME and professional knowledge worker space, nor the verification of its objectives. 

Instead, this research thesis is only concerned with the high-level functional 

design of the OK.NA; a foundation for the future validation and verification of 

the framework's suitability as a heuristic guideline underpinning the analysis, 

design and development of complex digital business {}Siems. The decision to only 

include high-level design was made as an actual implementation of the OK.NA 

would be an enormous undertaking, requiring many real issues to be overcome as 

discussed in Section 5.3.5: Summary of issues (below). 

5.3.1 What is online knowledge networking? 

Before venturing into a discussion of the mission, objectives and functional 

design of the OK.NA, it is useful to define the key concept of online knowledge 

networking as used within this chapter. In previous chapters, the link between 

knowledge creation, innovation and organisational system competitiveness was 

described (refer to Section 2.3 : Knowledge and its management). The 

implications were that those knowledge-intensive organisational systems most 

capable of creating purposive new knowledge (innovation) were most likely to 

survive and thrive within a volatile and uncertain complex digital econo"!J. In Section 

2.1.2 : The networked revolution, the turbulent, yet cooperative environment of 

modern business systems was discussed, as to the growing tendency for 

organisations to extend their relationships into a 'virtual' space to cope \vith 
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growing innovation demands. More recently, the genesis of such new 

organisational knowledge and sources of value have been viewed from the lens of 

011/i11e soda/ net1J1orks and Communities of Practice (CoPs); the social engagement and 

interaction of human agents (Cross, Parker et al, 2001, Davenport & Hall, 2001). 

In particular, CoPs are being regarded as essential building blocks of the 

knowledge-based complex digital eco11ovry, employed within organisational systems as 

extended sources of competitive advantage, organisational learning and 

knowledge (Capra, 2002, Teigland & Wasko, 2004). 

"\Vithin every organization, there is a cluster of interconnected communities 
of practice. The more people are engaged in these informal networks, and 
the more developed and sophisticated the networks are, the better the 
organization will be able to learn, respond creatively to unexpected new 
circumstances, change and evolve. In other words, the organization's 
aliveness resides in its communities of practice" (Capra, 2002, pg. 109). 

In simplest terms, CoPs and 011/ine knowledge networks involve the social connection, 

interaction and engagement of human agents to other agents for the purposes of 

sharing ideas, exchanging opinions, innovation and learning. However, with the 

advent of interactive, online social ICTs (e.g. Web2.0), CoPs are increasingly 

becoming virtual, able to scale up and extend across non-traditional boundaries 

and geographies. Differing greatly from traditional face-to-face networks, these 

Electronic Networks of Practice (ENoPs) have the potential to exploit 'weaker' 

community links and asynchronous communication, enabling greater diversity and 

reach and further encouraging innovative outcomes (Teigland & Wasko, 2004). 

To examine the challenges and opportunities for players within this landscape, the 

umbrella topic of 'knowledge networking within complex business systems' has 

been selected. This subject area intends to encompass the 'virtualisation' of social 

networks and CoPs upon a complex and dynamical digital business environment, 

thus laying the foundations for online knowledge networking. 

Within this thesis, the employed definition of online knowledge networking is: 

"Online knowledge networking relates to the ability for human social networking 
and knowledge creation (innovation) to be both enhanced and amplified via 
~nteractive, online social ICTs (like Web2.0). Online knowledge .networking 
involves the efficient fashioning of self-organising and self-sustaining online 
communities upon a common technological infrastructure platform. Such 

148 



Knowledge networking within complex business systems 

networks connect often geographically disparate and . socially diverse 
knowledgeable agents (e.g. professional knowledge workers, consumers etc.), 
providing for effective and efficient information and value exchange. These 
extensible, virtual, 24x7 accessible social community spaces, facilitate open 
communication, the sharing of ideas, propagate and reward quality and 
allow for permission-based data mining and trend detection; characteristics 
conducive to innovation, entrepreneurship, partnership and overall system 
development and advancement. Participation within these networks is 
encouraged via a sense of anticipated reciprocity, improved reputation, 
efficacy and community; motivations which reward both established and 
new entrant alike. Online knowledge networks evolve via a dynamic balance of 
openness and structure, relying upon the interaction of their participants 
(social network linkages and communications, feedback, opinions etc.) 
which acts to continuously enhance the overall value, strength and position 
of the system." 

5.3.2 The mission 

The primary mission of the 0 KNA is to: 

Develop foundational I CT-enabled infrastructure capable of providing se!f-
organising services supportive of innovation, entrepreneurship and partnership 
within the knowledge-orientated SME and professional knowledge worker space. 

5.3.3 OKNA scope 
While the problem space is vast, there are certain essential characteristics of the 

OK.NA which shall be investigated as part of this chapter. These elements have 

been selected as they represent the fundamental structural (building blocks) and 

behavioural components of complex organisational systems (refer to Section 4.5 : 

Complex Business Systems). 

These include the virtual mapping of: 

~ Entities (participant agents and groups of agents). 

~ Relationships (social connections between agents). 

~ Informational interactions (communication methods, artefacts etc 
exchanged between agents). 

\'V'hile following sections address many of the peripheral issues and concerns 

regarding online knowledge neml()rking technologies and practices within the complex 

digital economy, for the purposes of this thesis, the high-level design of the OKNA 
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shall centre on, and be constrained by the above three (3) essential elements. To 

attempt to incorporate all potential aspects surrounding such an !CT-enabled 

infrastructure into the OKNA's functional design is outside the scope of this 

application. 

5.3.4 Objectives 

The following items represent the underlying objectives of the OKNA: 

> Promote participation from agents at all levels (SMEs, professional 
kno114edge workers, consumers etc.). 

> Spread ideas and support the sharing of knowledge. 

> Foster the creation of new knowledge (innovation) and new business 
opportunities. 

> Propagate and reward trustworthy and reliable constituents. 

> Capture and improve communication and collaboration. 

> Unlock the innovation potential within agent diversity and variety (i.e. 
'weak ties'). 

> Reduce complexity and assist in decision making. 

> Reduce barriers of entry for new participants, while rewarding 
established members. 

> Identify overlaps in sector interests and areas for partnership and 
customer cross-pollination. 

> Accelerate the process of identification and filtering of partnership 
candidates. 

> 1\fine for patterns and signals of market emergence. 

> Employ participant contributions (and virtual connections) to 
continuously enhance the overall value and strength of the system. 

NB: The verification (testing) of these objectives is outside the scope of this 

research thesis. They have been stated above as guiding principles only. 

5.3.5 Summary of issues, assumptions and limitations 

Whilst the scope of this research only incorporates the high-level functional 

design of the OK.NA, in any 'real' implementation various financial, political 
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environmental and socio-technical issues, threats and assumptions would exist. 

Consequently, within this thesis the OKNA does not attempt to incorporate the 

following into its design discussion or implementation""""': 

OKNA environmental issues 

• Is there a compelling reason to use? Participants should perceive real 
value in its usage and any efforts and/ or costs involved in participating 
should be clearly outweighed by the benefits. 

• Is a 'critical mass' required? Is there criticality in participant membership 
such that real value from the OKNA can only be achieved upon the 
network reaching a certain level of usage? If s~, how then can the 
OKNA overcome the 'catch 22' involved in building up participation to 
self-sustaining levels? 

• Political dynamics (who stands to gain? who stands to lose? etc.). 

• What are the legal and statutory regulations? 

• \Vhat are the OKNA product development and planning issues?: 

• Solution development. 

• Usability and interaction design i.e. accessibility, ease of use etc. 

• Training, support and ongoing management. 

• Financial sponsorship and/or investment (costs if construction). 

• Human resource requirements. 

• Hardware infrastructure requirements (e.g. server processor speed, disk 
capacity, load balancing, bandwidth, performance management, 
platform/hardware limitations etc.). 

• Should the OK.NA be employed for material gain, a number of other 
issues are borne: 

• Financial business model. 

• Market research and market validation. 

• Marketing strategy (launch, advertising, market segmentation, 
promotional activities, affiliations, unique value proposition etc.). 

• Sales process. 

• Operational-level management. 

xxxix This is not intended to be an exhaustive list. 
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Threats to the success of the OKNA)" 

> Reluctance within SMEs to 'rock the boat' or change. Usually, the role 
SME management play is first about ensuring the stability of the current 
operation (and position) and then secondly to improve (change) it. 
Change is a relative unknown and is hence usually feared. 

> Reluctance to adopt new practices, procedures and technologies unless 
absolutely compelled to. To many SMEs and professionals, change 
equals more work (at least at first). This is often the case if they are 
happy and comfortable with their current environment howsoever 
inefficient or ineffective. It is more so the case, if their position is in 
some way threatened by the new technology. The result is an often 
slow acceptance and uptake of new technology and a lack of 
experimentation i.e. tendency to adopt 'follower' behaviour instead. 

> Lack of knowledge of alternatives regarding the use of ICTs toward the 
efficient management of business operations (both front and back 
office). This is often coupled by a lack of easy access to ITC skills and 
knowledge in both implementation and ongoing support and 
management of technical solutions. 

> 'Traffic-thinking' may reduce the perceived utility of other Internet 
technologies i.e. TI7eb2.0. 

> Many SMEs habitually undervalue their existing customer networks and 
do not necessarily see value in obtaining customer information. 

> Commonly, SMEs do not understand the value of tactical partnership 
and customer cross-pollination. 

> Many SMEs fear technology will result in the loss of personal customer 
contact and the ability to 'persuade' purchasing decisions. 

> SMEs have limited access to finance (capital for investment). 

> Limited time and effort. Often SME staff is too. stretched to find the 
time to analyse and understand the benefits of new technology. 

> Differences in the dynamics of service-orientated and product-
orientated enterprises. 

> Perceived 'complicatedness' of the solution. 

xi Thre~ts were identifie~ du~~ the earlier discussions of this chapter as well as through the 
au~or s personal expenenc::e m implementing business software solutions. The list presented is 
not mtend:cJ to be exhausove, but rather to communicate some of the more pertinent issues which 
may stand m the way of a successful implementation of the OKNA. 
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• SMEs hold most valuable the relationships which deliver them their 
advantage. Finding a balance between openness and protection of such 
network links such that their value can be leveraged whilst not seen to 
be threatened is critical. For example, successful established businesses 
know (possibly intuitively) that their networks/ relationships give them 
their advantage (e.g. good suppliers, a good lawyer etc.) and thus, there 
is little value in making them public. Being able to control the referral is 
the means by which they maintain and leverage their network capital 
(position). 

OKNA assumptions and limitations 

• The scope of the OKNA is constrained within the SME and 
professional kn01vledge worker space. No attempt is made to venture 
outside of this e.g. into the larger, enterprise knowledge networking space. 

~ SMEs within the OKNA are to some degree knowledge-intensive or 
skills orientated and employ professionals (potentially knowledge workers) 
in the delivery of products and services to consumers. Unskilled or 
labour-intensive roles are not expected to be of benefit to, or benefit 
from the OKNA. 

• SMEs which primarily deliver goods (without value-added services) . 
through wholesale and retail channels are less likely to both benefit 
from and add to the value of an OKNA. 

5.4 High-level functional design of the OKNA 
\Vhile Section 5.3 : An Online Knowledge Networking Application was 

concerned with an examination of the problems, opportunities, issues and 

heuristic design principles of the OKNA, this section extrapolates its high-level 

functional design. To deliver this foundation, the high-level design draws upon 

the initial three (3) Base Practices (BPs) within the 'Derive and Allocate 

Requirements' process area of the C:M}vfl for Systems Engineering (SEI, 1995). 

In particular: 

BP.02.01 Develop a detailed operational concept of the interaction of the 
system, the user, and the environment, that satisfies the operational need. 

BP.02.02 Identify key requirements that have a strong influence on cost, 
schedule, functionality, risk, or performance. 

153 



Knowledge networking within complex business systems 

BP.02.03 Partition requirements into groups based on established criteria 
(such as similar functionality, performance, or coupling) to facilitate and 
focus the requirements analysis. (SEI, 199 5, p.g. 4-28) 

5.4.1 The OKNA - An operational concept 

The intent of this section is to extract an operational concept which incorporates 

the primary entities, relationships and informational interactions of the OKNA. 

It also includes an investigation of numerous existing Internet-based business 

'frames of reference' and an examination of functional capabilities as warranted by 

the heuristics presented in Section 4.5 : Complex Business Systems). 

5.4.1.1 Who are the participants? 

Within the OK.NA, while the roles may be relatively clear, participation is blurry. 

There are the SMEs themselves (business entities), the SME's team, professional 

knowledge 11,1orkers and consumers, all of which may be, or may be under the control 

of, the same person. Therefore, at an atomic level view there is only a 'person' 

entity, whom may participate within the OK.NA within a number of different 

capacities and intentions. 

In summary, there are three (3) types of interconnected entities: 

1. Business 

> The SME business entity. 

> Delivers products and/ or services to consumers. 

> Employs skilled staff and professionals (possibly customer-facing 
knowledge workers) as well as non-customer facing staff (back office). 

> Directly experiences the issues as presented in Section 5.2.1 : Problems 
and opportunities 

2. Professional 

> Skilled professional, perhaps a knowledge worker. 

> Delivers products and/ or services to consumers (the 'face' of SMEs). 

> Employed by SMEs or may act as a sole trader. 

> Indirectly experiences the issues as presented in Section 5.2.1 
Problems and opportunities 
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3. Consumer 

~ Consumes products and services. 

~ Engage with SMEs and professionals m order to acquire products, 
services and/ or information. 

~ Are increasingly knowledgeable about the products and services they 
seek. 

~ Source of 'on the ground' market intelligence. 

NB: From this point forth, the terms business, professional and consumer shall 

be used to differentiate between these three classes of OKNA participants. 

5.4.1.2 What value exchanges exist? 

In rudimentary terms, professionals, businesses and consumers primarily engage 

each other in order to buy, sell and trade goods and services (exchange value). 

The value exchange (interaction) itself takes many forms, including (but not 

limited to) the following: 

~ Products 

~ Services 

~ Time (potentially as a service) 

~ Money 

~ Information 

~ Knowledge 

5.4.1.3 What are the relationships among participants? 

People (the atomic entity) within the OKNA have many different kinds of 

relationships with other people (autonomous agents) in the OKNA. A SME 

owner may deal with another SME owner in a supply chain deal, or a SME team 

member may provide a service to a consumer. On the other hand, a consumer 

may engage another consumer to discuss the purchase of a product, or a 

professional kno1vledge worker may be looking for a new employment opportunity 

and approach an SME owner. Indeed there are many permutations which exist, 
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of which most may be summarised under the following categories (see also Figure 

XIII below): 

~ Business-to-Business (B2B): Businesses often engage other 
businesses in a number of capacities Goint venture, partnership, 
tactical/ strategic alliance, license agreement, customer/ supplier etc.) and 
for a number of different purposes (e.g. supply-chain procurement, 
advertising or customer cross-pollination). Generally, such 
engagements are sought to efficiently deliver products and/ or services 
to consumers, or to achieve certain competitive advantages. 

~ Business-to-Professional-to-Business (B2P2B): Many businesses 
employ skilled professionals to perform both front and back-office 
functions (some professionals may act as a sole trader). The B2P 
relationship may take on a number of forms including employee, 
consultant, agent or contractor. In many situations, a professional may 
be associated '\vith more than one business. 

> Professional-to-Professional (P2P): Professionals usually engage 
their colleagues and peers (other professionals) in the provision of 
products and/ or services to consumers, or for their personal career 
development and goals. Professionals may engage and interact with 
other professionals within, or external to the business/ es in which they 
are employed. 

> Professional-to-Consumer-to-Professional (P2C2P): Professionals 
generally represent the 'face' of the businesses they are associated with. 
\X!hen consumers interact with a knowledge-orientated business they 
usually interact with the people behind that business and expect 
assistance regarding differentiated options and strategies. Professionals 
build relationships and develop reputations with their customers 
through their service and quality. Many P2C2P relationships outlast the 
duration of the B2P relationship under which the initial meeting may 
have occurred. 

> Consumer-to-Consumer (C2C): Consumers tend to ask their friends 
and peers before making decisions regarding the purchase of products 
and/or services. Consumers look to other's experiences and referrals 
for information that will verify and/ or validate their inclinations and 
usually hold the information obtained as accurate and reliable (or at least 
more accurate and reliable than advertised correspondence). 

~ Business-to-Consumer-to-Business (B2C2B): Businesses ultimately 
offer their products and/ or services to consumers. They advertise their 
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offerings to consumers through various mediums including broadcast 
media, print, online advertising, word-of-mouth campaigns etc. 
Businesses build relationships and develop reputations with their 
customers through their professional service, quality and price. 
Businesses with stronger brands and reputations have premise to ask 
more for their products and/ or services as such qualities reduce the 
complexity of the decision making process for consumers. 

In all instances within the OKNA, the primary communication channel shall be 

person-to-person i.e. involves the social engagement of the two parties, 

potentially augmented by ICT. 

Figure XIII : OKNA social interactions and value exchanges 

B2C2B 

\•aluc 

n~ 
'4' 
(P)rofessional w 

P2P 

5.4.1.4 How do participants communicate? 

In order to exchange value, various forms of communication occur between 

participants. The form of communication is usually dependent upon the type of 

value being exchanged and is often assisted by technology. In general, 

participants communicate via the following means: 

> Face-to-face. 

> Plain old telephone service (POTS) and mobile phone. 

> Mobile phone services including Short Messaging Service (SMS), and 
Multimedia Messaging Service (11MS). 

> Email (direct correspondence, newsletters etc.). 

> Internet (websites, blog sites, forums, RSS etc.). 
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• Printed material Oetters, brochures, catalogues, flyers etc.). 

• Broadcast media (IV, radio, etc.). 

5.4.1.5 Current frames of reference 

There are many existing Internet-based businesses which may provide a sound 

basis from which to examine the high-level functional design of the OK.NA. 

Such 'frames of reference' serve to provide insight into the myriad working and 

proven technologies and business models which may assist in the development of 

anOKNA. 

Table V: OKNA frames of reference 

Business directories 

e.g. getlocal.com.au, mylocal.com.au, yellowpages.com.au, au.local.yahoo.com 
etc. 

Consumers can: 

• Search for local businesses by name, category and/ or location 
(nationally). 

• Find general contact information on local businesses inc. graphical 
adverts. 

• View the location of a business using digital mapping and/ or search 
for products and services within geographical radii. 

Businesses can: 

• Get leads for their business. 

• Display advertisements online. 

• Expose basic information about their products and services (in 
multiple business categories). 

• Pay for premium listings. 

LlnkMe 

link.me.com.au 

., 
'.~ 

~-- : . 
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Professionals can: 

• Leverage their personal networks to manage and advance their career. 

• Customise their web-based profile (online resume). 

• Let job opportunities find them (be found or 'head hunted') 

• Find a job. 

Businesses can: 

• Find high-quality passive candidates (if looking for staff). 

llnkedln 

linkedin.com 

Professionals can: 

• Link-in friends and colleagues and network online. 

• Customise their web-based profile. 

• Let job opportunities find them. 

• Find business contacts, potential clients, service providers, subject 
experts, and partners who come recommended. 

• Discover inside connections that can help them land jobs and close 
deals. 

• Leverage their 'six degrees of separation' and get introduced to other 
professionals through the people you know. Llnkedln refer to this 
concept in their slogan 'relationships matter.' 

Businesses can: 

• Find high-quality passive candidates (if looking for staff). 

I Karma 

ikarma.com 

Professionals (and business owners) can: 

• Manage their word-of-mouth and build their reputation by capturing 
customer testimonials online. 

• Display testimonials online. 

• Improve their sales conversion rates. 
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> Get customer referrals. 

> Link-in friends and colleagues and network online. 

Consumers can: 

> Locate trustworthy businesses and professionals (especially important 
for service-orientated offerings). 

> Take advantage of 'tagging114
' technology to index and search through 

information. 

Jigsaw 

jigsaw.com 

Professionals (and business owners) can: 

> Search for the people behind businesses in categories (e.g. executives, 
sales, HR, ICT, marketing etc). 

> Find business contacts and make introductions. 

> Buy and trade business contacts. 

> Initiate deals. 

Citvsearch 

ci tysearch.com.au 

Consumers can: 

> Search for local businesses by name, category and/ or location 
(nationally). 

> Find general contact information on local businesses inc. graphical 
adverts. 

> Find extended information on local businesses (e.g. articles, 
advertorials, reviews etc.). 

> Find information local to their area (e.g. what's on? Things to do and 
see etc.). 

Businesses can: 

> Get leads for their business. 

> Display advertisements online. 

> Customise the look and feel of their web profile. 
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• Redirect their own website address. 

Zoom Info 

zoominfo.com 

All users can: 

• Find people and professionals (globally). 

• Find companies (globally). 

• Search relationships. 

Professionals can: 

• Update their web profiles and add personalised content. 

• Let job opportunities find them. 

Businesses can: 

• Find high-quality passive candidates (if looking for staff). 

MySpace 

myspace.com 

All users can: 

• Have a customisable space to upload content (including multimedia) 

• Network and promote their career and personal interests online. 

• Share opinions and popular content. 

• Be a somebody by building their networks of friends. 

• Be found or discovered. 

• Take advantage of 'tagging' technology to index and search through 
information. 

Blogg er 

blogger.com 

All users can: 

• Publish and discuss thoughts. 

• Get feedback. 
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> Post photos. 

> Have a personalised space to have their say. 

> Become recognised as a content matter expert in their area of choice. 

Online shopping malls and product review sites 

e.g. ebay.com, amazon.com, epinions.com 

Consumers can: 

> Benefit from online reviews and feedback etc. (member and/ or 
product reputation and reviews a real factor in purchasing decisions). 

> Conduct comparative shopping and product analysis. 

> Purchase products online and have them delivered. 

Businesses can: 

> Setup online shopfronts and sell their products. 

> Scale up their distribution nationally and globally. 

> Get leads for their business. 

Other references 

> Market research tools and services (e.g. AC Neilson etc.). 

> Customer Relationship Management (CRM). 

> Real value being in relationships, not just in the entities themselves 
(e.g. Google Pagerank). 

5.4.1.6 Heuristic design implications 

\Vithin such a complex and emergent problem space, it is difficult to narrow down 

and define the exact functional requirements of the OKNA. Hence, a heuristic 

(or principle-based) approach has also been employed to help to understand and 

contextualise the situation, rather than conclusively define it. The following 

heuristics draw upon the features, behaviours, structures and principles defined in 

Section 4.5.1 : A theoretical framework for Complex Business Systems to elicit 

actual additional high-level functional design considerations important to the 
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OKNA"li. It is assumed that the OK.NA meets all of the applicability criteria 

required for it to be examined using the CBS framework. 

Feature: Balances between chaos and order 

(Ref: CBS Element #1) 

~ At all levels within the system, measures of openness and control shall 
be implemented in order to ensure the continual evolutionary 
progression of the OK.NA (and nested, self-similar subsystems). 
Openness measures include providing participants with 24x7 'self 
serving' facilities (to update and upload content and media) and the 
ability to organise their social networks and communications around 
their normal modes of operations in ways which they deem 
advantageous to their own development. Technology and/ or 
approach summary: Enable participants to contribute wherever 
possible including: site surveys and feedback forms and all other 
member contributions including peer/ customer reviews, comments, 
discussions and testimonials. 

~ Measures delivering order provide for a directing of the OKNA's 
evolutionary progression (ensure events of self-organisation are in 
alignment with overall OKNA objectives), as well as a dampening of 
collusive and/or destructive behaviour. Technology and/or 
approach summary: Commonality of information architecture and 
indexing, reused usability motifs, common searching and results 
presentations interfaces, social network structural directives, a code of 
ethics, common functional access points and menus, common 
terminology, use of consistent icons and images and the ability for all 
participants to report inappropriate content, media items or collusive 
behaviour. 

~ Where possible, individual participants shall be able to control the 
openness / protection of their information and relationships such that 
each participant may find a unique balance enabling a proficient and 
advantageous leveraging of their key assets (e.g. social capital, customer 
information or contact details), whilst maintaining privacy and security. 
Technology and/ or approach summary: Members able to maintain 
control over the privacy and security of their networks as well as certain 
contact information and communications within the network. 

xli These do not represent an exhaustive list of heuristics, and are intended only as an initial 
foundation. In addition, many of these heuristics are interrelated. 
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Feature: Evolutfonarv innovation and knowledge creation 

(Ref: CBS Element #2) 

~ The OKNA shall allow for purposive information to be extracted from 
the ongoing information flow (communications) and linkages among 
participants. Coupled with participant profile details, this information is 
also useful to keep all participants up to date with changes and trends in 
their operational landscape. Technology and/ or approach 
summary: Social Network Analysisxtii (SNA), free text pattern mining 
(e.g. from biogs, reviews or forum content), search phrase analysis, 
surveys, questionnaires and tag cloud examination shall be utilised to 
develop reports which illustrate the current reality of the network. 

~ Online social nehwrking (P2P) enables the network to expand along the 
lines of natural social information flows (communications) and 
connections (relationships). The analysis of the frequency and types of 
communicati.on (upon member demographical information) assists in 
understanding trends and changes within the social landscape including 
identification of key participants, leaders and 'go-to' players. 
Technology and/or approach summary: Online social networking and 
SNA, ability to invite multiple people to a social network via existing 
contacts lists. 

Structure: Individual and collective value schemas 

(Ref: CBS Element #3) 

~ Each agent within the OKNA behaves according to individual and 
group schemas or internal models (e.g. goals, beliefs, values, plans 
and/ or strategies) that is, singular and collective rules of behaviour that 
require them to inspect, and generally respect each other's behaviour 
and adjust their own in light of others'. By examining the various social 
and organisational groupings both agents and consumers participate 
within, we may identify who are the leaders and influential players 
influencing popular thought, belief and subsequent demand. \'(/ e may 
also be able to better profile the value schema differences demographic 
and geographic groupings, helping to better target market products and 
services. Technology and/or approach summary: Social Network 
Analysis (SNA) shall be utilised to develop reports which illustrate the 
social demographic and geographic reality of the network. 

Structure : System boundaries are open 

xiii Refer to Appendix C : Social network analysis 
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(Ref: CBS Element #4) 

~ Most fundamentally, the OKNA needs to support the exchange of 
value (e.g. products, services, time, money, information and knowledge) 
as all systems and participants within the OKNA shall use it in order to 
more efficiently and effectively interact and exchange value in the 
pursuit of their individual goals. Technology and/ or approach 
summary: Support for product and servi~e publishing and/ or 
promotion and for online financial transactions e.g. multi-vendor 
comparative shopping mall. 

Structure : Complex control parameters exist 

(Ref: CBS Element #5) 

~ The OKNA shall endeavour to promote the efficient and positive 
complexi.fication of its participants via a promotion of the parameters 
affecting emergence within CBS115 i.e. information flow and density, 
connectivity of agents and diverse participation. Online soda/ networking, 
blogging and discussion forums are examples of technologies able to 
deliver a virtual platform for potentially achieving this by enabling 
informational interaction, the expression of ideas and concerns, and the 
pursuit of goals over virtual social links. Other asynchronous 
communication channels like internal messaging systems are also useful 
for logging and storing messages in an 'inbox' and 'outbox' style. 
However, not all technologies need to be included within the OKNA's 
functional design, rather, just made available. Technology and/ or 
approach summary: Online social networking, events calendars, 
professional knowledge worker space tools (e.g. collaborative spreadsheets, 
word processing applications and whiteboards), discussion forums, 
biogs and internal event messaging systems. 

~ By amplifying the ability for diverse parttc1pant connectivity, 
information flow and discussion and trust propagation, the OKNA may 
enable acceleration in emergence, which once capitalised upon, helps 
further assert the respective evolutionary positions of participants and 
the network as a whole. In terms of 'evolutionary innovation' (new 
knowledge creation), Nonaka and Takeuchi (1995) describe a series of 
'enabling conditions' which draw attention to the increases in individual 
motivation and creativity made possible via an empowerment of 
autonomy and mobility and to the requirements for redundancy and 
variety in agent schemas. In later publications, von Krogh, Ichijo and 
Nonaka (2000) and von Krogh, lchijo and Nonaka (2001), further 
complement these original conditions by suggesting the an additional 
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need for developing a time/space sensitive context for knowledge 
creation called 'Ba' (or 'place) as well as the role of trust, empathy care 
and courage. Technology and/or approach summary: The OK.NA 
shall provide the !CT-enabled shared 'place' for autonomous 
participants to participate, interact and organise around individual and 
collective goals. Integrated on/inc social nehvorking profiles, blogs, forums 
and trust propagation (reputation-based feedback facilities) shall assist 
to this end. 

Structure : CBS exist within a transformatlve ecology 

(Ref: CBS Element #6) 
A transformative ecology is the outcome of interacting CBS and hence, does not 

readily affect the functional design of the OKNA. 

Structure : CBS mav be composite or nested 

(Ref: CBS Element #7) 

~ Professionals shall be able to dynamically create their own online virtual 
groups (networks of professionals) which share common interests or 
goals outside of working for the same business. Virtual groups are 
different to a member's direct social network, and may include 
professionals not linked directly to them. These groups effectively 
represent Communities of Practice (CoPs) or networks of practice and may 
include functionality like events calendars, notices and newsletters. 
Technology and/or approach summary: Online social networking with 
'grouping' ability, similar to Yahoo! Groups, including group events 
calendars, notices and newsletters. Also, the presentation and 
notification of changes in member activity should be available for group 
members. 

Structure: Subsystems exhibit self-similar structure, function and behaviour 

(Ref: CBS Element #8) 

~ The OK.NA is itself a virtual business ecosystem containing various 
participants as outlined in Section 5.4.1.1 : \'V'ho are the participants? 
The topology of the OKNA is one of formal business and professional 
structures layered upon more informal social groupings. Indeed, a large 
business may engage many professionals, each working within 
numerous different internal and external groupings. Regardless of the 
many formal and informal relationships which participants possess over 
time, the OK.NA is to support the efficient value exchange (e.g. 
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products, services, time, money, information and knowledge) between 
them, which is expected to be self-similar at every level. Technology 
and/or approach summary: Assist and/or enable participants to 
efficiently exchange value between each other. This may incorporate an 
ability to publish value descriptions (e.g. about products and services 
offered), or to efficiently discover the sources of value as well as 
information to help with determining whom to acquire it from e.g. 
feedback or reputation-based systems. 

Structure : Relationships contain feedback loops 

(Ref: CBS Element #9) 

• Feedback in this instance refers to the ability for social networks to 
leverage agent connections to assist in the 'socialisation' of information 
and ideas. Ideas and concepts are spread through the network via 
(often disparate) agents whom communicate and disseminate 
information asynchronously, adding to its value and relevance along the 
way. The OKNA shall support this self-reinforcing cycle of ideas and 
concepts as it often leads to emergp1t behaviour and subsequently too, 
new innovations and discoveries. Technology and/ or approach 
summary: Blogs, online social networking, discussion boards and RSS all 
provide for efficient information (i.e. ideas) 'socialisation.' 

Behaviour: Agent connection and Interaction C'virtualisatlon' of) 

(Ref: CBS Element #10) 

• All relevant participants (businesses, professionals and consumers) shall 
be identifiable online and have information stored about them (in 
profile form). Such a 'virtualisation' of self, enables other virtual 
characteristics to be mapped including relationships (see Section 5.4.1.3 
; \X'hat are the relationships among participants?) to other participants 
(via online social netu1orking), thoughts and opinions (biogs) and personal 
experiences (feedback and evaluations). Profiles shall also be 
geographically indexable, enabling the localisation of product and 
service offerings, as well as the identification of niches of emergent 
behaviour. Technology and/ or approach summary: Personal 
networking profiles (professionals), as well as virtual entities for SMEs 
and consumers. Each requires a profile to enable their social 
interactions to be virtually mapped and tracked. The cardinality among 
entities may also be able to be mapped and tracked e.g. list the 
professionals linked to a SME, list customer reviews about a 
professional/SME, list all evaluations posted by a particular customer 
etc. 
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> All parnc1pants within the system require the ability to update and 
manage their information and connections (relationships) with other 
participants online. Technology and/ or approach summary: 
Administration and member management features required for all 
particip.ants to manage their presence, activity and identity and to know 
their current status on the network. 

> CBS highlights the importance of exposing and promoting the people 
(professionals) behind the business as well as the engagement of 
co~sumers as a vital part of the landscape. The contplex digital economy is a 
dynamic and digitally connected ecology; however most existing 
business-orientated web directories only promote the business's 
products and services using simple advertising methods targeted (in one 
direction) to consumers. The OK.NA shall employ the web platform to 
improve and augment human interaction (at all levels) and illustrate the 
real business value contained in the nurturing of human relationships. 
Openness in the methods of participant interaction enables for that 
information to be examined and the knowledge contained therein to be 
extracted. Additionally, a low degree of technical coupling (easy to 
connect and disconnect) between professionals and businesses assists in 
the online (virtual) network's close correlation with the actual real 
network. Technology and/ or approach summary: Personal 
networking profiles (professionals), as well as virtual entities for 
businesses and consumers. Each requires a profile to enable their 
details to be promoted (e.g. product and service offerings), their 
capabilities exposed and virtual relationships to be built. 

> Interactive web technologies not only allow for textual information to 
be exchanged between participants, but also for rich multimedia 
content. Attached to such media may also be event notification 
technologies allowing for subscription to certain media channels. 
Technology and/ or approach summary: Support for rich media 
including images, audio, video, animations and interactive digital maps 
as well as RSS syndication/ summary technologies. 

Behaviour: Nonlinear. dynamical and emergent behaviour 

(Ref: CBS Element #11) 

> A degree of inbuilt openness is required to support the innate nonlinear 
potential of the OK.NA and allow it to. evolve and se!f-o'l.anise, while a 
degree of inbuilt control ensures that any emergence is in relative 
alignment with the purpose and direction of the OKNA as a whole. To 
support the nonlinear potential of the OKNA, agents shall be able to 
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easily connect with each other and know of each other's current activity, 
such that information may be rapidly dissipated through the social 
networks and be both expanded and amplified along the way. 
Technology and/or approach summary: The OK.NA shall provide 
for open information exchange via online social networking, blogs and 
forums and for peers to be notified of events of significance to them 
(e.g. new social contacts, new blog or forum posts). Information 
'tagging' may also help with identifying what topics (i.e. pieces of 
information) both exist and are of interest to participants over time. 

Behaviour: Coevolution and synergistic phenomena 

(Ref: CBS Element #12) 

• As participants whom cooperate and form lasting partnerships often 
experience accelerated events of complexificalion, the OK.NA shall enable 
for the discovery and detection of 'trusted' and 'preferred' participants. 
Both online social networking and reputation-based facilities (e.g. reviews, 
comments and testimonials) help to reduce the risk (uncertainty) when 
looking for potential partners, suppliers and complementers (e.g. joint 
ventures partners, tactical/strategic alliances or license agreements). 
This is due to social networking enabling trusted agents to be identified 
through peer referrals, while reputation-based facilities deliver an 
ostensibly quantitative measure of trustworthiness (an indicative gauge 
of a future quality experience). Technology and/or approach 
summary: Online social networking and member feedback and reputation-
based evaluation systems e.g. reviews, comments and testimonials 
about agents in the system. Also, the ability to find socially connected 
peers is important to facilitating synergistic phenomena. 

Behaviour: Spontaneous and voluntarv self-organisation 

(Ref: CBS Element #13) 

• The OKNA shall be open enough (in structure) to allow for participants 
to perform actions autonomously. This is required to promote self 
organisation and the evolution of functional capacity in the pursuit of 
individual and collective goals. Technology and/ or approach 
summary: Web access to unique member logins and security accounts 
which enable for specific functions to be performed autonomously, 
remotely and anytime 24x7. 

• Usage of 'tagging' for se!forganising cataloguing and informational 
indexing i.e. reduce need for structured categorisation wherever 
possible. This also helps with geographical searching limitations. 
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Technology and/ or approach summary: Keyword 'tagging' and the 
creation of topic sensitive tag clouds for professional and business 
informational indexing. 

Behaviour: Diversity, niches and 'weak ties' drive evolution 

(Ref: CBS Element #14) 

~ Diversity exposes the need for an !CT-enabled common and accessible 
space for diverse (and often disparate) participant interaction. The 
OK.NA shall offer a common software platform, interfaces and 
technology suite, helping to expose and subsequently leverage 'weaker 
ties' between participants. Technology and/ or approach summary: 
Web-accessible infrastructure and common platform to encourage ease 
of usage and participation. Reuse of the functionality and motifs 
employed for creating social network connections and other social 
participatory features for all users of the OKNA. Also, the ability to 
find socially connected peers is important to identifying the 'weak tie.' 

Principle : System boundaries are difficult to frame 

(Ref: CBS Element #15) 

This characteristic concerns how to examine CBS and thus, has not been included 

within this heuristic examination as it does not readily affect the functional design 
of the OKNA. 

Principle: Signal quality, Information quality and trust underpin Interaction 

(Ref: CBS Element #16) 

~ As the OKNA is a human-driven system, elements supportive of a 
quality of interaction Qnformation flow) are also required i.e. 
reputation-based facilities which propagate trust and goodwill through 
the network and qualify the information being exchanged. Additionally, 
the feedback elements themselves may be subject to verification. 
Technology and/ or approach summary: Peer/ customer feedback, 
reviews, comments, discussions and testimonials about products, 
services and participants. Also, subsequent feedback verification 
techniques e.g. 'was this review or comment useful?' 

~ Quality of information is just as, if not more important than the actual 
information (communication) itself. Within CBS, elements of trust and 
reputation assist in the flow and exchange of quality information. 
Technology and/ or approach summary: Trust propagation and 
participant feedback facilities (e.g. peer/customer feedback, reviews, 
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comments and testimonials). 

~ Ability to make quick and easy decisions based on the collation and 
aggregation of available information e.g. a certain reduction of 
uncertainty is experienced via participant review and feedback. Such 
input relates not only to products and services being promoted over the 
network, but of the participants themselves. Technology and/ or 
approach summary: Trust propagation and participant feedback 
facilities (e.g. peer/customer feedback, reviews, comments and 
testimonials) including an aggregation and/ or collation of such into a 
single identifiable reference e.g. a 5 star rating. 

~ Ability to easily and efficiently find information of relevance and to ask 
questions of partictpants; creating an information dialogue. 
Technology and/ or approach summary: Personal member biogs, 
discussion forums and forms for direct participant engagement all 
support and record two-way interaction. 

Principle : CBS cannot be described by the sum of their parts 

(Ref: CBS Element #17) 
This characteristic concerns how to examine CBS and thus, has not been included 

within this heuristic examination as it does not readily affect the functional design 

of the OK~A. The only potential implication of this characteristic is that any 

analysis and/ or reporting conducted within the OKNA should be conducted 

upon the actual up-to-date and 'in use' information stored within its databases. 

Principle : CBS possess a cumulative history 

(Ref: CBS Element #18) 
This characteristic has not been included within this heuristic examination as it 

does not readily affect the functional design of the OKNA. 

5.4.2 The OKNA - Key functional requirements 

The intent of this section is to collate the various capabilities as elicited in Section 

5.4.1 : The OKNA - An operational concept and identify the key functional 

requirements of the OKNA. These key functional requirements have been 

derived by employing the theoretical framework of Complex Business Systems 

(CBS) to the OKNA problem space. Whilst not indicating their specific cost; 
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schedule, functionality, risk, or performance implications (all out of scope), 

requirements stated here are deemed essential to the operation of the OK.NA. 

NB: Requirements stated below are not validated for completeness, consistency or 

correctness and are not verifiable. 

Table VI: OKNA key functional requirements 

Description 

Virtual hubs 

·Each participant professional or business shall be 
able to manage their own online virtual hub (profile) 
which enables for an extension of personal entity 
information onto the online medium i.e. photo, 
contact details, profile information, social 
relationships etc. For businesses this includes 
support for publishing product and service 
information. 

Virtual hubs are essential for most operations of the 
OKNA as they allow for the 'virtualisation' of real-
lif e entities into the online knowledge nela1orking space. 

Source 

(Ref: CBS Element #4) 

(Ref: CBS Element #5) 

(Ref: CBS Element #8) 

(Ref: CBS Element #10) 

Member self-management (Ref: CBS Element #10) 

Member management facilities shall be provided for (Ref: CBS Element #13) 
all participants to manage their virtual hubs, 
presence, activity and identity and to know their 
current status on the network. These management 
facilities are to be accessible 24x7. 

Secure acc.ess 

Each participant shall be granted secure access to 
manage their personal information on the network 
enabling for specific functions to be performed 
autonomously and remotely. 

Searches and 'tagging' 

(Ref: CBS Element #1) 

(Ref: CBS Element #13) 

(Ref: CBS Element #2) 

Members (consumer, professional or business) shall (Ref: CBS Element #11) 
be able to search for businesses and professionals by 

(Ref: CBS Element #13) 
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various parameters e.g. name, skill, category, role, 
location, rating etc. and shall be able to use 
keyword 'tags' to traverse information. 

Online social networking (Ref: CBS Element #2) 

All professional and business members shall be able (Ref: CBS Element #3) 
to create social networks online. This includes the 

(Ref: CBS Element #5) 
ability to invite and subsequently link to other 
colleagues and friends in the network. It also (Ref: CBS Element #7) 
includes the ability to perform Social Network (Ref: CBS Element #9) 
Analysis (SNA) upon the network. 

(Ref: CBS Element #10) 

(Ref: CBS Element #11) 

(Ref: CBS Element #12) 

Degree of social separation search (Ref: CBS Element #1) 

All professional and business members shall be able (Ref: CBS Element #12) 
to search for certain keyphrases (pertaining to (Ref: CBS Element #14) 
participant information) for nodes occurring within 
their own social networks i.e. a degree of social 
separation search for 'marketing consultant' may 
return that one is only 2 degrees away. The 
navigable path shall also be displayed. 

Privacy protection (Ref: CBS Element #1) 

All members shall be able to maintain control over (Ref: CBS Element #13) 
the privacy and security of their social networks as 
well as certain contact information and 
communications within the network. 

Virtual groups (Ref: CBS Element #5) 

Professionals shall be able to create their own online (Ref: CBS Element #7) 
virtual groups (networks of professionals) which 
share a common interest, goal etc. outside of 
working for the same business. Virtual groups are 
different to a member's direct social network, and 
may include professionals not linked directly to 
them. These groups effectively represent 
Commrmities of Practice (CoPs) or networks of practice 
and may include functionality like events calendars, 
notices and newsletters. 
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Ratings, reviews and testimonials (posting) (Ref: CBS Element #1) 

All members shall be able to provide rating, reviews (Ref: CBS Element #12) 
and testimonials about other professional and (Ref: CBS Element #16) 
business members. Tius feedback shall to take on 
two (2) forms: 1) a numerical 'star' rating, 2) a free 
text evaluation. All feedbacks themselves shall be 
subject to verification via the 'was this review, 
comment etc. useful?' technique. 

Recommendations (posting) 

All business and professional members shall be able 
to collect individual recommendations from all 
other members within the network. Unlike reviews 
and testimonials which reward all participants 
regardless of duration of membership, 
recommendations reward established members and 
patrons of the service i.e. are effectively an 
incremental counter. 

(Ref: CBS Element #1) 

(Ref: CBS Element #12) 

(Ref: CBS Element #16) 

Manage evaluations (Ref: CBS Element #1) 

All business and professional members shall be able (Ref: CBS Element #8) 
to manage their reviews and testimonials including: 
1) reordering of sequence, 2) right of reply and 3) 
reporting of inappropriate material. 

Keyword 'tagging' 

Wherever possible, all members' contributions 
(professionals, businesses and consumers) shall be 
'tagged' for the purposes of self-organised indexing 
and cataloguing of information. 'Tagging' includes 
the ability for all participants to use keywords to 
describe themselves and the information they want 
to be found on. 

Blogs and discussion forums 

All members shall be able to both create, manage 
and participate within biogs, discussions and topic 
of interest. Each business and professional shall 
have their own unique blog linked to their hub. 

Events calendar 

(Ref: CBS Element #2) 

(Ref: CBS Element #11) 

(Ref: CBS Element #13) 

(Ref: CBS Element #1) 

(Ref: CBS Element #9) 

(Ref: CBS Element #11) 

(Ref: CBS Element #16) 

(Ref: CBS Element #5) 
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All professional members with virtual groups shall 
be able to both create and manage events within 
global and personal calendars (linked to their hub). 

Multimedia sharing and management 

All professional and business members shall be able 
to upload rich media including images, audio, video, 
animations, interactive digital maps etc. to their 
hubs for the purposes of sharing and discussion. 
Consumers may view multimedia objects. 

Multimedia review 

Multimedia items themselves shall be open to 
member ratings, reviews and discussions. 

Events notification 

RSS syndication/ summary technologies and email 
shall allow professionals with virtual groups to 
notify their community of events of significance to 
them (e.g. new blog of forum content, new media 
item uploaded etc.). Businesses shall also be able to 
issue notifications to linked professionals. 

Group newsletters and announcements 

Professionals with virtual groups shall be able to 
remain in close contact with their communities via 
newsletters and announcements. Businesses shall 
also be able to issue newsletters and announcements 
to linked professionals. 

(Ref: CBS Element #5) 

(Ref: CBS Element #5) 

(Ref: CBS Element #10) 

(Ref: CBS Element #16) 

(Ref: CBS Element #5) 

(Ref: CBS Element #7) 

(Ref: CBS Element #9) 

(Ref: CBS Element #10) 

(Ref: CBS Element #5) 

(Ref: CBS Element #7) 

Activity views (Ref: CBS Element #5) 

Various views on the activity of members shall be (Ref: CBS Element #7) 
made publicly visible including: 1) the professionals 
linked to a business, 2) reviews about a professional 
or business, 3) all evaluations posted by a particular 
member, 4) all multimedia items posted by a 
particular member etc. 

Self-monitoring (Ref: CBS Element #1) 

All participants shall be able to report inappropriate (Ref: CBS Element #13) 
content, media items, collusive behaviour etc. 
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5.4.3 The OKNA- Requirements categorisation 

The intent of this section is to partition the functional requirements of the 

OKNA into logical categories. In general, the above key functional requirements 

can be categorised into the following groups: 

Virtuallsatlon 

> Vinual hubs 

> Virtual groups 

Social networking 

> Online social networking 

> Degree of social separation search 

Member contribution and control 

> Member self-management 

> Blogs and discussion forums 

> Multimedia sharing and 
management 

> Activity views 

Reputation and feedback 

> Ratings, reviews and testimonials 

> Recommendations 

> Manage evaluations 

> Multimedia review 

Security and privacy 

> Secure access 

> Privacy protection 

Self-organising design 

> Searches and 'tagging' 

> Keyword 'tagging' 

> Self-monitoring 

Event-driven design 

> Events calendar 

> Events notification 

> Group newsletters and 
announcements 

5.4.4 OKNA high-level functional design (meme-map) 

To help visualise the high-level functions available to users of the OKNA, the 

below meme-map has been included (see Figure XIV below). This diagram 

simply collates the functional requirements as documented in Section 5.4.2 : The 

OKNA - Key functional requirements. 
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Figure XIV : OKNA functional meme-map 
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NB: From here, if the OK.NA is to be extended into an actual 'in use' 

implementation, the Unified Modelling Language's (UML) Use Case technique, or 

other user interaction modelling techniques may be employed to extrapolate the 

meme-map into a verifiable functional requirements definition. 

5.4.5 The OKNA prototype 

Along with the high-level design of the OKNA, progress has also been made 

toward a semi-functional working prototype using the PHP programming 

language and MySQL as the relational database management system. The 

fo llowing screenshot (figure XY) is an example of a professional OK.NA web-

hub (in development): 
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Figure XV : Example professional OKNA virtual web-hub 
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5.5 Chapter summary 
Within this chapter, an assessment of the problems and opportunities present 

within the emerging SME and professional knowledge worker landscape was 

performed. This investigation helped contextualise online knowledge networking and 

the potential benefits of a common online social ICT infrastructure for market 

participants to both interrogate and participate within the complex digital economy. 

The intent of this background was to provide a test-bed for the validation and 

verification 0/&V) of the suitability of the theoretical framework of Complex 

Business Systems (CBS) as a heuristic guideline underpinning the analysis, design 

and development of complex digital business systems. While the actual V&V is outside 

of the scope of this thesis, Section 5.4 : High-level functional design of the 

OK.NA (above) has served to demonstrate the beginnings of an application of the 

framework. In examining a real online knowledge networking application within the 

Small to Medium Enterprise (SME) space, considerations regarding the early-

stages of V&V have been made, as high-level functional design inferences 

extracted from the CBS framework were integrated directly into the ·oKNA 

operational concept (see Section 5.4.1.6 : Heuristic design implications above). 

Additionally, in applying the CBS lens to an extraction of high-level functionality 

for the OK.NA, we are presented with a clear indication of the possible reasons 

behind the success of the many interactive, online businesses and approaches as 

documented in Section 5.4.1.5 : Current frames of reference. In doing so, it has 

been demonstrated that the CBS framework is a critical starting point for 

establishing both the context and functional requirements of complex digital b11siness 

.rystems, especially those which engage and assist SMEs and professional knowledge 

workers to interact and collaborate online. These inferences effectively represent 

the farthest boundary of this thesis and thus, where this research ends. It is 

recommended that further work conducted outside this thesis's scope, should 

consider the Action Research (AR) methodology to perform any V&V of the 

OK.NA operational concept due to the peculiarities of what is a socio-technical 

problem space. 
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Chapter 6. Conclusions 

Introduction 

This chapter contains a summary of the work contained within this research thesis. 
Included are answers to the various research questions and a finalisation of original 
contributions. The chapter finishes with visions for further research. 

Chapter structure 

6.1 RESEARCH SUMMARY 
6.2 PRIMARY PROBLEM 

6.2. I Research questions 
6.3 Co:NTR1BuT10Ns 

6.3.J Contribution I: Essential Characteristics of Complex Adaptive Systems 
6.3.2 Contribution 2: A Classification of Complexity 
6.3.3 Contribution 3: A theoretical framework for Complex Business Systems 
6.3.4 Contribution 4: An Online Knowledge Networking Application 

6.4 ftJRTHER RESEARCH 
6.5 CONCLUDING THOUGHTS 
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6.1 Research summary 
In a complex digital economy rampant with environmental volatility, the ability for an 

organisational system to efficiently innovate is essential to survival. \'qith a 

business environment ever-characterised by information flow, connectivity and 

the sharing of ideas and values, we are witnessing a period in history where the 

parameters affecting market emergence are set to increase exponentially. Such 

lf:7eb2.0 ICTs as online Communities of Practice (CoPs), online social networking, forums 

and blogs not only present challenges, but also opportunities for modern 

organisations. In promoting information exchange and online (social) 

collaboration between parties, these complex digital b11siness systems often exhibit se!f-

organising and/ or emergent behaviour resulting in their value strengthening over time 

as they evolve in structure (form), function and behaviour. Moreover, in many 

situations, such complex digital b11siness systems are closely coupled with business 

models and modes of operation, hence promising to also assist in a business 

development capacity. 

However, while much opportunity beckons, there was little in the way of a 

theoretical framework for understanding when, where and how such types of 

ICTs could and should be employed toward commercial benefit. Indeed, the 

methods which would facilitate this type of participatory engagement and learning 

are dissimilar to systematic scientifically-motivated management approaches of the 

past. Due to their ever-connected and continuous 'in use' dynamic, lf:7eb2.0 ICT 

systems could not be wholly separated from business operations, nor the process 

of data capture and analysis. ·Consequently, a more systemic framework was 

needed, a framework which in providing context for continuous 'in use' data 

capture and analysis, could direct the structure (form), function and behaviour of 

both the social ICTs and organisational systems themselves. In turn, one of the 

prime concerns of this thesis was to develop a theoretical framework for 

understanding the structure, behaviour and developmental directive of Complex 

Business Systems (CBS). Ultimately, applying this framework toward complex 

digital business systems (i.e. social Web2.0 ICTs) enables valuable architectural and 

design considerations to be inferred. 
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6.2 Primary problem 
To design such a framework, this thesis adopted an exploratory and reviewing 

approach primarily drawing from the multidisciplinary complexity sciences literature. 

This incorporated a close examination of Complex Adaptive Systems (CAS), 

making explicit their many essential and interwoven developmental and 

behavioural characteristics. From here the self-reflective capacity of complex human 

{)'Stems was introduced and employed to discuss and posit the implications of a 

.rystemic view of organisational system development. The resulting discussions 

were synthesised into the theoretical framework for Complex Business Systems 

(CBS); a framework encompassing a Constructivist-like epistemological 

imperative. In offering an alternative ontological perspective for viewing business 

system structure (form), function and behaviour, this framework accommodates 

the relative interconnection and influence of self-reflective human agents upon the 

ever-construction of, and participation within, organisational and market 

outcomes. 

Viewed by the lens of CBS, Web2.0 ICTs (i.e. complex digital business .rystems) can be 

seen to offer a solid platform for organisational system complexiftcation, promoting 

purposive knowledge creation and subsequently, an ability for the organisation to 

assert its evolutionary position. To demonstrate the CBS framework's utility 

within this capacity, a real investigation of an online knowledge networking application 

within the SME and professional knorvledge worker landscape was performed. In 

carrying out the early-stages of verification and validation, high-level functional 

design inferences were extracted from the CBS framework and integrated directly 

into an operational concept. The result of which revealed that the CBS 

framework is a critical starting point for establishing both the context and 

functional requirements of complex digital business .rystemS', aspects leading directly 

into the architecture and design of successful online social ICT systems. 

6.2.1 Research questions 

In Section 3.3.1, various questions were posed for examination throughout this 

thesis. A discussion and resolution to these questions follows: 
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Question 1 

What are the essential characteristics of Complex Adaptive Systems (CAS)? 

While the 1990's was peppered with books, journal articles and other literature 

describing various facets of the complexity sciences, accounts of adaptive complexity 

rarely stated explicitly, or exhaustively, their characteristics. Therefore, as part of 

this thesis a synthesis of multidisciplinary efforts was performed, culminating in 

the following Essential Characteristics of Complex Adaptive Systems (CAS): 

.. Agent connection and interaction 

.. Individual and collective value schemas 

._ Open system boundaries 

.. Complex control parameters 

.. Nonlinear, dynamical and emergent behaviour 

._ Relationships contain feedback loops 

._ CAS exist within a transforrnative ecology 

.. System boundaries are difficult to frame 

._ Diversity and niches drive evolution 

._ Signal and information quality underpin interaction 

.. Coevolution and [Jnergjstic phenomena 

._ CAS possess a cumulative history 

.- CAS may be composite or nested 

• Spontaneous se!f-org,anisation 

• CAS cannot be described by the sum of their parts 

• Subsystems exhibit se!f-simi/arstructure, function and behaviour 

• Balances between chaos and order 

• 'Evolutionary innovation' 

These characteristics are described in detail within Section 4.1.5. 

Question 2 
Can a CAS perspective be e111ployed lo ana/yse romp/ex organisational bHsiness !JSlems? 
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\Vhile there existed a strong claim for viewing organisational business systems as 

Complex Adaptive Systems (CAS) (as examined in Stacey (1996), Dooley (1997), 

Anderson (1999), Axelrod & Cohen (2000) and Stacey (2001)), the specific 

relationship between complex learning, human. knowledge creation and an 

organisation's capacity for innovation remained relatively unexamined. This 

posed a specific problem, as while the CAS perspective contained the dimension 

of 'evolutionary innovation,' it could not differentiate between systems which 

exhibited novelty as a result of the fortuitous (involuntary) concatenation of 

events, from those systems capable of self-determined or consciously willed 

innovation e.g. human systems. Thus, while providing a solid foundation for 

analysing complex organisational business systems (i.e. complex human systems); a 

sole CAS perspective is not enough. Human systems exhibit a greater complexity 

from all other known systems, a complexity which extends the basic 

characteristics of the CAS model. 

To this end, this research introduced an exclusively human level of complexity 

referred to as self-reflective. Employing the self-reflective capacity to discuss and posit 

implications for a !)'Stemic view of organisational system development, this research 

developed a new theoretical framework for Complex Business Systems (CBS). In 

extending the CAS perspective explicitly into the human domain, it is suggested 

that CBS is a more fitting lens for analysing complex organJsational business 

systems than utilising the CAS model alone. 

Question 3 

If so, what implications and insights can such a perspective provide to the architecture and 
design of interactive, on/ine, social ICTs t'.e. complex digital business systems? 

By understanding the key characteristics of Complex Business Systems (CBS), we 

are able to infer and contextualise certain ICT functions and designs which 

promote and manage emergence within organisational business systems i.e. the 

ability for an organisation to wilfully assert its evolutionary position. Such complex 

digital business systems engage agents from diverse backgrounds, promoting their 

social connection and interaction (collaboration); amplifying the complex control 

parameters underpinning system self-organisation. As in many cases these online 
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social ICT systems are highly coupled with organisational business models and 

modes of operation, the theoretical framework of CBS is able to assist in 

determining what, where and how to employ new Internet technologies to assist 

participatory business development. For example, the CBS framework provides 

context and functional direction for these Web2.0 technologies and approaches 

Oust to name a few): 

~ Online social networking, biogs, forums etc. (Agent connection and 
interaction). 

~ Keyword 'Tagging' (Spontaneous and voluntary self-organisation). 

~ Feedback and reputation management systems (Signal quality, 
information quality and trust underpin interaction) . 

., User self-management (Balances between chaos and order). 

6.3 Contributions 
This section contains the major, original contributions this research has made. 

6.3.1 Contribution 1: Essential Characteristics of Complex 
Adaptive Systems 

6.3.1.1 What? 

In Section 4.1.5, the Essential Characteristics of Complex Adaptive Systems 

(CAS) were elicited after a close examination of the multidisciplinary complexity 

science literature. While not claiming to be too new or novel in subject matter, the 

contribution made here was in the explicit and exhaustive statement of the various 

interwoven qualities of CAS, an offering which was not found in any of the scores 

of journals, books and other texts examined. The characteristics draw from 

diverse sources including, prominent professors in the areas of management, 

physics, biochemistry, political science, psychology, engineering and computer 

science. It also includes research work from Nobel Prize winning physicists and 

chaologists. 
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6.3.1.2 Implications 

The Essential Characteristics of Complex Adaptive Systems (CAS) enables a quick 

and efficient understanding of the many complex parameters at play when 

examining CAS i.e. it summarises almost 30 separate author's contributions in the 

area. Thus it also serves as a benchmark for the appropriation of CAS as a lens 

for exploring complex phenomenon in other research problems. 

6.3.2 Contribution 2: A Classification of Complexity 

6.3.2.1 What? 

In Section 4.3.1, a Classification of Complexity was proposed to assist in outlining 

the varied levels of complexity exhibited by different types of systems. The 

classification itself provides for five (5) levels of complexity and distinguishes 

these based on qualities such as self-organisation ability, autonomy, dynamic control 

parameters, intentional or involuntary teleonomy and predictability of future 

outcomes. In particular, it posits a delineation of a self-reflective level of complexity 

as separate from a cognitive level i.e. living systems complexity. It is suggested 

that the self-reflective level of complexity is possessed only by complex human systems. 

6.3.2.2 Implications 

The Classification of Complexity provides for a quick and ready reckoner when 

attempting to understand and contemplate the approaches (i.e. methodologies 

and methods) required to be taken to manage a particular situation. For example, 

if a particular problem situation's parameters are known and can be fixed for a 

period of time, then it is appropriate to enact systematic, hard scientific approaches 

to hammer out the solution. Such is the problem space of much of the physical 

world. However, when looking at the management of more complex systems e.g. 

socio-economic or socio-technical systems, the existence of self-organisation, 

autonomy and an intentional teleonomy suggests that 'softer' approaches may be 

required, approaches which work with the natural tendency of the system to find 

its own order. 

186 



Conclusions 

6.3.3 Contribution 3: A theoretical framework for Complex 
Business Systems 

6.3.3.1 What? 

While the Essential Characteristics of Complex Adaptive Systems (CAS) enabled 

for a quick and efficient understanding of the many complex parameters at play 

when examining CAS, it was not able to be mapped directly to an organisational 

system space. This was primarily due to the differences between levels of 

complexity. Therefore, in Section 4.5.1 'A theoretical framework for Complex 

Business Systems' (CBS) was investigated. Employing the self-reflective capacity of 

complex h11man .rystems to discuss and posit implications for a systemic view of 

organisational system development, the theoretical framework for Complex 

Business Systems (CBS) encompasses a Constructivist-like epistemological 

imperative, offering an alternative ontological perspective for viewing system 

structure (form), function and behaviour. 

6.3.3.2 Implications 

The main implication of the CBS framework is in its ability to act as a heuristic 

guideline underpinning the analysis, design and development of complex digital 

business .rystems (e.g. Web2.0 ICTs); technologies which are already greatly 

impacting the operational space of business and shall probably continue to do so 

for many years to come. Additionally, the CBS framework may also provide an 

alternative ontological perspective for viewing the structure (form), function and 

behaviour of organisational systems in the complex digital econonry, and in doing so, 

allude to key developmental capacities and strategies. 

6.3.4 Contribution 4: An Online Knowledge Networking 
Application 

6.3.4.1 What? 

In attempting to provide the foundations for an early stage validation and 

verification of the CBS framework's suitability as a heuristic guideline 

underpinning the analysis, design and development of complex digital business .ryslems 

(e.g. H?'eb2.0 ICTs), Section 5.3 introduced a series of real problems and 
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opportunities within the Small to Medium Enterprise (SME) and professional 

knowledge 11,orker space. The solution to which was the contribution of a high-level 

functional design for An Online Knowledge Networking Application (OK.NA). 

6.3.4.2 Implications 

The key contribution of the OKNA is in its clear presentation of the possibilities 

of innovation, entrepreneurship and partnership within the SME and professional 

knowledge 1vorker space, as made possible via such an online kno1vledge netu•orking 

application. 

6.4 Further research 
\'V'hile the primary intent of the research was to synthesise the multidisciplinary 

co111plexity sdence literature to create a theoretical framework for assisting in the 

design of contplex digital b11siness !J!Slents, numerous avenues of further research were 

been uncovered. In particular, the Complex Business Systems (CBS) framework 

challenges the very principles of organisational system design and the processes of 

its transformation within the networked economy, shedding new light onto the 

knowledge-intensive view of the firm. Management methodologies which 

promote organisational system knowledge and innovation may be able to employ 

the Complex Business Systems (CBS) framework as their ontological foundation, 

drawing upon its Constructivist-like epistemological directive to engage diverse 

human agents in the ever-construction of new market realties. In doing so, 

methodological appropriation within the organisational system may be improved, 

as to its ability to develop, maintain and enhance !CT support infrastructure 

conducive to purposive contplexification. Thus, while this research thesis is chiefly 

positioned within the !CT design discipline, there are also many overlapping 

concepts which may be pursued within the area of organisational science. The 

following have been identified as possible avenues for the further investigation 

and/or application of the theoretical framework of Complex Business Systems 
(CBS): 

._ Frameworks for complex organisational system knowledge creation (i.e. 
synthesis of the work by Nonaka & Takeuchi (1995), von Krogh, Ichijo 

188 



Conclusions 

& Nonaka (2000) and von Krogh, Ichijo & Nonaka (2001) upon the 
social construction of market reality). 

• Organisational system structural and dynamical design supportive of 
local knowledge creation (innovation) in consonance with the 
evolutionary direction of the system at large i.e. development of 
structures supportive of strategic and market synchronisation (e.g .. soft 
systems management). 

• Application of Glaser & Strauss (1967)'s grounded theory 
methodology116 to the extraction of emergent organisational system 
patterns within the ecology of its immersion (e.g. participative and 
'socialised' development of new markets, product and service offerings). 

• Mathematical-based models of complexity and emergence. 

6.5 Concluding thoughts 
While there is there is still much to accomplish in applying the lens of complexity 

to organisational science, it is already offering a compelling alternate paradigm for 

considering the chaos of organisational system development. By acknowledging 

the systemic and coevo!Htionary disposition of real business systems, this 

unconventional science highlights the deficiency of mechanically-orientated and 

symptomatic management mindsets. Catalysed by wholesale ICT penetration and 

the dawning of Web2.0, the reality of business is no longer one of linear causality, 

but one of emergence. Indeed, as the notion of organisation within the complex digital 

economy diverges from its former narrative of stability and structure, toward one 

accommodating spontaneous phenomena and evolving dynamical systems, calls 

for a complex view shall undoubtedly intensify. 

No longer a linear process of strategy and planning, the commercialisation of new 

products and services increasingly entails vigilance toward consumer feedback, 

market validation and in-use dynamics; almost as if it were in a state of 'perpetual 

beta.' Thus, instead of enforcing strict rules of engagement, adaptive businesses 

remain sensitive to change, chance, participation, diversity, information flow and 

acquisition. They focus their efforts toward a detection of market emergence and 

when found, leverage off their current position to give it the push it needs. As a 

result, in addition to enacting methods which seek order and efficiency, modern 
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organisational system development also reqwres softer or more inductive 

methods, approaches which continuously disturb bounded regions of organisation 

to discover new innovation and knowledge. These methods do not necessarily 

attempt to make sense of what is known, so much as uncover patterns 

(knowledge) in the unknown by experimenting in the margins and developing new 

theory. Indeed, the emergence of a complex digital economy has forced many 

organisational systems to be in constant pursuit of strategic and market alignment; 

the regenerative mission of balancing methods of creativity and efficiency unto 

the evolutionary advancement of organisational system structure (form), function 

and behaviour. The enactment of which is likely to employ complex digital business 

rystems to assist in the participative detection and development of ever-emerging 

market phenomenon. 
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Terminology 

This is a full list of referenced terminology employed throughout the entire thesis, 

including terms employed within the thesis's introduction, body and endnote 

sections. 

Action research 

A type of research methodology often used within socio-technical problem 
spaces. Action Research provides a rigorous and proven platform for 
conducting research within emergent environments (problem spaces), or where 
it is expected that the research process itself is likely to influence, and be 
influenced by, the active participation of the researcher. 

Adaptive 

Having the capacity to respond and cope with environmental changes. The 
capacity to adapt within this thesis relates the proficiency of an organisational 
system (complex business system) to speedily respond in a constructive manner 
to internal and external changes. 

Contrast to: Generative. 

Allopoiesis 

The metaphor for machine-level complexity. An allopoietic system is 
understood by its linear input-output relations whereby the product of its 
functioning is something other than itself e.g. production line. Allopoietic 
systems are susceptible to the forces of entropy and require maintenance (i.e. 
energy or work) to be imparted upon them in order for them to remain . 
productive. 

Contrast to: Autopoiesis. 

Attractor 

As the name suggests, attractors, 'attract' or pull the function and behavior of a 
system within particular environmental (internal and/ or external) conditions. 
Various attractors affect the function and behavior of systems. Those which 
constrain the phase-space of a system to some known single point, or to some 
known periodic cycle are often refereed to as stable or equilibrium attractors, 
whilst those which draw the system toward instability are often known as 
unstable or disequilibrium/disintegration attractors. Additionally, another type 
of attractor, known as a strange attractor is said to govern the function and 
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behavior of truly complex systems. \xrhile affecting seemingly random 
behaviour, chaotic strange attractors actually exhibit a more complexly ordered 
pattern. 

Autopoiesis 

Linked with cognition in Maturana and Varela's famous living systems theory of 
'autopoiesis and cognition,' autopoiesis (literally 'self-making') highlights the 
premise of the living being the continuous extraction of environmental 
information which acts as positive feedback to the system, pushing it to 
continuously 'self-make' and achieve higher, more complex orders of structure. 
Autopoiesis is the scientific analogue for the 'living company' view of 
organisational systems. 

Contrast to: Allopoiesis. 

Basin(s) of attraction 

A basin of attraction is the set of all points in phase-space which are drawn 
toward a particular attractor. Goldstein (2001) describes the notion of a basin 
of attraction using the analogy of a sink and drain, 'If one imagines a complex 
system as a sink, then the attractor can be considered the drain at the bottom, 
and the basin of attraction is the sink's basin.' 

Bifurcation 

Bifurcation demarcates moments in the evolution of a complex system whereby 
it must choose between available possibilities Qn consonance with the reigning 
attractors within the landscape at that time). Bifurcation introduces the concept 
of irreversibility into complex systems' evolution, via the ever-branching of 
system paths, and subsequent dissolvence of options after branching. 

Business ecology 

The continuously regenerating complex landscape of customers, suppliers, 
competitors, complementors, cultures etc. within which all organisational 
systems (complex business system) are immersed i.e. both influence and are 
influenced by. 

Co evolution 

The inter-relational evolutionary directive of complex adaptive systems. 
Complex systems engage and interact with other systems and the environment 
of their immersion, exchanging matter, energy and information toward an 
achievement of the own unique purpose. Such dynamic interaction 
continuously regenerates the shape of the overall fitness landscape in which 
they belong, subsequently affecting their behaviour and options for further , 
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progression. 

Cognitive complexity 

The classification of complexity exhibited by autopoietic systems i.e. living 
systems. 

Communities of practice 

Social (often informal) networks which bring together people of common 
awareness and concern to discuss and examine topics of interest and to work 
toward some common goal or purpose. Agents participating within 
communities of practice generally seek goals of innovation and the spreading of 
ideas; a novel approach to the socially-stimulated development of knowledge 
and accelerated learning in professional organisational systems. Communities 
of practice are often facilitated by collaborative ICTs. 

Complex adaptive system 

A system consisting of a number of (possibly nested) agents interacting with 
other agents in a coevolutionary behavioural loop of discovery, choice and 
action. Each agent behaves according to individual and group schemas, that is, 
singular and collective rules of behaviour, that require them to inspect/respect 
each other's behaviour and adjust their own in the light others' behaviour i.e. 
complex adaptive systems are learning systems which coevolve via an 
interaction with other complex adaptive systems. 

Complex business system 

Complex business systems are complex adaptive human systems engaged within 
commercial purposes, exhibiting an extended capacity to self-instigate 
transformations within their structure (form), function and behaviour. 

Complex control parameters 

The variables pertaining to complex adaptive systems' behaviour (including 
organisational behaviour) can be separated into the following, 1) information 
(energy) flow and density, 2) the number and strength of agent connections 
within the system and 3) the degree of agent diversity (value schema 
differences) within the landscape (Stacey, 1996, Stacey, 2001). Far-from-
equilibrium conditions may arise where there is a rapid dissipation and/or 
fluctuation of control parameters within a complex system, often resulting .in 
emergent behaviour. 

Complex digital business system 

Complex digital business systems are interactive, online social ICTs (e.g. 
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Web2.0 systems) which connect and engage paruc1pants from diverse 
backgrounds. In promoting information exchange and online (social) 
collaboration between parties, these systems often exhibit self-organising 
and/ or emergent behaviour, resulting in their value strengthening over time as 
they evolve in structure (form), function and behaviour. 

Complex digital economy 

The term complex digital economy intends to call to attention the reality of 
uncertainty and emergent phenomenon within the new economy as triggered by 
the digitally-induced amplification of such system control parameters as 
information, connectivity and diversity of agent schemas. Such parameters are 
readily accessible (and/or occurring) within the complex digital economy and 
due to the non-diminishing products of their interaction (i.e. new knowledge), 
emergence may be exponentially catalysed. 

Complex human systems 

The classification of complex system exhibiting self-reflective complexity. 

Complexification 

The mandate delineating complex systems' survival in a competiuve world. 
Complexification relates the emergence (unfolding) of an ever-increasing 'order 
for purpose' within complex adaptive systems. 

See also: Dissolvence. 

Complexity sciences 

Refers to the complimentary fields of chaos, complexity and complex systems 
which together have formed a multidisciplinary science able to provide tools 
and measures for analysing the common themes arising in natural, artificial, and 
social systems. 

Control parameters 

See: Complex control parameters. 

Determinism 

The perspective of system evolution which suggests that universal (time and 
space independent) rules govern system behaviour and development and that 
from any particular initial state, only one system path is possible and predictable 
(Prigogine, 1996). 

Digital business ecosystem 

A term coined by the Information Society Technology Program of the 
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European Commission the digital business ecosystem is an ambition project 
into the development of knowledge-based, networked business systems of 
SMEs. The goal of the DBE is to create Internet-based 'evolutionary' and self-
organising digital technologies, providing SMEs with world-class business 
development tools and services. These ecosystems intend to support greater 
inclusion, local innovation, partnership and development opportunities by 
connecting SMEs to wider, more diverse networks of expertise via a common 
channel infrastructure. 

In more general terms, a digital business ecosystem relates to the increasingly 
participative and accessible online business ecology as catalysed by more recent 
dissemination of interactive Internet technologies (e.g. Web2.0). 

Disequilibrium attractor (disintegration attractor) 

See: Unstable attractor. 

Dissipative structures 

Dissipative structures appear at the nonlinear transition from one attractor to 
another in response to the system being pushed far-from-equilibrium. 
Emerging without imposed hierarchical mandate or blueprint (i.e. 
spontaneously), such structures dissipate energy through the system so as to 
enable the system to self-organise and find a new order at a critical point of 
instability. 

Dissolvence 

Relates to the ever-branching of system paths; where the symmetry of 
possibilities is broken, and future direction restricted to a new set of 
possibilities. The phenomenon of dissolvence is directly tied with 
complexification, with the former related to the irreversible restriction of 
possibility enforced when the system finds a new order for purpose 
( complexifies). 

See also: Complexification. 

Emergence 

The resultant (often spontaneous) product of the context-dependent interaction 
of nonlinear dynamical control parameters, agents, and/ or systems etc. 
Complexification is one such product of emergence, exhibited when a system is 
pushed far-from-equilibrium and forced to react to find a new state of order 
pursuant with its purpose and/or preservation of being. 

See also: Complexification. 

195 



Terminology 

Entropy 

For isolated or closed (equilibrium-seeking) systems, entropy is a function of 
the state of the system which reaches a maximum at thermodynamic 
equilibrium; a state of maximum disorder in which no more purposeful work 
can be extracted. 

Equilibrium attractor 

See: Stable attractor. 

Far-from-equilibrium 

A moment in a complex system's evolution where a high degree of instability is 
experienced due to rapidly fluctuating control parameters. Far-from-
equilibrium conditions signify a critical threshold of system instability, whereby 
the system is usually forced to spontaneously 'crystallise' and find a new internal 
order. After such events, a new overall structure (form), function or behaviour 
emerges. 

See also: Emergence. 

Generative 

Having the power to ongmate, generate, propagate, procreate or produce 
change. Within this thesis, generative relates to the aptitude of the 
organisational system (complex business system) to not only adapt to change 
(which has connotations of reactivity and passivity), but rather having the 
capacity and competence to originate, influence and drive change itself. 

Contrast to: Adaptive. 

Global knowledge 

Relates to a working knowledge of the complex system at large. Such 
knowledge is required to examine local problem spaces for emergence (in light 
of larger system characteristics) and sanction local/ global processes which 
positively assert the system's overall evolutionary positioning. 

Contrast to: Local knowledge. 

H yper-cornpetition 

Relates to the business ecology (environment) of rapid change and uncertainty 
as induced by self-reinforcing cycles of innovation and competition. 

Knightian uncertainty 

Knightian uncertainty is simply unmeasurable risk. In relation to this thesis, the 
term intends to highlight the latent (unknown) uncertainty made real by the 
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coevolution of the complex business ecology. Such a concept is in stark 
difference to rational economics' uncertainty where the mathematical definition 
of the problem situation can map directory to an experienced reality e.g. 
flipping a coin, or rolling dice. 

Knowledge creating view 

Relates to the meta-methodology of the 'knowledge creating company' as 
documented in Nonaka and Takeuchi (1995) and von Krogh, lchijo et al. 
(2000). 

Knowledge creation (innovation) 

Knowledge creation (innovation) is a systemically-orientated organisational 
competency involving often chaotic and emergent social processes i.e. 
approaches which are neither systematic nor prescriptive. Such processes 
promote the dynamic interaction and engagement of agents and the overall 
organisational system (complex business system) to the environment of its 
immersion in order to detect emergent patterns in regions of non-equilibrium. 
Due to its ability to drive the innovation necessary to maintain operational 
(market) congruence, knowledge creation is essential to the sustained 
competitiveness of the complex business system. 

Knowledge management 

An often misunderstood concept, knowledge management is a popularised 
organisational competency generally concerning the management and 
cataloguing of 'what already exists' within the organisation. The confusion 
stems from the usage of the word 'knowledge.' As organisational knowledge 
creation (innovation) has been identified as the key capability for maintaining 
competitiveness within the complex digital economy, often tools and processes 
for managing 'what already exists' are employed toward the creation of 'what 
does not yet exist.' This obviously does not yield the desired results. Thus, the 
commonly accepted definition of knowledge management has little to do with 
knowledge creation and rather, is more concerned with the management of 
information (often referred to as explicit knowledge). 

Knowledge worker 

The term knowledge workers as coined by Peter Drucker (and whose definitive 
description has been contested for decades) refers to the fundamental shift in 
the foundational resources of new organisational value from the Capitalist 
virtues of land, labour and financial capital, to knowledge and continued 
learning (i.e. human capital). A knowledge worker is a professional whom 
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applies their intellectual capacities to the employment, acquisition, processing, 
and communication of knowledge and information as part of their every-day 
work. 

Leaming view 

Relates to the 'learning organisation' meta-methodology as presented in Senge 
(1990b), Senge (1990a) and Senge, Kleiner, Roberts et al. (1994). 

Living view 

Relates to the 'living company' meta-methodology as delivered into the 
mainstream management literature in de Geus (1997) and de Geus (1999). 

Local knowledge 

\Vithin the composite topology of complex business systems, at each 
descending level of subsystem (and up until the individual knowledgeable 
agent), meaning, purpose and belief take on certain space-time dependent 
characteristics. Hence, local knowledge emphasises the spatiotemporal 
subjectivity of the social Constructivist-like view of knowledge and the inability 
for globally (or universally) Objective methodology to find solutions to 
complex business problems i.e. wicked problems. 

Contrast to: Global knowledge. 

Machine complexity 

The classification of complexity as exhibited by dynamic (and fluctuating) 
allopoietic systems. Depending on the number and future knowledge of system 
control parameters (and their configuration space), machine complexity may or 
may not give rise to predictable behaviour. 

Online knowledge networking 

Made possible by the interactive Internet platform, online knowledge 
networking relates to the ability for human social networking and knowledge 
creation (innovation) to be both enhanced and amplified via interactive, online 
social ICTs (like Web2.0). Online knowledge networking involves the efficient 
fashioning of self-organising and self-sustaining online communities upon a 
common technological infrastructure platform. Such networks connect often 
geographically disparate and socially diverse knowledgeable agents (i.e. 
professional knowledge workers, consumers etc.), providing for effective and 
efficient information and value exchange. These extensible, virtual, 24x7 
accessible social community spaces, facilitate open communication, the sharing 
of ideas, propagate and reward quality and allow for permission-based data 
mining and trend detection; characteristics conducive to innovation, 

198 



Terminology 

entrepreneurship, partnership and overall system development and 
advancement. Participation within these networks is encouraged via a sense of 
anticipated reciprocity, improved reputation, efficacy and community; 
motivations which reward both established and new entrant alike. Online 
knowledge networks evolve via a dynamic balance of openness and structure, 
relying upon the interaction of their participants (social network linkages and 
communications, feedback, opinions etc.) which acts to continuously enhance 
the overall value, strength and position of the system. 

Online social networking 

Online social networking involves the connection of individual and often 
decentralised human agents, to other agents, creating virtually connected 
communities. Emerging within both the popular and business sectors, online 
social networking systems offer an !CT-enabled shared space and commonality 
of purpose. The virtual nature of these social networking systems enables an 
extension of traditional human social networking potential; a behaviour 
conducive to the rapid achievement of personal goals. 

Phase-space 

Phase-space denotes the various possible spaces (areas, states etc.) a system may 
venture into at points along its evolutionary path. At each point in phase-space, 
a system's control parameters (degrees of freedom) may be represented in terms 
of their potential configuration space which collectively affects the subsequent 
narrowing or broadening of the overall system's potential states. The 
dimensions of phase-space depend on the number of system control 
parameters used to characterise the system's state at one point in time. These 
parameters may temporally shift due to the internal and external pulls of the 
attractor landscape (Goldstein, 2001). 

Reflective consciousness 

Reflective consciousness is that which separates humans from a sole cognitive 
existence. Reflective consciousness embodies such competencies as our ability 
to employ technology and language, to formulate mental models, goals, beliefs, 
values and strategies, and to derive purpose and intention from these. 

Self-determination 

The capacity to exercise volition. For example, self-determination enables a 
person, or complex human system to self-actualise in ways which may 
contribute significantly to its own advancement (evolutionary progression). 

Self-organisation 
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A process within complex systems triggered when the system is pushed far-
from-equilibrium due to fluctuations in the system's control parameters 
reaching critical values. The result of self-organisation is the emergence of new 
structures, patterns, and/or properties which arise without being externally or 
internally imposed on the system (Goldstein, 2001). 

Self-organising complexity 

The classification of complexity exhibited by all systems, (living and non-living), 
capable of energy dissipation and the crystallisation of new order far-from-
equilibrium. 

Self-reflective complexity 

The classification of complexity exhibited by complex human systems. 

Self-similarity 

Relates to a characteristic of complex systems which, at ever-descending levels 
of structure, display characteristics which are always recognisable (depending on 
the way you look at it), but never exactly the same. Self-similarity enables 
inferences to be made regarding a subsystem's micro and macro states' 
structure, function and behaviour. 

Spatiotemporal subjectivity 

A perspective on the uniqueness of context, interpretation and meaning 
produced by time-space dependent perception and social human existence. 

Stable attractor 

An attractor which constrains the phase-space of a system to some known 
single point, or to some known periodic cycle. 

Static complexity 

The classification of complexity as exhibited by allopoietic systems without 
dynamical movement in their control parameters. Systems which exhibit static 
complexity and larger numbers of known control parameters (and their 
configuration space) are not complex systems, but rather complicated. 

Strange attractor 

An attractor which possess the contradictory characteristic of an orbit which 
never repeats or crosses (possessing an infinite amount of paths), yet lies in a 
finitely describable space i.e. is both stable and unstable. Chaos is one such 
strange attractor. 
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Synergistic phenomena 

Synergistic phenomena are said to be critical to the catalysis of purposeful 
advancement within living systems. Such phenomena highlight the accelerated 
learning and prodigious evolutionary creativity exhibited by systems partaking 
in lasting coevolutionary (and symbiotic) dances of cooperation. 

Systematic 

Relates to reductionism-influenced methodology which aims to systematically 
(methodically) reduce a system into its constituent parts for individual analysis, 
assuming that the whole is equal to the sum of the parts. Systematic 
methodology assumes an objective description of time i.e. time is independent 
of the problem space being examined. 

Contrast to: Systemic. 

Systemic 

A systemic approach (methodology) embodies principles of holism in the study 
of phenomenon relating to, or affecting an entire body or an entire system (e.g. 
biological organism) as a whole. In other words, a systemic methodology is an 
approach which is founded on the assumption that the properties and 
behaviour of a system cannot be simply determined or explained by systematic 
reductionism (the analysis of the sum of its parts in isolation), but instead the 
behaviour of the parts should be studied as they interact with other parts (and 
the system's environment) within the context of the system 'in use.' 
Methodologies of this nature are founded upon a belief in the irreversibility of 
system trajectory and the subjectivity of time. The systemic approach can be 
contrasted to the Objectivist and scientific (reductionism-influenced) systematic 
approach, which aims to methodically and rationally reduce the system into its 
constituent parts for individual analysis, and assuming time is independent of 
system evolution. 

Contrast to: Systematic. 

Teleonomy 

Teleonomy is the science of adaptation, of understanding the evolved and 
apparent purposefulness of agents and complex systems Foote & Hill (2000). 

Unstable attractor 

An attractor which draws the system toward instability or disintegration. 

Web2.0 
Much more than technological hype, Web2.0 embodies the evolutionary 
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progression of Internet technology and usage dynamics toward a more 
interactive and agile existence. As such, Web2.0 promises to improve personal 
networking and relationships, stimulate the exchange of ideas and values, 
amplify personal opinions, build reputations and catalyse the development of 
new products and services. Making this possible, is Web2.0's ability to extend 
the traditional value of the Internet from information acquisition alone and 
instead, foster the socialisation of experience; user-generated content deeply 
seeded within personal judgements and contexts. 

\Vicked problem 

The concept of a wicked problem encapsulates the fuzzy, indeterminate, 
spatiotemporal subjectivity of real life problems, able to be approached with a 
multiplicity of human perceptions and whose boundaries are characterised by a 
coevolving, nested and interdependent environment. \Vicked problems are 
unique, have no stopping rule, no objective claim to repeatability and are often 
related to any number of other problems and problem situations (Rittel & 
Webber, 1973). Conventional thought suggests that wicked problems may not 
be able to be 'sohred,' so much as 'survived.' 
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Appendix A. Intellectual Capital 

Introduction 

The intangible nature of organisational intellectual assets has been a point of 

much debate for decades. It is said that the economist John Kenneth Galbraith 

first coined the term 'Intellectual Capital' (IC) as early as 1969 and since then 

there have been various contributors to the effort including, Sveiby (1997), 

Ste\vart (1997) and the Skandia group (1996). During this time, such advances in 

the measurement of intangible organisational capital have been buttressed with 

developments in the area of knowledge creation by such authors as James Brian 

Quinn and Japanese professor Ikujiro Nonaka. However, as the intellectual assets 

of an organisation and its knowledge are indissolubly fused, as a concept, some 

authors argue that IC should not be limited to just one concern or the other, but 

instead address the measurement and management of all organisational intangibles 

(Roos, Roos et al, 1996). This has confused many organisations, not sure of the 

differences between knowledge creation and IC management. However, 

regardless of which approach is taken, the growing interest in IC has been 

. spawned from a widespread acknowledgement that the real value of an 

organisation, the ability for it to continuously deliver on its strategic goals, extends 

beyond the 'after the fact' simplicity of bottom line thinking, toward its structural 

and human capital (Edvinsson & BuckLew, 1999). Indeed, the financial wealth 

of most knowledge intensive companies is not so much a function of their 

existing hard assets, as it is a function of their ability to put these assets to work 

and leverage their human and structural resources toward the continuous creation 
of new wealth. 

Models of Intellectual capital 

From its beginnings in 1991, Skandia AFS, a financial services company based in 

Sweden, has provided a popular model of IC. Publicly documented in Skandia's 

199 5 annual report, the Skandia model describes IC as being composed of 'human 

capital' and 'structural' capital (see Figµre XVI below). 
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Figure XVI : The Skandia model of intellectual capital 

Market Value 

Financial Capital 
(Stakeholdcr's Intellectual Capital 

Human Capital Structural Capital 

Cuotomcr Capital Organisational 
Capital 

Innovation Capital Process Capital 

lntellecrual Property Intangible Assets 

Adopted from Skandia (1996) and Roos, Roos d aL,(1996) 

Since this time various other models have emerged to help describe the dynamics 

and interdependencies of the model (Roos, Roos et al, 1996, Sveiby, 1997, 

Grasenick & Low, 2004). Indeed while the Skandia model provides for a 

dissemination of the static elements of what IC is, it neglects (intentionally) to 

provide meaningful insight into how each of the constituting elements relate or 

dynamically interact to create value, or as Roos, Roos et al (1996, pg. 53) suggest, 

''the flowr of capital" (e.g. how does human capital relate to innovation capital to 

create intellectual property?). Such dynamical insights are closer to that of 

knowledge creating theory than they are to IC theory. Thus, within this research 

report Grasenick and Low (2004)'s approach is adopted in principle, as although it 

doesn't attempt to describe the dynamics of IC, it does account for its entity 

division and 'linkage' dimension. In consolidating the literature, Grasenick and 

Low (2004) provide the following three dimensions of IC: 

Table VII: Grasenick and Low's dimensions of intellectual capital 

Human capital 

The individual knowled e which members of the or assess and take 
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with them. Such knowledge (know-how) is said to include personal knowledge, 
skills, attitudes, experiences, competencies and the intellectual agility of people. 

Structural capital 

The collective pool of objective knowledge (know-what) which remains within 
the organisation irrespective of members coming and/ or going. It comprises 
the intellectual property, policies, routines, procedures, systems, cultures, 
databases, etc. 

Relational capital 

Resources linked to the relationships of the organisation such as its customers, 
suppliers or partners/ collaborators (and competitors). It comprises that part of 
human and structural capital affecting the organisation's external relations with 
stakeholders, as well as the community perceptions that are held about the 
organisation (customer loyalty, brand, reputation, etc.). 
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Appendix B. Social research foundations 

A quick look at the foundations of social research 

Social research involves a comprehension of not only methodologies and methods 

of data collection and collation, but also of the theoretical perspectives which 

frame and provide context for the knowledge which is claimed to be created via 

them. In particular, social research addresses the epistemological and ontological 

assumptions and beliefs delineating the problem space, concerns which not only 

usually emerge together (Young, 1991, Crotty, 1998) but also, broadly determine 

the context for correct methodological inference (Butler, Scott et al, 2003). 

Hence, we can see that within the field of social research, relationships exist 

between ontology, epistemology, methodology and method. In response to a lack 

of clear guidelines in this area, Crotty (1998), provides a detailed examination of 

the foundations of social research. He explains that social research is usually 

demarcated by a research 'framework' (epistemology, ontology and theoretical 

perspective) and pursuant research 'design' (methodology and methods): 

Figure XVII : The social research process 

Theoretical 
Perspective 

'---~~~ ~~~__. 

Methodology 

Methods 

Epistemology: The philosophical theory of knowlcclge, 
concenie<l wirh its source aml origins. Embodied in the 
Theoretical Pcrspecth·e and is inscparnble from onrology. 

Ontology: Br.mch of philosophy th:u deals with the nature 
of being and the structure of rcaliry /existence i.e. essential 
propcrti<.-s and relations.hips of being. 

Theoretical Perspective: The plulosophical stance 
(Jx:rspcctivc) which underpins and provides concext for the 
chosen methodology. 
Methodology: Strategy or plan of action influencing the 
choice and re:ilisation of methods. 

Methods: Techniques and proc..xiurcs used to gather and 
analyse the Jata/infom1ation ("rubber to the road" aspect}. 

Adopted from Crotty (t 998, pg. 1-17) 
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Appendix C. Social network analysis 

Introduction 

The growth and popularity of online soda/ netu•orking sites like Linkedln and 

Friendster has seen an interest in their measurement and analysis. Traditionally 

employed in the fields of sociology and anthropology, Social Network Analysis 

(SNA) is helping shape new applications within the information science and 

organisational development space. In general, SNA provides tools for the 

mathematical analysis of human social relationships, with various visual aids also 

available to assist in understanding. 

Applications of Social Network Analysis 

Krebs (2006) describes some of the many applications of social networking and 

SNA: 

• Improve innovation within research groups. 

• Find emetg,ent leaders in fast growing companies. 

• Determine influential players in differing fields. 

• Map personal networks and know-who based on communication flows. 

• Discover the network of innovators within regional economies. 

• Analyse selling patterns to better position new offerings. 

• Map entrepreneurial activity within specific market spaces. 

• Find go-to people in various knowledge domains. 

• Map interactions and eme'l,ent themes amongst biogs on various topics. 

• Map national networks of professionals involved in change efforts. 

• Improve the functioning of various project teams. 

• Reveal cross-border knowledge flows and areas for improvement. 

Background 

At the heart of social network theory is the unconventional philosophy suggesting 

that the relationships between individual agents are just as, if not more important, 
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than the attributes (or qualities) of the agents themselves. In the general study of 

social networks, such agents are commonly referred to as 'ties' (links) and the 

agents themselves, 'nodes.' In this view, an individual's power (ability) to achieve 

their goals if often highly correlated to the number of links they possess to other 

agents117
• In social network theory, there can be many types of links between 

agents, including both formal and informal. The network can also be used to 

determine the social capital of individual actors by indicating the weight of their 

interconnections e.g. from weak ties to close .bonds. The maximum size of social 

networks tend to be around 150 agents (i.e. 'Dunbar's number') and the average 

size in the region of 124 (Hill & Dunbar, 2002). These concepts are often 

displayed in a social network map, where agents are the hubs and links are the 

lines between the hubs (as illustrated in Figure XVIII below). 

Figure XVIII : Social network map 

0 Individual ngent (node) 

- Agent link (ries) 

The analysis of social networks can be used to discover shadow (informal) 

communication networks within and across organisational systems. \Vhen 

coupled with demographic and other profile information about the agents within 

the network, SNA can be a powerful tool for identifying market niches, solving 

problems and determining the most efficient means of dissipating ideas and 

promoting new products and services through the network. In terms of 

'knowledge networking: online social networks deliver a shared space which 

promotes trust, the connectivity of agents, the exchange of ideas and the requisite 

variety and differentiation required to nurture innovation. In turn, the analysis of 
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such dynamic information flow across agents' links may empower the detection of 

new market trends and tipping points (emergent behaviour). The online 

encyclopedia \V'ikipedia, itself largely comprised of social agents' interactions, 

describes the usefulness of social networks and SNA in the following terms: 

.. The shape of the social network helps determine a net\vork's usefulness to 
its individuals. Smaller, tighter networks can be less useful to their members 
than networks with lots of loose connections (weak ties) to individuals 
outside the main net\vork. .More 'open' networks, with many weak ties and 
social connections, are more likely to introduce new ideas and opportunities 
to their members than closed networks with many redundant ties. In other 
words, a group of friends who only do things ·with each other already share 
the same knowledge and opportunities. A group of individuals with 
connections to other social worlds is likely to have access to a wider range 
of information. It is better for individual success to have connections to a 
variety of networks rather than many connections within a single net\vork. 
Similarly, individuals can exercise influence or act as brokers within their 
social networks by bridging t\vo networks that are not directly linked (called 
filling structural holes)" (\Vtkipedia, 2006). 

Mathematical measures 

Finally, various mathematical measurements can be taken as part of any SNA in 

order to better understand its behaviour. These include (but are not limited to): 

• Betweenness 

• Closeness 

• Degree 

• Eigenvector centrality 

• Clustering coefficient 

• Cohesion 

• Constraint 

• Contagion 

> Density 

> Integration 

• Group degree centralisation 

• Radiality 

• Reach 

~ Structural equivalence 
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• Structural hole 
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Appendix D. Conditions for knowledge creation 

Introduction 

Within their knowledge creating organisational system theory, Nonaka and 

Takeuchi (1995) describe a series of 'enabling conditions for knowledge creation.' 

These conditions challenge the rationality and hierarchical power structure of the 

efficiency-seeking mandate of the 'company as machine' view. In contrast, these 

authors draw attention to the increases in individual motivation and creativity 

made possible via an empowerment of autonomy and mobility and to the 

requirements for redundancy and variety in agent schemas. In later publications, 

von Krogh, Ichijo and Nonaka (2000) and von Krogh, Ichijo and Nonaka (2001), 

further complement their original conditions by suggesting the an additional need 

for developing a time/space sensitive context for knowledge creation called 'ba' 

(or 'place') as well as the role of trust, empathy care and courage. 

Enabling conditions for knowledge creation (condition set 1) 

The follO'l.ving conditions for knowledge creation have been extracted from 

contributions made by Nonaka and Takeuchi (1995): 

Table VIII: Enabling conditions for knowledge creation (condition set 1) 

Intention 

Relates to the underpinning organisational intention and purpose (embodied 
within standards, policies, visions and leadership) and the ability to develop an 
individual/ collective commitment to the intention and purpose. Such a 
concept encompasses the alignment and communication of the values and 
beliefs at all levels of organisation, which provide context and motivation for, as 
well as justifying the premise for why knowledge is being created. Intention 
may be what de Geus (1997) was referring to when he emphasised the concept 
of awareness of corporate identity. 

Autonomy 
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The empowerment of autonomy and mobility increases individual motivation 
and the potential for creativity due to lesser inherent formalisation and the 
freedom for individual discovery within their space. However, the .re!forxanising 
phenomenon of autonomous agents often plagues the ability to maintain a 
collective organisational development direction, and thus the challenge becomes 
the discovery of unique context sensitive balances of methods of efficiency and 
creativity whereby semi-structured direction is maintained within an otherwise 
free and open environment. In finding this balance, the hierarchically dictated 
mandate of structured organisational behaviour and development replaced with 
the 'helping hand' metaphor. 

Fluctuation and creative chaos 

When a large enough 'fluctuation' (of information, agent diversity or 
connectivity) is experienced within an organisation, its members are forced to 
reflect upon their own preconceptions and assumptions and question the 
validity of their basic attitudes. Environmental fluctuations often trigger 
positive-feedback conditions within the organisation forcing the organisation to 
farfrom-eqm'/ibril1m states and mandating the creation of new knowledge 
(innovation) to find order once again. 

Fluctuations can be developed naturally in the due course of business (e.g. 
dramatic changes in the competition landscape) or can be triggered intentionally 
(internally) to stimulate conditions conducive to innovation. A large positive-
feedback 'fluctuation' is one which is able to superimpose the otherwise normal 
negative-feedback (equilibrium-seeking) fluctuations and send the system into a 
positive self-reinforcing cycle heading toward chaos (i.e. farfrom-eq11ilibri11m). 

Farfrom-eq11ilibn'11m conditions are mandatory for innovation; however, without 
the purposively directed knowledge applied to reduce the internal entropy 
induced by the onset of chaos, the organisation may head too far toward 
disorder, leading to a disintegration of intention and direction. In such 
situations, the se!frejlective capacity of the individual/ collective delivers the 
wisdom (strategic capacity) to channel the faculties of new knowledge 
construction toward the problem space to bring about requisite order. 
Organisations most capable of finding this new order farfrom-eq11ilibrilfm have 
the edge in the competitive world. 

Redundancy 

Redundancy between individuals within an organisation promotes the sharing 
of knowledge, because individuals are sensitive toward what others are trying to 
say. An appreciation of the knowledge shaping another's beliefs and attitudes is 
fundamental to establishing a 'common denominator' of expectation and 
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concern. Redundancy in this respect is about developing an overlap of 
commonly held individual/collective knowledge, which stimulates a 
knowledgeable social discourse on a commonly understood subject leading to 
an empathic (more purposive) capacity for learning. 

Reducing such differentials means that more individuals are able to relate to 
each other in common terms, helping to speed up the process of knowledge 
creation. However, there exists a paradox between the capacity for creating 
new knowledge via measures of redundancy and the added information 
processing required, as the rationality of the 'company as machine' metaphor 
leaves little room for slack resources. 

Requisite variety 

Diversity assists in the development of the multifaceted interpretation of 
contexts required to make sense of complex and often paradoxical 
internal/external environments. Diversity empowers pluralist perspectives of 
information, opening up the ability for multiple interpretations of a complex 
problem space, thus improving the capacity to both innovate and cope in times 
of contingency. However, the timely and accurate access to such information is 
critical, and developing a flat and flexible organisational structure (information 
network) is mandatory when dealing \vith the complexity of the environment. 

Enabling conditions for knowledge creation {condition set 2) 

The following conditions for knowledge creation have been extracted from 

contributions made by von Krogh, Ichijo and Nonaka (2000) and von Krogh, 

Ichijo and Nonaka (2001): · 

Table IX: Enabling conditions for knowledge creation (condition set 2) 

'Ba' Cor 'place') 

Developing a time/ space sensitive context for knowledge creation is critical to 
tapping into the subjectivity of a socially constructed knowledge. Ba provides 
this shared social context (of physical space, values space and beliefs space) for 
the spatiotempora/fy subjective exchange of individual and collective information 
and knowledge. 
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High-care Organisation 

A communally held feeling of organisational care is fundamental to 
cooperation, sharing, loyalty and creativity. Care within an organisational 
context is broken down onto five (5) interdependent dimensions: 

> Mutual Trust: Trust is a firm, yet fragile belief in the honesty, 
truthfulness, justice or power of a person or entity. Firm because it 
both asserts and dictates our behaviour, but fragile because of its 
dependence upon the fundamental human physiological needs, as 
well as needs for consistency (stability) and belongingness. Trust 
frequently compensates for a lack of knowledge (e.g. you can never 
know all of somebody's motivations), yet people cannot grow and 
actualise unless there is an established level of mutual (reciprocally 
developed) trust between them. 

> Active Empathy: Active empathy is about proactively seeking to 
understand another's knowledge space by putting yourself in their 
shoes and seeing the world through their eyes. While trust develops 
care, empathy is essential for gaining perspectives on emotional 
knowledge which often underpin our behaviour, via sensitivity 
towards others' needs. 

> Access to Help: Care within the organisation extends to the 
provision of accurate, accessible, timely and tangible help (help 
extends to both human and inanimate or informational mediums). 
Activities of mentoring as well as the time tested master-apprentice 
paradigm are enveloped within the role of the 'caring expert,' an 
organisational member who has reached a mastery level knowledge, 
made responsible for the oversight of the knowledge creation 
processes of newer members. 

> Lenience in Judgement: For somebody to grow, they need to 
experiment and take reasonable risks within the margins, but not be 
harshly criticised in times of failure (obviously dependent upon the 
specific context of situation, background and physiological state). 
The 'caring expert' needs to know both when to bite their lip and 
when to step in. 

> Courage: Fundamentally, courage is about having the capacity to 
challenge the way things are (i.e. if nothing changes, everything stays 
the same). Courage not only needs to extend into an encouragement 
of experimentation and reasonable risk taking, but also toward the 
challen · n of old, and introduction of new ideas and conce ts. In 
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other words, participants should be brave, and not be scared to voice 
their concerns/ideas etc. 
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Appendix E. DEST2007 Paper 

The emergence of complex digital 
business 

Martin M. Scicluna1 

1Martin Scicluna, Faculty of Engineering, University of Technology Sydney, 

Australia. e-mail: martin.m.scicluna@uts.edu.au 

Presented at the IEEE's inaugural international conference for Digital 
Ecosystems and Technologies (DEST) in Cairns, Australia February 2007. 

Abstract- within the last few decades, 
Information and Communication Technologies 
(IC1) have transformed the face of business, 
prompting the evolution of a more complex 
and dynamic digital economy. Such 
technologies disrupted the very fabric of 
business operations, affecting wholesale 
adaptation and subsequent reliance. 
Nonetheless, with new breeds of interactive 
social mediums like Web2.0 threatening to 
again alter the rules of engagement, 
management is steadily seeking a better 
understanding of how to cope with change and 
uncertainty. It is here where the science of 
complexity offers insight into the intricacy of 
modern organisational system reality, 
unearthing a context unto which a new 
appreciation of organisation design and the 
processes of its transformation may be 
inferred. Not serendipitously, the application 
of these systemic approaches to organisational 
system behaviour and development is 
delivering a perspective which is participative, 
diverse, interdependent and emergent~ a 
compelling alternate view challenging 
mainstream organisational methodological 
selection and pursuant epistemological 
positions. 

Index Terms- coevolution, complex digital 
economy, emergence, organisational system 
development, Web2.0 

I. FROM THE SYSTEMATIC TO THE 
SYSTEMIC 

The application of interdisciplinary complexity 
sciences to organisational and social research 
has stimulated a profound shift in the 
understanding of organisational system design 
and the processes of its transformation [1-10}. 
In exposing the beginnings of an alternative 
ontological paradigm for organisational system 
reality, such e."<aminations are also delivering 
insight into the key principles of its complex 
and interdependent development (3, 9, 11]. In 
today's complex digital economy, 
organisational systems coexist and evolve 
within a transformative ecology of customers, 
suppliers, competitors, complementors and 
cultures [12]. Such exposure to changing 
internal and external influences and 
interdependencies introduces tremendous 
volatility into the operation of modem 
organisations, creating increasingly 
unpredictable and chaotic business outcomes 
[13-15]. Consequently, previously 
epistemologically privileged posmons 
supporting objectivity and repeatability in the 
application of systematic scientific processes to 
organisational system design and behaviour are 
being questioned. In their place, more holistic, 
context sensitive approaches are gaining 
momentum due to their ability to cope with 
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nonlinear causality and the subjectivity of 
problem space and time [16]. 

Much of the topical organisational science 
literature of the past decade has been 
transcribed upon a background of turbulent 
transition into the uncertainty of a complex 
digital economy. Within this problem space, 
the literature frequently makes metaphorical 
parallels to Rene Descartes' Cartesian world 
view and its concrete realisation, Ne\vtonian 
sciences' inability to deliver a purposive 
understanding of the frequently unpredictable 
business realities [13, 17, 18]. At the core of 
the linear and mechanical Newtonian paradigm 
are the beliefs of an equilibrium-seeking world, 
where control and the shared methodological 
directive of reductionism deli\'er the pretence 
of rationality, harmony, predictability, 
proportionality and consensus [6, 19-22]; a 
fundamentally Objectivist (but frequently 
implicitly held) position. In contrast, the 
paradigm of complexity claims to offer an 
understanding of the 'not-so-rational' 
behaviour of real world systems, as well as their 
emergent, coevolutionary, regenerative and 
subsequently indeterminate future. Thus, in 
disparity to the unidirectional cause-and-effect 
suppositions of systematic inquiry, a complex 
view of organisational system development 
calls for more systemic and holistic 
methodological approaches to develop 'fuzzy' 
representations of what is a complex 
organisational sys tern reality [19, 23]. 
Ultimately, complexity is providing compelling 
models for understanding the chaos of market 
and organisational system development. In 
doing so, it is exposing an impending need to 
develop better methods to both interrogate and 
participate within the complex digital economy; 
the capacity to harness the constructive forces· 
of change and uncertainty. 

II. THE NETWORKED REVOLUTION 

Stimulating much environmental change and 
volatility have been the technologies which 
connect society with information and each 
other. Most organisations have now heavily 
invested in JCT to master most, if not all their 
value-adding activities and en route, have 
become increasingly reliant upon them [24, 25]. 
Indeed, ICT greatly influences and supports 
almost every facet of the modern 
organisational system [26-28]. The effects of 
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this penetration are evident within both 
organisational design and the processes of its 
transformation. From the employment of less-
structured and decentralised 'a<lhocracies' 
replacing traditional hierarchical and 
bureaucratic designs [15, 23, 29-32], to the 
collaboration of cross-border knO\vlcdge 
workers seeking innovation goals, ICTs have 
forever changed the way the world docs 
business. In what Rayport and Sviokla [33] 
describe as a topsy-turvy networked world, 
modern organisations have been compelled to 
shift away from a monolitl1ic or pariah 
existence toward one of where value is derived 
from relationships and participation within 
networks [34]. 

Technologies of Internet connectivity, 
mobility, and mass information exchange have 
frrevocably altered the environment of business 
systems forcing organisations to continuously 
find ways to adapt and innovate. Within this 
turbulent environment, cooperative value-
networks (i.e. joint ventures, tactical and 
strategic alliances, partnerships, licensing 
agreements etc ... ) haYe emerged from Porter's 
linear value-chain [24, 35] as a means to 
transcend conventional boundaries and allow 
business to deliver on the fervent demands 
placed on new product and service offerings 
[25, 29, 36, 37]. Primarily enabling the 
collaborative potential of modern organisations 
is the ability to employ ICT across traditional 
boundaries, often extending organisational 
relationships into a 'virtual' space. These inter-
organisational partnerships commonly share 
the knowledge and experiences of their 
participants in an attempt to lever-age pools of 
complementary expertise (know-how) toward 
the achievement of joint goals. The maturity 
of such cross-functional taskforces and risk-
sharing partnerships, indicates organisations 
are beginning to accept a deeper sharing of 
collaborated benefits and losses [38]. Indeed, 
within an almost Keiretsu-borrowed 
framework [23], the increasing supply of skilled 
knowledge workers and enabling ICT 
infrastructure, buttresses cross-border 
knowledge creation and innovation capabilities 
both horizontally and vertically [39-42]. 

At the same time, demands on operational 
agility have caused many organisations to focus 
on the delivery of core value-adding work [14]. 
In an attempt to remain 'lean,' processes which 
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may not provide a direct strategic advantage are 
frequently outsourced to what is becoming an 
ever-competitive pool of external providers of 
expertise [14, 43]. Consequently, the demands 
of an ever-competitive digital economy have 
forced modern business to adopt an inter-
meshed and layered existence; the 'virtual 
integration' of the networked organisation [39, 
44-47]. Thus it is little surprise that within this 
emerging new order, that organisational 
systems which are most capable of creating and 
maintaining collaborative partnerships will be 
those best positioned to capitalise on new 
markets and opportunities [28, 46]. Indeed, the 
challenge facing most modern organisations 
within the complex digital economy is no 
longer just one of competitive advantage, but 
one of 'collaborative advantage' [48]. 

III. WEB2.0: THE NEXT FRONTIER 

Employed within established enterprise for 
years, JCT-enabled collaboration has now 
extended well into the small to medium 
business and social space. More recently, the 
growing interest in the sharing of knowledge 
and experiences online has catalysed what is 
colloquially referred to as Web2.0. This 
enhanced Internet rewards flexibility, ease of 
interoperability and lightweight design in 
system architecture and business model alike 
[49]. Demonstrated by the success of Internet 
phenomenon like Epinions, MySpace and 
Wikipedia, Web2.0 highlights how the sources 
of value created by online technology is 
shifting. Once centred upon structure and 
taxonomy, the Internet is now becoming an 
increasingly meshed and participatory platform, 
able to harness the collective social intelligence 
of disparate agents. In doing so, Web2.0 
extends the traditional value of the Internet as 
derived from information acquisition alone and 
instead, fosters the socialisation of experience; 
user-generated content deeply seeded within 
personal judgements and contexts. Pushing 
the borders of what could be argued as a 
knowledge (and not just information) transfer, 
such usage patterns typically enhance the value 
proposition of the overall system itself, making 
Web2.0 much more than just technological 
hype. 

Web2.0's rise in prominence is not due to any 
one single cause, but by a collective group of 
booming technology usage trends and business 
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design principles. The wholesale penetration 
of web logs (biogs), forums, peer-to-peer 
networks, feedback and opinion-based 
websites has transformed the Internet into a 
platform for human experience sharing; a place 
for people to spread ideas and voice their 
op1ruons. It is also offering a richer, more 
personal and increasingly on-demand user 
experience. Technologies like Asynchronous 
Javascript and XML (AJAX) and RSS are 
making the Internet 'live' and more responsive, 
creating new ways for content providers and 
subscribers to derive value from online 
interaction. Indeed, Web2.0 embodies the 
evolutionary progression of Internet 
technology and usage dynamics toward a more 
fluid and agile existence. 

One of the more compelling Web2.0 trends ro 
surface in recent years has been online social 
networking. Catapulted to mainstream 
acceptance by such websites as Linkedln and 
Friendster, online social networking involves 
the connection of individual and often 
decentralised agents, to other agents, creating 
virtually connected communities. Emerging 
within both the popular and business sectors, 
these social networking systems offer an ICT-
enabled shared space and commonality of 
purpose. · Within these systems, individual 
attributes of participants are seemingly not as 
important as the value derived from 
establishing relationships and links with other 
agents in the network. However, individual 
agency is not seen to be the primary motivation 
for their success. Instead, their principal value 
arguably resides in an implementation of 
psychologist Stanley :Milgram's concept of 'six 
degrees of separation'; delivering a sense of 
social inclusion and bdongingness by giving 
the user immediate access to an extensive set 
of referred contacts (potential friends, business 
partners etc.). Online social networking sites 
generally employ an exponential invitational 
scheme whereby friends and colleagues whom 
are invited to join subsequently repeat the 
process [50]. Hence, as the network increases 
in numbers, the value of becoming a new 
member (the ability make new contacts and 
belong to a larger group) also increases, as 
more and more people become only a few 
degrees away. Such, viral effects have seen 
many social networking sites grow tremendous 
user bases, some into the tens of millions. 
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Online social networking and online 
communltles are also progressively being 
viewed in terms of their potential to address 
innovation requirements within business 
sectors [51). In much the same way that 
YouTube and MySpace have, knowledge 
portals and online communities of practice 
bring together people of common awareness 
and concern to discuss and examine topics of 
interest. However, unlike the sense of fun and 
personal gratification granted by participation 
within popular social websites, agents 
participating within these online communities, 
generall}' seek goals of innovation and the 
spreading of ideas. As a result, in the absence 
of urgency, such communities of practice do 
not usually exhibit self-perpetuating or overly 
emergent behaviour and often require the 
facilitation of a knowledge broker and 
significant structural support in order to 
maintain their value [51]. 

Another trend catalysed by interactive Internet 
technology has been that of recommendation 
and reputation-based web systems. 
Capitalising on users motivated by feelings of 
anticipated reciprocity, improved reputation, 
efficacy and community [52, 53], the overall 
value proposition of such websites is ever-
strengthened by the participation of their 
members. Never is the realisation of this 
phenomenon more visible than with Internet 
giants Amazon and Ebay. A noteworthy part 
of the achievements of these online businesses 
is attributable to their members' direct and 
active contributions. In examining why, we 
find that the resultant collation of such 
experiences (e.g. feedback, reviews, 
testimonials etc.), if positive, represents a 
seemingly reliable endorsement of the 
products, services and/ or agents being 
promoted via them. Indeed, in a world now 
overloaded with choice, measuring and storing 
the quality of interactions is equally, if not even 
more important than measuring the links 
themselves [54]. Each of us has limited time, 
limited resources and a limited motivation to 
take in, collate, process and make judgments 
within an increasingly complex world [55]. 
Thus by aggregating or collating member 
contributions, an ostensibly quantitative 
measure of trustworthiness may be derived; an 
indicative gauge of a future quality experience 
[56]. Consequently we see that such 
propagation of trust, credibility and/ or 
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reputation within the network serves as an 
instrument for reducing uncertainty and risk 
(complexity) and in doing so greatly impacts 
participant's decisions [55, 57]. As such 
information has the potential to greatly 
influence purchasing patterns, devising models 
of peer-to-peer interaction which accurately 
manage and depict the semantics of trust, 
whilst coping with peer collusion and distrust, 
have become some of the major challenges 
facing applications within the Web2.0 space 
[56]. 

The 'architecture of participation' which 
underpins many Web2.0 technologies instils a 
sense of truth and validity in the information 
contained within. The socially inclusive nature 
of these technologies is cutting against the 
grain of mainstream broadcast media business 
models, granting weight to the collective 
intelligence of the crowd [49]. For reasons like 
these, interactive online technologies are 
increasingly being recognised for their ability to 
deliver a more compelling and pervasive means 
to influence people to adopt new products and 
services. For example, viral marketing or 
influential manufacturer-endorsed bloggers 
have readily been deployed to spread positive 
word of mouth in preference over traditional 
media [58, 59]. Seemingly produced and 
propagated by peers within the network, the 
'on the ground' nature of these technologies 
enables them to carry significant weight toward 
consumer decision making, as they are often 
seen to be more trustworthy and accurate than 
more traditional methods of promotion and 
advertising. 

Indeed, Web2.0 is ushering in a new era of 
participation-propelled market outcomes. 
Within the Web2.0 space of experience sharing 
and social networks, it is becoming apparent 
that the role the Internet plays for business is 
again shifting, with the persuasive power of 
such online interactions both mimicking and 
amplifying traditional word-of-mouth. 
Accordingly, Internet technologies no longer 
singularly serve functions of mere utility, but 
may now be employed to extract more out of 
everyday human interactions, including as a 
platform for collating and recording the quality 
of such experiences. This imminent new 
chapter in digital business employs the 
interactive Internet medium to bring 
businesses, professionals and consumers 
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together into one digital business ecosystem. 
The promise being that of a virtual 
environment able to improve personal 
networking, strengthen relationships, stimulate 
the exchange of ideas and values, amplify 
personal opinions, build reputations and 
catalyse the development of new products and 
services via the subsequent mining and 
collation of permission-based contributions. 
However, despite the possible benefits, risks 
remain, as the openness of system design 
which welcomes participation, also exposes it 
to potential misuse. Thus, in incorporating 
concepts of Web2.0 into new business 
practices, it is imperative that any freedom and 
autonomy in design be balanced with methods 
capable of sustaining order and control. 

IV. INNOVATION INSIDE: THE RISE 
OF THE CONSUMER 

In the complex digital economy, the 
application of knowledge toward innovation 
plays a crucial role in gaining and sustaining 
competitive advantage [60-64). Some even 
suggest that the only real competitive 
advantage existing today is actually, 'knowledge 
advantage' (65). One of the primary reasons 
why knowledge and its management is 
receiving such attention, is that it is widely 
recognised that human knowledge is the 
foundation from which innovation is achieved 
(60, 63, 66). Indeed, the creation of new 
knowledge itself is innovation~ the conversion 
of intellectual capital into the novel. However, 
as the networked revolution shifts the role of 
consumers toward a more interactive existence, 
so too shifts the source of new knowledge. 
This is likely to alter the rules of customer 
engagement, as organisations seek to secure the 
newer resources of their longer-term success. 

The mass penetration of ICT means society 
now has access to (and is actually driving much 
of) the same informational resources which 
organisations hold valuable. Mainstream 
access and genesis of such value-creating 
resources radically alters the role of the 
consumer to something very different to that 
of traditional passive positions. In a networked 
society, the consumer does not just represent 
the end of the value chain, but is a partner and 
active participant in the creation of new value 
[28]. With technologies like Web2.0 building a 
stage for online dialogue (not monologue), 
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consumers are gaining empowerment from 
informational dissemination and socialisation, 
to the point where they possess much of the 
same understanding about a topic as the 
organisations and 'experts' they seek products 
and services from. Consequently, 
organisations are being forced to realise the 
worth in treating customers as a source of 
intelligence and knowledge and not just as 
entities which consume products and services 
[62]. For example, within the Australian real 
estate market, consumers have access to a 
plethora of information (portals, historical 
statistics, multimedia, land parcel data etc.). 
This is gradually shifting the role of the real 
estate agent from information provider to one 
of consultant, able to discuss and advise 
strategies and options. Such irreversible 
changes to the dynamics of consumer 
interaction indicate that organisations may be 
increasingly confronted with a disaggregation 
of conventional value propositions [67, 68] and 
the arrival of the 'knowledgeable customer.' 

\Vhile some may view this as a threat, 
consumer participation and knowledge creates 
opportunity for innovation, as such 
permission-based channels become a proficient 
source of targeted market research. 
Consequently, with consumers assuming a 
more influential part of the innovation 
landscape, organisations need to better interact 
and build stronger relationships with them f 69]. 
It is becoming apparent that the organisations 
which are better able to create an environment 
of trust and open communication for quality 
customer information to flow, are more likely 
to produce innovations which will be met with 
significant market demand [62]. Indeed. in 
promoting participation and placing an 
importance on genuine customer-focused 
improvement, organisations may be investing 
in their sustainable development, rather than in 
innovation merely for the sake of it [70]. 

V. CHAOS AND CONTROL: TWO 
SIDES OF THE SAME COIN 

Even prior to the first Internet revolution, the 
prevalence of environmental volatility 
overwhelmed linear, hierarchical enterprises to 
the point where many become dysfunctional 
and counterproductive (6, 13]. Made plausible 
within a erstwhile era of less instability, the 
rigidity of mechanically-orientated 
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organisational designs and processes are 
frequently inappropriate for the demands of 
today's complex and dynamic digital economy 
{71). Nevertheless, the residual tenets of the 
Newtonian paradigm are still readily visible 
today, as the 'organisation as machine' 
metaphor remains a powerful influence upon 
the character of many organisations [3, 72, 73). 
Such an influence continues to empower 
management to belie\•e in the application of 
rational, systematic and economising rules to 
seemingly universally repeated problems, 
regardless of their context. As a result, a 
preoccupation with attatrung predictable 
outcomes often means little effort is placed 
toward processes of learning and creativity, as 
they require a certain slackness of resource 
allocation and the generation of instabilities 
within the system; both of which are habitually 
dampened out by an efficiency-seeking 
mandate [6, 10, 21). Indeed, much of the 
topical management science literature remains 
simply emphasising a reworked systematic 
thinking (i.e. a 'new reductionism'), using non-
pluralist approaches to reduce the percei\·ed 
complexity into a more palatable form [74, 75). 
However, even with evidence confirming many 
linear piecemeal approaches frequently 
offering little lasting positive effect [76), finding 
the necessary balance of creativity and 
efficiency remains a elusive mission [1 OJ. 

Such is the paradoxical challenge of the 
complex digital economy. In a world where 
unidirectional causal paradigms of business are 
known to decreasingly apply [23], management 
need appreciate both systematic and systemic 
methods [77, 78]. A thinking typified over a 
decade ago by Peter Senge's 'learning 
organisation,' this holistic perspective to 
organisational methodology is again drawing 
attention, as a particular type of nonlinear 
system model called a Complex Adaptive 
System (CAS) moves into mainstream research 
[2, 4, 9, 79]. Able to finally deliver a firm 
science from which to make logical inferences 
regarding organisational system development, 
CASs cope with chaos and uncertainty in their 
environment by interacting with and engaging 
other systems. They typically respond to 
feedback from their environment, learning 
from experiences and embedding that learning 
into their very structure (form) [13, 78]; a 
faculty not dissimilar to the complementarity of 
structure and function found within 
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autopotetic living systems [80]. Their 
behaviour is influenced by a number of system 
control parameters, including information flow 
and density, the connectivity of agents in the 
system and the diversity of agent value 
schemas in the landscape [10]. Within CASs, 
fluctuations of such parameters often lead to 
emergent behaviour and the subsequent 
finding of a higher 'order for purpose' within 
the system. When applied to organisational 
system development, this systemic model is 
helping shape a view in which organisational 
structure and transformation are but two sides 
of the same coin, the embodiment of a 
continuous process of learning and 
evolutionary expansion. Thus, instead of 
mandating a prescriptive approach, the 
complex and adaptive view offers assistance 
regarding where and when control is possible 
(or practical) and at what scale of organisation 
such efforts would be best directed [81]. In 
doing so, it illustrates both the phenomenology 
of a complex digital business environment, as 
to, the roles processes affording stability and 
instability play within organisational system 
development. 

Interestingly, when applied to a high-level 
examination of Web2.0 systems, we find that 
the inherent escalation in social connections, 
interactions, diverse experience exchanges and 
information dissemination threatens to induce 
increased instability within the parameters 
which influence market emergence. Looking 
even closer, we observe that Web2.0 systems 
are by their very nature generally perched at the 
border of chaos and order, with their innate 
balance of structure and openness 
characteristic of the most successful systems in 
the evolutionary game [82). Epitomised by 
Internet juggernauts like Google, Ebay and 
Amazon, Web2.0 systems are . inherently 
complex, adaptive and learning systems. They 
relentlessly scan their environments for 
indications (patterns) which may signal 
emergence and follow on to exploit trends and 
emerging markets. In adjusting their structure 
to continuously capitalise upon new 
opportunities, such adaptive systems not only 
insistently evolve their mode of operation 
(function), but also their very business model 
(form). Effectively employing change and 
uncertainty as a constructive force, such 
systems embrace the chaos of their business 
development by adopting more systemic 
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policies of learning and knowledge acquisition 
delivered upon a supporting infrastructure 
imparting the requisite direction and control. 

It is such systems which Lefebvre and Letiche 
(75] refer to when they put forward the 
concept of 'organisation' coming to mean 
something very different in modern business. 
No longer analogous to a state of order, 
Lefebvre and Leriche suggest that 
'organisation' is effectively a continuous 
activity pertaining to a purposive 'existence in 
change.' In other words, organisation may be 
considered as those system development 
activities conducive to the realisation of a state 
of order befitting the demands of a particular 
space and time. In this view, operational 
activities not only include those of maintaining 
current order and modes of production, but 
also those which seek to continuously interact 
with the business ecology to both discover and 
ready the system to capitalise on new trends. 
Thus, the complex digital economy demands 
most organisational systems be at once in and 
out of control, with management taking on the 
ceaseless mission of preparedness for, and 
execution of, efficient reorganisation. 

VI. CHANGES OF SCIENCE 

Over the past few decades, survival in business 
has coincided with a command of the 
resources of intellectual capital and knowledge; 
intangible resources which are difficult to 
understand, manage and measure. 
Furthermore, the rise of the mobile knowledge 
worker and the ever-diffusion of information 
within society have increasingly dispersed and 
disaggregated such resources, making their 
containment and control an almost impossible 
task. More recently, interactive social mediums 
like Web2.0 are enabling almost every member 
of society to become active contributors to the 
ever-changing and ever-evolving complex 
digital economy. With this new order comes 
demand for an alternative paradigm capable of 
helping model the autonomy, complexity and 
intangibility of modern business reality. It is 
here where the complexity sciences are 
emerging as the promising backdrop from 
which to begin to contemplate modern 
business development; a science able to deliver 
reasoning behind business outcomes as actually 
experienced. In short, a more 'real' account of 
modern business reality. 
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Just as Taylorist Scientific Management did at 
the beginning of the 20th century, this change 
of science [83-85] is beginning to provide new 
perspectives coercing management belief. 
Indeed, the gradual maturity of the complexity 
sciences and their coevolutionary narratives, 
have even caused some to suggest that 
mankind itself is at a turning point, a point of 
transformation of mainstream world views, 
underpinned by a science which itself is no 
longer identified with certitude [22, 84, 86, 87]. 
In contrast to the mind-independent reality of 
Objectivism, the epistemological position of 
the complexity sciences affords a participatory 
and regenerative landscape. In doing so, it 
dispels a linear cause-and-effect business reality 
and instead supports an emergent view, a view 
where truth is not independent of value and 
consciousness and that instead, meaning, 
purpose and function are continuously 
reconstructed through our social engagement 
and interaction with our environment [83]. 
Interestingly, such a Constructivist-like view is 
not limited to organisational science and is 
largely echoed across biological and human 
sciences and wherever a higher-order 
complexity or coevolutionary reality is 
examined, regardless of subject [3. 9, 10, 19, 63, 
80, 82, 88-91]. 

Subsequently. the ontology of this new 
paradigm affords an intermeshed, layered and 
undivided view of existence [9]; a model which 
appears widely applicable to both cultural 
(social) and physical phenomena [22]. Such 
paradigmatic punctuation has delivered a 
compelling case for an alternate philosophical 
posmon, with complexity as a science 
questioning the presuppositions which have 
underpinned Positivist scientific methods for 
three hundred years [92]. In what some regard 
as a Kuhnian paradigm shift away from the 
tenets of determinism and reductionism which 
characterise Modernist science [19, 93], the 
teachings of this complex and chaotic 
paradigm are no longer trapped by rational 
economic theories, which historically, claimed 
to provide a sound basis for understanding 
organisational system development. Instead, 
the science of complexity appropriates a 
Postmodern-like worldview [93], accounting 
for the spatiotemporal dynamics of systems, 
the fragmentation of contexts and the existence 
of paradox [75]; the underpinning concepts of 
a systemic view of business development. 
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VII. CONCLUDING THOUGHTS 

\~'hile there is there is still much to accomplish 
in applying the lens of complexity to 
organisational science, it is already offering a 
compelling alternate paradigm for considering 
the chaos of organisational system 
development [17, 94). By acknowledging the 
holistic and coevolutionary disposition of real 
business systems, this unconventional science 
highlights the deficiency of mechanically-
orientated and symptomatic management 
mindsets. Catalysed by wholesale ICT 
penetration and the dawning of Web2.0, the 
reality of business is no longer one of linear 
causality, but one of emergence. Indeed, as the 
notion of organisation within the complex 
digital economy diverges from its former 
narrative of stability and structure, toward one 
accommodating spontaneous phenomena and 
evolving dynamical systems, calls for a complex 
view shall undoubtedly intensify. 

No longer a linear process of strategy and 
planning, the commercialisation of new 
products and services increasingly entails 
vigilance toward consumer feedback, market 
validation and in-use dynamics; almost as if it 
were in a state of •perpetual beta.' Thus, 
instead of enforcing strict rules of engagement, 
adaptive businesses remain sensitive to change, 
chance, participation, diversity, information 
flow and acquisition. They focus their effons 
toward a detection of market emergence and 
when found, leverage off their current position 
to give it the push it needs. As a result, in 
addition to enacting methods which seek order 
and efficiency, modern organisational system 
development also requites softer or more 
inductive methods, approaches which 
continuously disturb bounded regions of 
organisation to discover new innovation and 
knowledge [15, 21, 95]. These methods do 
not necessarily attempt to make sense of what 
is known, so much as uncover patterns 
(knowledge) in the unknown by experimenting 
in the margins and developing new theory. 
Indeed, the emergence of a complex digital 
economy has forced many organisational 
systems to be in constant pursuit of strategic 
and market alignment; the regenerative mission 
of balancing methods of creativity and 
efficiency unto the evolutionary advancement 
of organisational system function and form. 
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Endnotes 

Endnotes 

1 Complexity science refers to the complementary theories of chaos (nonlinear dynamical 
systems) and complexity, which converge to form much of the underpinning of the 
interdisciplinary and widely-applicable Complex Adaptive Systems (CAS) theory. While 
the development of 'general systems theory' has greatly influenced the study of 
complexity, chaos has its roots in Henri Poincare's work (around 1900) on dynamical 
systems in which small perturbations grew exponentially fast. However it was not until 
the advent of the electronic computer which enabled Edward Lorenz's to stumble across 
a similar exponential divergence in weather experiments almost 60 years later, that chaos 
theory became a mainstream area of research. 

In general, the term complexi!J science is used in this research as the supporting !JSfemic 
scientific narrative underpinning the more subjective and emerging meta-paradigm of 
non-reductionism (ho/ism) and its confidant, indeterminism. In contrast, the term 
Newtonian is employed as the narrative for the objective mechanical meta-paradigm and 
its pursuant methodology of reductionism. Such meta-paradigm disparity mandates a 
consideration of issues relating to epistemology, ontology, theoretical perspective, 
methodology and method. 

2 A systemic approach (methodology) embodies principles of holism in the study of 
phenomenon relating to, or affecting an entire body or an entire system (e.g. biological 
organism) as a whole. In other words, a !JSfemic methodology is an approach which is 
founded on the assumption that the properties and behaviour of a system cannot be 
simply determined or explained by reductionism (the analysis of the sum of its parts in 
isolation), but instead the behaviour of the parts should be studied as they interact with 
other parts (and the system's environment) within the context of the system 'in use.' 
Systemic is contrasted to the objectivist and scientific reductionism-influenced systematic 
approach, which aims to methodically reduce the system into its constituent parts for 
individual analysis, and assuming time is independent of system evolution (Hitchins, 
1992). 

3 The living, leaming and knowledge creating views of the organisation are in reference to de 
Geus (1997) and de Geus (1999)'s 'living company', Senge (1990b), Senge (1990a), and 
Senge, Kleiner, Roberts et al. (1994)'s 'learning organisation' and Nonaka & Takeuchi 
(1995) and von Krogh, Ichijo et al. (2000)'s 'knowledge creating company.' 

4 The previously overlooked counterpart to competitor, 'complementor: is stated in 
reference to the 'theory of co-opetition.' Developed by Barry Nalebuff & Adam 
Brandenburger, co-opetition relates to the complementing and 'synergistic' relationships 
which organisations have with other organisations, whereby cooperation develops a larger 
market and competition denotes the rules of participant capture of value. Within this 
framework, organisations are complementors if they do not fight for the same scarce 
resources within a time and space and develop rules of participation in which each party 
clearly defines their added value proposition within the scheme (Nalebuff & 
Brandenburger, 1996). 
s Within this research, the term !JSlematic emphasises the logical and structured approach 
of reductionism-influenced methodology. Systen1atic approaches attempt to explain 
phenomenon by removing the subject of observation from its environment and 
deconstructing its whole, often drawing conclusions which are made independently of 
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resonances between components, and not necessarily sensitive to the peculiarities of 
space and time. 
6 The primary philosophy behind reductionism is that all systems regardless of complexity 
(e.g. living and non-living systems), can be objectively described and therefore totally 
understood by the syste111alic application of physical laws which enable the deconstruction 
of the whole into progressively smaller and smaller independent elements (building 
blocks) for the purposes of analysis i.e. the whole is equal to the sum of its parts. This 
philosophy is said to hold among objects, phenomena, explanations, theories, and even 
meaning (Objectivism). Reductionism has been at the epicenter of the last 300+ years of 
scientific advancement and its influences are evident in fields ranging from engineering to 
economics and from medicine to management. The basic assumptions of reductionism 
are time-symmetry and component independence i.e. that while the system is being 
reduced into its smaller constituent parts, both the parts under analysis and the remainder 
of the system remain static, such that the smaller constituent can be placed back into the 
larger at a later time \v-i.thout influencing the behavior of the system - a mechanical 
paradigm. 

Reductionism became methodological doctrine in the 17•h century due to an assimilation 
of the methodical procedures of scientific investigation, with the rational and 
methodically acquired knowledge from information as described by Rene Descartes. 
\'V'hile it is argued that Descartes was devising a syste111atic approach for the natural 
sciences and mathematics (not necessarily the social sciences), the notion of a .rystematicalfy 
deducted truth was subsequently carried over into the scientific method. Its concrete 
realisation, Newtonian mechanics, ultimately affirmed a mainstream belief (Modernism) 
in a deterministic, objective and uni\rersal truth which is still present in the contemporary 
Western disciplines of science, engineering and economics (Hitchins, 1992, Prigogine, 
1996, Crotty, 1998). 
7 With such performance demands and expectations placed upon digital information 
technologies, an era of l?Jrper-compelitiveness is dawning. Hyper-competition intends to highlight 
the self-reinforcing nature of the innovation and competition cycle which is forcing 
organisations to deliver offerings which increasingly provide integrated, 'one-stop' 
solutions to ever-discerning customers (Housel & Bell, 2001). Or as Drucker (2001) 
suggests, we are becoming the most competitive society we have ever known; a period in 
history which does not tolerate non-performance. 
8 Seventeenth century philosopher and mathematician, Rene Descartes is attributed to 
developing the philosophical position of Cartesian Rationalism which sees human 
reasoning (intellect) as the origin of knowledge. His famous Latin phrase, cogito ergo sum, 'I 
think, therefore I am,' stresses his view that reality can be built from pure reason. Such a 
world view enabled a sense of a control and determinism through a distinction between 
mind and matter; a purely rational and intellectually paradigm where the 'I' was separated 
from the rest of the 'world.' / 
9 Newtonian mechanics refers to Isaac Newton's static and dynamic 'Laws of Motion' 
published in 1687. These linear laws provide very accurate and predictable results within 
the ~ery-day mechanical domain, often metaphorically likened to the sought after 
operattonal predictability and repeatability of the Capitalist worldview. 
10 T~e . term knowledge workers as coined by Peter Drucker (and whose definitive 
descript10n has been contested for decades) refers to the fundamental shift in the 
foundational resources of the enterprise from money, land, financial capital and 
technology, to knowledge and education (i.e. human capital). Drucker (2000, pg. 11) 
suggests that, "By 2005, knowledge workers 1vi// be the Jingle largest group in the labor force ... 
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Organizations like/y will not improve their rather dismal track record. in attracting and retaining 
knowledge workers until managers start measuring the investment in h11man capital, the ret11rn on human 
capital and the productivity of hun1an capzial. " 
11 In the Web2. 0 world, organisational business models and modes of operation (i.e. what 
an organisation sells, how it makes its money etc.) are often highly-dependent upon the 
Web2.0 ICT system itself. 
12 Such a virtual environment resonates with von Krogh, Ichijo & Nonaka (2000) and 
von Krogh, lchijo & Nonaka (2001)'s concept of 'Ba'; a shared social context (of physical 
space, values space and beliefs) for the exchange of individual and collective information 
and knowledge. 
13 In testing the 'small world' hypothesis (the theory that all people in the world can be 
connected via a relatively short chain of social contacts), Stanley 11ilgram's results gave 
rise to what is commonly referred to as 'six degrees of separation.' 
14 From Levien & Aiken (2000)'s '(Advogato) trust metric' to Ziegler & Lausen (2005)'s 
'Appleseed' and Despotovic & Aberer (2006)'s 'trust multigraph,' the exist many 
approaches in the literature which attempt to make sense and measure the various value 
schemes present within social networks. 

1s Large organisations are increasingly sponsoring bloggers (weB LOGers) to write 
positive comments about their products and services and to create interest in new 
offerings prior to their commercial launch. Seemingly produced by peers within the 
network, such comments bear impressive weight toward general purchasing decisions. 
16 More recently, BPR has also attempted to encroach upon the networked marketplace 
by branding cross-organisational activities with the 'X' imperative (Champy, 2002, 
Champy, 2003). 

17 According to Nonaka & Takeuchi (1995), 'explicit' knowledge is knowledge which is 
objective, formal and systematic, easily communicated and shared, e.g. formulae, 
programs, processes, documents etc. In contrast, 'tacit' knowledge is subjective, highly 
personal, difficult to formalise and communicate to others. It consists of mental models, 
beliefs, values, perspectives, social patterns of communication and is highly subject to 
space and time. Explicit knowledge and tacit knowledge should bot be seen as totally 
separate, but instead, mutually complementary. More recently, authors like Stenmark 
(2002), are arguing that there may be no such thing as explicit knowledge, suggesting 
rather that explicit knowledge is in fact, just a perspective on information, and that all 
knowledge may actually be subjective and tacit. 

is Of course, this does not denounce the riddance of the middle manager whose role was 
not so much strategically 'knowledgeable' and/ or able to be automated. 

19 Frederick W. Taylor (1911) is attributed to the development of the scientific 
organisational management methodology; a 'social system determinism' made possible by 
the scientific methods of reductionism thinking (Dooley, Johnson el al., 1995). 

20 ICT greatly assists in the sharing and dissemination of knowledge and ideas resulting in 
the era now where ideas and inventions travel faster and further than any other time in 
history (Muzyka, 2004). 
21 Quinn (1999) argues that 80% of the USA's population is actually engaged in service-
based industries and that up to 92% of all work is knowledge-based. 

22 Prominent management theorist, Peter Drucker, coined the term 'Post-Capitalist 
Knowledge Society' to demarcate the massive social transformation of the last half of the 
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20th century. Compared to the era of industrialisation i.e. 'Age of Capitalism', Post-
Capitalism is said to usher in an era which breaks down the t_raditional hierarchical power 
structures and gives rise to the skilled, educated and mobile knoJv/edge IJ'orker. Such a 
society is expected to become increasingly competitive, as with knowledge comes the 
progressive requirement of sustained performance and the notion of no k11011Jledge u1orker 
needing the organisation more than the organisation needs him or her. 

The knowledge of knowledge U-'Orkers (and society) pervades the need to develop !J1Sfe111ic 
value propositions which are in contrast to those of the Capitalist ideology. The 
geometric expansion of knowledge within the 'knowledge society' is self-reinforcing, 
mandating the ever-increasing complexity of products and services and the creative 
novelty (innovation) imperati,re which drives and is driven by the lzyper-competitive business 
ecology. Such an environment, it is expected to only increase in competitiveness and thus 
proliferate environmental (supplier, customer, complementor and competitor) volatility. 

23 In terms of the resources which generate new wealth. 

24 This is by no means an exhaustive list of either aspects of transition into the complex 
and dynamic digital economy (co11Jplex digital econo!!ry), nor authors encapsulating the 
chosen aspects. This list is only intended to provide a quick reference toward some of 
the transitional thinking, values and challenges underpinning the threats and 
opportunities of the new economy business ecology. This table was inspired by Fritjof 
Capra's transitional thinking and values published in Capra (1996). 

25 So called here due to their primary focus being methodological, but delivered within a 
!)Stemic philosophical perspective i.e. are delivered upon both methodological and 
philosophical abstractions. 

26 Both directly and indirectly. 

27 Auto refers to self, while poiesis refers to creation, production making etc. 

2s Living systems are not closed, but instead employ a continuous flux of energy 
(information and matter) to drive processes of 'structural coupling' which increase their 
internal order (i.e. their dissipative nature delivers the premise of complexi.ftcation). 
29 The concept of entropy stems from the classical thermodynamics of closed systems with 
tendencies toward equilibrium i.e. a state of maximum disorder from which purposive 
work cannot be extracted. The reason for this is that every very time energy is 
transformed from one state to another, a small amount of energy is lost to external forces 
which cannot be directed back into purposive work. In his rather forlorn look at the 
world in the book titled 'Entropy: A New World Order', Rifkin (1981, pg. 35), describes 
entropy as, " ... a measure of the amount of energy no longer capable of conversion into work." 
30 In biological terms, symbiosis represents the dose, prolonged relationship between two 
or more living organisms of different species which often results in mutual benefit. 
31 For example, within the knowledge-oriented enterprise the issue of information and 
knowledge redundancy play a significant role with respect to the generation of 
innovation. However, if taking a rational or economising perspective, redundant 
resources are usually something to be 'weeded out' in the pursuit of cost effectiveness (i.e. 
efficiency). 
32 Other reasons why a pure living systems analogy does not necessarily map to a complex 
human systems environment include that a living organism's constituents are usually 
wholly contained within the organism, which does not equate to the reality of mobility, 
and multiple organisational membership (Kaufman, 1985). 
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33 The same call for a balance of systems thinking and practice can be found in not only 
in Senge's 'learning organisation' but also in work of such prominent rystemic management 
and organisational development theorists as Russell Ackoff (1981) and Peter Check.land 
(2000). 
34 The debate over the tacit and explicit dimension of knowledge has raged for many 
decades, with many suggesting that as a research problem space it has probably been 
overdone. However, more recent accounts are unearthing an argument for all knowledge 
being tacit i.e. explicit knowledge is not knowledge, but maybe actually be information. 
Stenmark (2002) suggests that Nonaka & Takeuchi (1995) use the term 'tacit' in a 
different context what Polanyi (1966) had intended, in that they denote it as particular 
knowledge that is difficult to express, and not as a backdrop or context against which all 
actions are understood. Indeed, a better term may have been 'implicit' knowledge. 
However, due to the popularisation and acceptance of Nonaka and Takeuchi's knowledge 
creating meta-methodology, the separation of tacit and explicit knowledge has gone largely 
undebated (Stenmark, 2002). 

35 Recent literature suggests that since the ICT hyperbole of the late 90s, knowledge 
management has received a tremendous amount of attention and investment directed at 
informational technologies, delivering miserable or poor results. Babcock (2004, pg. 47) 
states, "Businesses sank 12.7 billion into new rystems in 2002, according to the International Data 
Corp (JDC), which estimates that number to rise to 14.8 billion in 2007." 

36 The popularity of knowledge management has come at the expense of the 'learning 
organisation', with its decline in interest mirrored by a similarly sharp increase in 
references to knowledge and its management over the same time period (Swan, Newell et 
al, 1999). 
37 Martin Paldram, Professor of Economics at Aarhus University, Denmark consolidates 
the literature on social capital into three closely related convepts, 1) trust, 2) cooperative 
ability and 3) network (Paldam, 2002). However, it should be noted that social capital 
and human capital are not the same. While human capital refers to the individual's 
knowledge, skills, experiences and capacities, social capital refers to the dynamic potential 
of human capital interaction (cooperation, collaboration and trust). 

38 Some disagree with the concept of comparing knowledge to capital and suggest that in 
fact, it is absolutely opposite to capital because every time we share knowledge it grows, 
while when capital is shared, it depletes (Sveiby, 1999). 

39 Most studies in knowledge 111anagement are based on the underlying premise of 
Cognitivism. Cognitivism builds upon the idea of the individual and the organisation 
being machines for information processing and rational problem solving. such that 
advantage is gained by those organisations with greater ability to capture, store, retrieve 
and process information. The Cognitivist model also assumes the competent and value-
free application of human logic (von Krogh & Roos, 1995, von Krogh, Ichijo et al, 2000). 

40 Highlighted in the enormity of topical articles on the subject of knowledge ma11agen1enl 
tools and technologies. 
41 Most knowledge experts agree that an application of ICT toward knowledge creation 
and knowledge transfer processes are only purposive to the e.xtent in which they augment 
social interaction and communication (i.e. face-to-face communication and culture 
remain crucial in most processes) (Nonaka & Nishiguchi, 2001). 

42 The popular con1modi!J view of knowledge is based on the same rational and linear and 
cognitive model claimed by a Cartesian and objective science i.e. knowledge should exist 
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universally and independent of the human experience, such that is can be explicitly 
described, stored, transmitted and owned. In opposition to this view is knowledge as a 
con1mmliry. The community view of knowledge suggests that it is continuously created and 
regenerated within the complex interrelationships and patterns of communication within 
the community, such that it cannot be expected that this knowledge can be explicitly 
stated outside of the context of t11e community itself (Swan, Newell el al., 1999). 

43 It is interesting to note that the k1101vledge ma11age111eul praise seemed to wade at about the 
same time as the global ICT demand subsided i.e. 2000-01, but seemed to pick up again 
post September 11 when there was an increasing demand for information sharing systems 
(Babcock, 2004). 

« It is argued that real-business-time knowledge creation is of paramount importance, as 
it is the means by which an organisation is able to deal with real-business-time Qatent) 
uncertainty and surprise and develop innovation (display creative novelty) at the volatile 
'edge of chaos.' Takeuchi (1998), one of the fathers of the Japanese 'Knowledge Creating 
Company', defines knowledge creation as, " ... the capability of a compa'!Y as a whole to mate 
new knowledge, disse111inate it thro11gh the Organisation, a11d en1bo4J ii in products, seroices and 
.rystems." This rather broad definition emphasises the need for a !J•slemic understanding of 
knowledge creation in which both the individual and the organisation are bound together 
by socially constructed and interdependent relationships. Such a view that suggests that 
knowledge creation is contingent upon the relationships that bind the individual with 
their workgroup and organisation and that the individual and the group (collective) may 
only be defined in reference to each other (Stacey, 2001). 
4s \Vtth most ICT implementations, usually comes enhancements in human networking 
and communication ability i.e. technology is able to augment human cognitive ability 
thus potentially deliver knowledge-productivity improvements. However, even these 
benefits have been debated with other cases where ICT networks actually undermine 
knowledge sharing and creation by reducing opportunities for informal and face-to-face 
contact (Swan, Newell et al, 1999) 
46 Stacey (1996) describes self-organisation within hierarchically-oriented organisations in 
terms of the controlled Qegitimate) and informal shadow networks of trust, cooperation 
and information flow. He argues that the shadow networks are the primary source of 
creativity within organizational systems as they provide the dialectical foundation of 
contradiction i.e. organisational creative potential results more so from the informal and 
the adhoc, than from formal, structured and hierarchical relationships and command 
(Stacey, 1996). 
47 The concept of a wicked problem encapsulates the fuzzy, indeterminate, spatiotemporal 
subjectivity of real life problems, able to be approached with a multiplicity of human 
perceptions and whose boundaries are characterised by a coevolving, nested and 
interdependent environment. Wicked problems are unique, have no stopping rule, no 
objective claim to repeatability and are related to any number of other problems and 
problem situations (Rittel & Webber, 1973). 
48 Since 1999, various journals have either devoted entire issues to the topic, or are solely 
dedicated to the topic. Such examples include: 1) An entire issue of the 1999 May/June 
Organizational Science journal and, 2) in 1999, Enmgence: A Journal of Complexity Issues in 
OrganiZf1tions and Management Qitt.p://www.emergence.org/) was first published. 
49 In many ways, online social ICTs have lowered the barrier of entry for more and more 
people to play a part in the creation of new informational assets and in doing so, have 
broadened the collaborative pool. -
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SQ ~n economi~ terms, a zero-sum game intends to describe a system where a participant's 
gain (or loss) ts exactly balanced by another participant's loss (or gain) within the system. 
The term 'zero-sum' relates to the net overall result summing to zero, or in more 
simplistic terms, in every game there are winners and there are losers. \Vhile this may be 
the case for the Capitalist resources of land, financial capital and labour, within the 
complex digital economy, the key resource of knowledge does not necessarily follow the same 
rules. 

For example, if Person A had $10 and gave the $10 to Person B, then Person B would be 
$10 better off, Person A would no longer have $10 and the overall system would be 
summed to zero. However, if Person A had an idea and gave that idea to Person B, then 
Person B would gain the idea, but Person A would not loose the knowledge of the idea. 
Both the $10 and the idea can be invested to create future value, but only the idea can be 
employed by both. This example, unsophisticated as it is, serves to highlight the 
exponentially increasing expansion of knowledge resources. 

51 Stacey (1996), Dooley (1997), Anderson (1999), Axelrod and Cohen (2000) and Stacey 
(2001) are a few of the more prominent researchers to examine organisational change and 
development via the lens of CAS. 

52 Clockspeed refers to the speed of the innovation and technology cycle i.e. how 
frequently control parameters converge to induce change within a system. 

53 In the new economy, Quinn (1999) suggests that economies of scale still exist, however 
they are now defined in terms of information, connectivity and distribution. 

54 Benbya and McKelvey (2006) employ complexity science to contextualise information 
systems design and development, while A.xelrod and Cohen (2000) devise a Complex 
Adaptive Systems framework for assisting in organisational development and problem 
solving. 
55 For example, autonomy, se!f-01ganfration, energy dissipation, order from chaos, 
transformation, creativity, innovation, coevolution, sustainability etc. 

56 \Vhen applied to complex business problems. 

57 Teleonoll!J is the science of adaptation, of understanding the evolved purposefulness of 
agents and systems. Foote and Hill (2000) describe teleonoll!J as, " ... the quality of apparent 
p11rposeful11es.r in living organisms that derives from their evolJ1tionary adaptation." 

ss Poincare's (1854-1912) legacy is that he not only demonstrated what has become 
popularly referred to as, sensitivity on initial conditions, but also system non-
integratability, additionally identifying that the latter's cause was due to relative 
interferences (Poincare Resonances) between the system variables (Prigogine, 1996). 
Poincare's discovery of non-integratable systems was made while working on the 
restricted 'Three Body Problem' (a simplification of the n-body problem, a problem 
considered one of the most difficult in mathematical physics at the time). The n-body 
problem sets out to predict the subsequent motion of n-bodies (using classical Newtonian 
laws of motion), given their initial positions, masses, and velocities. Poincare successfully 
demonstrated that prediction was sensitively dependent upon the initial states of the 
bodies and that resonances (gravitational interferences) between the bodies defied their 
objective and absolute measurement, ultimately leading to non-integratability. 

Poincare's developments highlighted the incapacity of absolute measurement and the real 
experience of fortuitous phenomena, as well as introducing the notion of a relative phase-
space influence of resonances on system trajectories. The latter theory was worked upon 
60 years later by A. Kolmogorov, V. Arnold and J. Moser (KAM theory) which 
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identified two types of trajectories: 1) Deterministic trajecto~ies and 2) Randoi:n 
trajectories. Another important implication of the KAM: ~eory ~s th~t when energy ts 
increasingly within the system, regions of randomness prevailed (Pr1gogme, 1996) 

59 The term phase-space denotes the various possible spaces (areas, states etc.) a system may 
venture into at points along its evolutionary path. At each point in phase-space, a 
system's control parameters (degrees of freedom) may be represented in terms o.f their 
potential configuration space which collectively affects the subsequent narrowing or 
broadening of the o\rerall system's potential states. Goldstein (2001) describes phase-space 
as, '~ ll/athev1aticaljy described configuration space (space of possibilities) of variables uithin a given 
efyna111ical .rystem »•hich assist in mapping the patients which res11lt through the histon'cal (evolution) 
trtefedory of .rystems. The dimensions of phase or state space depend 011 the nu111ber of .ryste111 variables 
(degrees of freedol!l} used to characterise the slate at one point in time. These variables "'t!Y lel!lporal!J 
change due lo the internal a11d ex/emal pulls of the a/tractor landscape." 

60 In complex hW11an .rystems, autonomous agents refer to individuals who by sensing and 
acting upon their environment, try to fulfill a set of diversified goals by employing their 
unique internal information processing capabilities to make decisions based on the 
impetus of their individual schema (values and beliefs) and the influences of the collective 
schema of the se!fsimilar groups in which they exist. 

61 \X'hether events can be classified as purely due to chance, or if indeed, more complex 
cause-and-effect relationships underpin our existence have often been debated i.e. is it 
our ignorance of such causes which render the appearance of chance? When considering 
Poincare's 'very slight cause, which escapes us,' it becomes apparent that even if this were 
proven the case, we would need an infinite God-like knowledge in order to know all 
causes, and their laws effecting behaviour. Obviously, such knowledge is not available to 
us, and therefore regardless of whether there exists an underlying cause-and-effect 
schema, we are unable to know, and thus, experience chance as real. Prigogine (1996, pg. 
5-6) has commented on chance suggesting, " ... chance can neither be defined nor understood ... 
the fntnn! is no longer determined l!J the present, and the .rymmetry between past and fntnre is broken." 
62 Goldstein (2001) describes the notion of a basin of attraction using the analogy of a 
sink and drain, "If one imagines a complex !)'Stem as a sink, then the attractor can be considmd the 
drain at the bo//0111, and the basin of attraction is the sink '.r basin. Technicaljy, the set of all points in 
phase space that are attracted lo an attractor. More general!J, the initial conditions of a system which 
evolve into the range of behavior allowed l!J the attractor. " 
63 Fractals provide the reason for why the orbits of strange attractors never cross. A fractal is 
a geometric pattern that is repeated at ever-smaller scales (dimensions or levels) to 
produce se!fsin1ilar shapes and surfaces that cannot be represented by classical geometry. 
A commonly referred example of the idea of fractals is a coastline. While we know the 
country enclosed by the coastline should have a finite area, the coastline itself measures 
infinity because of the increasingly smaller scale at which it can be measured i.e. 1 km, 
lm, 1mm etc. Therefore when viewing a system, we should take note of the assumptions 
we make about its unit of measurement, as this effects its perceived scale. In the case of 
the coastline, at all levels of scales we find se!fsimilari!J, in that while the objects being 
measured may be seemingly identical in form, they are different in detail. 
64 Deterministic laws can be seen to exist dictating the actualisation of certain events e.g. 
we all must be born before we can die. However, in between, we all have an opportunity 
to grow up and eventually get old, however our own future development (and death) 
can~ot be absolutely predetermined at our birth. We can draw probabilities from the 
e~vironment abo~t the. temporal limitations of choice, but ultimately our autonomy 
dictates a complexity which nobody can determine. 
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65 The term 'onset of chaos' (attributed to James P. Crutchfield) has also been used by 
describe effectively the same concept. 
66 The term 'homeochaotic' is used to emphasise the tendency for real systems to evolve 
toward states of higher order in the face of the Jarfron1-equilibri11m challenges. The notion 
of homeochaotic behaviour is opposed to the conventional thermodynamic term, 
homeostasis, which refers to the tendency of a system to return to a state of equilibrium 
(i.e. toward entropy, disorder etc ... ). 
67 Nineteenth century German physicist and mathematician Rudolf Julius Emanuel 
Clausius, developed the thermodynamic theory of entropy in 1865. The second law of 
thermodynamics is often expresses as the universal law of increasing entropy, that is that 
the entropy of an isolated system not in equilibrium will tend to increase over time, 
approaching a maximum value at equilibrium. 
68 However, the true resolution is that the second law of thermodynamics only applies to 
closed, non-dissipative systems (Gell-Mann, 1994). 
69 Take for example, a pencil standing vertically in 3D space which due to the pull of 
gravity (an attractor), may fall and point in any direction. When toppled (and after 
transients have subsided), it now occupies a new space and is possibly limited to only 
move in forward and backward rotations within the horizontal plane. The symmetry of 
the initial infinite possibilities has been broken (bifurcation point), and the possibilities it 
may now occupy in the new space, restricted by the governing principles of the new 
horizontal plane. Therefore in the real world, a system's future evolution is governed by 
the current (phase-space) reality of its historical space-time trajectory and the emergence 
of time-dependent attractors which pull the system toward new subsets of phase-space at 
each point along its evolution. 
70 A path which may best be described probabilistically, not deterministically. 
71 Dissolvence as a phenomenon, intends to highlight the partial loss of choice, options and 
independence visible when a complex system evolves into a higher-order form. In other 
words, e!llergence (or complexijication) in a complex system often implies a reduction in the 
number of the probable states of its components (festa & Kier, 2000). 

72 Choice in this usage refers to both the forced result of fortuitous concatenation of 
factors which compels the system into far-fro111-eq11ilibnifm states, as well as the choice 
afforded to systems which may exercise certain measures of self-control over the process 
of their own adaptation (Corning, 1995). 

73 The 'arrow of time' intends to contrast the time!reversible (i.e. time-symmetrical) view 
of classical physics, with the emergence of a time-subjective world made possible via the 
tenets of comple."l.i!J science. The 'arrow of time' presents us with an appreciation of the 
constructive role of creativity in irreversible processes (i.e. evolution of systems), by 
introducing chance and possibility where simple cause-and-effect and determinism 
previously existed (Prigogine, 1996, Kauffman, 2000). In other words, without the 
existence of the arrow, we assume a world perpetually in perfect S}rmmetry and deny both 
an emergent time-subjective reality, the creativity of the living and the evolution of life 
itself. Thus, there exists an apparent contradiction in classical physics whereby the laws 
of motion deliver a time-symmetrical world, yet the Second Law of Thermodynamics 
provides for ever-increasing entropy due to irreversible processes (Prigogine, 1996, 
Kurzweil, 1999). 

74 Progress is used in regard to the achievement of a particular strategic goal or result. 
For example, the development of a new product. 
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75 Conducive to a positive assertion of evolutionary position. 

76 While autopoietic (living) systems 'structurally couple' with their environment in ways 
which enable them to evolve, they do so while preserving their identity. 

11 Ralph Stacey makes reference to Patricia Shaw, Doug Griffin, Phil Streatfield and Jose 
Fonseca as important contributors to his work and thinking. 

78 This definition does not attempt to describe what 'purpose' is, as purpose is ultimately 
subjective and unique to both agent and/ or system. Moreover, within non-human living 
systems, purpose is arguably involuntary (Corning, 1995), while within human systems the 
realisation of purpose may be intentionally, and/ or consciously influenced. 

19 Phenomenon related to the natural wearing down of systems mandating work need be 
applied to maintain the current state of order. In organisational systems this can be 
thought of as outdated business structures and processes which require effort to be 
imparted but affect little purposive outcome. 

so Moreover, in less complex systems, evolutionary innovation may represent the 
outcome of a fortuitous concatenation of events, whilst in systems of greater complexity 
such innovation may be se!fdetem1ined or consciously willed e.g. human systems. Thus by 
looking at complexity as a dimension of complex systems we may be better able to 
delineate the differences between those which are complicated, from those which are 
truly complex. 

81 Non-living, se!forganising systems include both boiling fluids and the weather. But, 
while we may remain fairly confident that water will boil at 100 degrees Celsius both now 
and in the future, we also know that longer-term weather prediction is ultimately 
unpredictable. This seemingly presents a contradiction. However, the cause of 
unpredictability in the weather system resides in an inability to strictly control and 
measure all the parameters and conditions temporally affecting the system. In effect, the 
weather is a much more complex se!forga11ising system; a complexity heightened by a vast 
number of interacting systems and volatility within the control parameters affecting overall 
S}'Stem e111ergence. 
82 Originally, there was only one growth need called self-actualisation, but this was later 
further classified into four in Maslow (1968) and Maslow (1971 ). 
83 Echoing (if not based on) the Chakras of ancient Eastern philosophy (Cumes, 1998). 
84 This does not represent an exhaustive list The full examination of what delineates a 
se!frejleclive complex system from a mere autopoielic (i.e. cognitive) one, is well outside the 
scope of this research. This list simply intends to bring to attention the various (obvious) 
characteristics which make the management of complex h11111an ~stems more complicated 
than the management of systems with lesser degrees of complexity. Also note that many 
characteristics are interconnected. 
85 Or for any abstraction of organisational reality which posits a human intervention. 
86 Such a call for a perspective on se!frefleclive complexity is also apparent in Corning 
(1995)'s individual and collective se!fdetem1inalion, in Prigogine (1996)'s questioning of 
creativity, ethics and freewill and in Maturana and Varela (1987)'s 'knowledge of 
knowledge.' 
87 This is obviously not always the case, but quite frequently metrics and other 
measurements are employed to objectively sanction positions or act as evidentiary 
support within a space which may be more accurately described as being .rpatiotemporal/y 
subjeclive. In these situations, the dynamic nature of the environment in which the system 
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is immersed requites vigilance toward the selection of metrics and measurements which 
bear a more purposive reflection of an emerging reality. 
88 Scientifically-motivated management approaches mandate the specific allocation of 
time and resources to a problem with an assumed fixed scope and limited uncertainty i.e. 
the mythical repeatable and defined solution to a repeatable and defined problem. 
However, the transition into the volatility and intangibility of the complex digital econoll!J 
renders most measurement inaccurate and uncertainty latent, such that the directions 
taken to achieve goals are continuously regenerated in real-business-time to the point 
where the goals themselves are often revaluated. For example, in the new economy 
industry of software development, the real-business-time uncertainty of a continuously 
regenerated business reality renders the majority of effort to be focused toward its often 
unpredictable creative design, and not on its reasonably predictable construction. This 
view suggests that failure of software projects is due (in large degree) to the application of 
scientifically reduced management techniques toward what is a regenerative and emergent 
problem space. The customary activities of software change and/or quality management 
which attempt to pervasively control environmental vicissitude throughout the project, 
without necessarily understanding the causes or implications upon the realised benefits of 
the product to the business, are examples of a potential misdirection of energies founded 
in the scientific (reductionist) domain. As the purpose of the product emerges in context 
with the whole of the business environment, so too do the methods of its measurement. 

89 Self-fulfilling prophecies consist of initial beliefs, assumptions or attitudes, upon which 
behaviours are determined which reinforce those beliefs, assumptions or attitudes e.g. a 
stock market crash. The cyclical and nonlinear dynamic of a self-fulfilling prophecy 
means that only a small credible perturbation is required to send the system spiralling 
toward that prophecy. Such a cyclical reaffirmation of action and belief is evident in the 
importance placed upon a derivation of predictable revenue streams and consequent 
operational behaviour evident within most modern organisations. In this self-fulfilling 
prophecy, the corporate assumptions of identity ('what we do' and 'what market are we 
in') shape strategies which in turn affect operational actions. In prosperous times, this 
acts to reaffirm the corporate identity, but in times of heightened competition and/ or 
moving markets, the same reaffirming actions may lead to the organisation pursuing an 
identity disjunct with its operational and market reality (Goldstein, 1994). 

90 Although acknowledged within the field of traditional economics, Knightian 
uncertainty is an uncomfortable epistemological dilemma for Objectivist rationalism. 
Knightian uncertainty relates to the uncertainty as exhibited due to an inability to finitely 
pre-state the configuration space of systems evolving with a nonlinear and coevo/11tionary 
directive i.e. biological and human systems (Kauffman, 2000). 
91 In reference to software development projects undertaken within volatile and emergent 
business environments (similar to the operational environment of organisational systems) 
Watts (199 8, pg. 5) states, " ... if you cannot pla11 acmratefy, plan eften. Plans are on!J as good as 
the knowledge 011 which thry are based. As yo11 gai11 ne»' knowledge, prod11ce new plans. As long as the 
previo11s plan is 11sefu~ however, don't bother n1aking a new plan. B11t, the 'no111e11/ the plan ceases to 
provide helpfal guidance, 11Jake a 11ew plan." 
92 Highsmith III (1999, pg. 36-37) states, '1n h11111011 ler111s, being chaoti'c is a11a/ogo11s to being 
psychotic; being stable is a11alogous to being co!l1atose. So, the tni:k is to lead ... awqy fro111 the fa!!1iliar 
and the stable, toward chaos, b111 not all the 1Pqy. S11ccess goes lo those who can hold anxiety, who can 
attune themselves to paradox and 1111certai11ty, and who can sustain creative tmsion. lnnovation, 
creativity, and m1ergent res11/1s are born in the transition ZfJ1le al the edge of chaos. " 
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93 Goldstein (1994, pg. 15 7) stated, ''At nonlinear S)1Stenu evolve under the i11jlJ1et1ce ef farfrom-
equilibrium conditions ••• no planning approach con predict u1hat uill transpire, and 110 shortcut can tell 
thef11ture;yo11j11st hove to watch the !)'Siem evolve ..• lf:?hen ofar-jrom-eq11ilibn'11m condition challenges a 
nonlimar !]Siem to find a more effectitJe 111a11ner ef functioning, the !JSle.m scans its situation, perhapt 
makes a fa»' unsuccessful altmtpl.J', and final/)' a111plijies a pa11icJ1/ar, randot!J departure from equilibriJ1m 
that takes otJer the !JSfe111. The e11J'lling history ef the !]Siem fo/101n from this critical chance event. " 

94 Peter Senge and Peter Drucker point to surprise being an important precursor to 
strategic planning and that every surprise should be investigated and not merely seen as 
an operational anomaly, but indeed as a precursor to new threads of innovation and 
consequent capitalisation (Drucker & Senge, 2000). A similar view is held by Koch 
(2001, pg. 161) who in reference to chaos, chance and business states, " ... unexpected 
tuccesses are the best g11ide to strategy." Koch also introduces the concept of multivalent 
business strategies to cope with the multifaceted nature of emerg,ence. 

95 Noise which is too easily dampened down does not mean that it is 'bad noise,' rather, 
that given the current system state and environment, it may be unlikely that the noise will 
be amplified and send the system speeding off toward a far-fron1-equilibri1111J state. Thus, 
until the system's is ready for it, noise which is too easily dampened down may be 
nothing more than a distraction. The same noise, at a different time (or experienced 
within a different system), may actually be an early sign of emerg,ence. 

96 Not all emergence is conducive to the further assertion of a system's overall evolutionary 
position. In reality, some e1nerg,e11ce may be to the detriment of the system e.g. a new 
competitor arriving within the same space-time competing for the same resources. 

97 This phrase has been adopted from the popular saying, 'without order nothing can exist 
- without chaos nothing can evolve.' No author was found for this reference. 
9s It would make sense that if arguing for complex view of organisational reality that such 
a reality would hold true for the past, present and future. This poses the question of why 
is it that scientific models of organisational design and transformation which drove much 
historical success, seemingly no longer apply. The answer to this is straightforward. 
Scientific models have always been approximations of a more complex reality, but the 
historical environment of business was such that there was little change in system control 
parameters for prolonged periods of time, thus the approximation was very close to the 
experienced reality, hence reinforcing belief in the method. However within the complex 
digital econo"!Y the number and density of system control parameters has changed. We are 
currently experiencing an amplification of parameter volatility, and hence too, may expect 
an acceleration of the frequency of emergence. Due to this, scientific methods are 
increasingly less likely to correctly approximate organisational reality for any prolonged 
period of time. It is expected that numerous failed attempts at force-fitting predictive 
models upon unpredictable futures will be required before an acceptance of the alternate 
contplexi!J sdences is accepted into the mainstream. 
99 English naturalist and author, Charles Darwin's theory of evolution by natural selection 
professed that, 'it is not the strongest of the species that survive, nor the most intelligent, 
but the one most responsive to change.' 
100 !he relative e~posure to the uncertainty of a l?Jper-competitive complex digital economy 
e~vtroni:nent (an informed and demanding environment ever-characterised by the self-
remforcing cycles of competition and innovation and creativity), delineates the 
comparative need of an organisation to become knowledge-oriented. For example, high 
clo~kspeed industries with a greater exposure to the uncertainty of a l?Jper-co11tpetitive 
environment, may require management direction which seeks the knowledge-oriented 
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imperative in order to maintain the creative and innovative ability needed to temporally 
drive the organisation into and out of transformational space. . 
101 Infrastructure relates not only to the requisite quality of informational support 
systems, but also to the sy.rtemic appreciation and gratification of the deficiency needs of 
the individuals within each spatiotemporal!J rnbjective problem space. 
102 In Stacey (1996), two other human specific control parameter.rare added to these three: 1) 
level of contained anxiety and 2) degree of power differentials. These additional 
parameters have not been included for simplicity. 
103 For example, it is one thing to have a product or service at your disposal, but if 
nobody else wants it, then you effectively have no value to trade. 
104 Howe (2007) defines ontology as, "1. A systematic account of Existence. 2. (From 
philo.ropf?y) An explicit formal specification of how to represent the object.r, concepts and other entities that 
are a.r.rumed to exist in some area of interest and the relati'on.rhips that hold among then1." Definition 
extracted from Dictionary.com. 

tos Von Krogh and Roos (1995) describe an inability to separate infinite numbers of se!f 
.rimilar scales of organisational levels. 
106 A nonlinearity of system and agent behaviour introduces the likelihood of 
unpredictable changes in both the role played, and the level of participation over time. 
107 When imposed from with top-down and hierarchical mandate. 
108 As per the Australian Bureau of Statistics (ABS) report on 'Characteristics of Small 
Business: (2004), an SME has been defined within this section as a business (excluding 
agricultural businesses) employing under 20 people. However, other references in this 
section regarding statistics on Australian SMEs did not necessarily state their definition of 
an SME and so it is assumed that the same (or similar) measure has been used in the 
collation of their data. 

Hl'J In this Sensis report a division is made between 'small' and 'medium' enterprise. The 
term 'small' enterprise relates to businesses with less than 20 full-time employees, while 
'medium' enterprise relates to businesses with between 20 and 200 full-time employees. 

11o Quinn (1999) argues that 80% of the USA's population is actually engaged in service-
based industries and that up to 92% of all work is knowledge-based. 

111 I (hfartin Scicluna) operate my own software consulting business and am actively 
engaged with SMEs and business owners. Through this interaction, various problems, 
issues and concerns have been communicated to me through informal means i.e. verbal 
communication, email etc. These communications have acted to both verify and provide 
context for the development of these problems and opportunities. 

112 The term 'implied need' is used in reference to Rackham (1998) in which a 
differentiation is made between an 'implied' and 'explicit' need. While an 'explicit need' 
relates to an actual customer's professed statement of requirement to which a viable 
solution can be offered, an 'implied need' represents only the potential solution coverage 
area (e.g. potential problems, benefits, advantages etc.). Hence, further customer 
consultation and examination is required to extract the exact and 'explicit need' from a 
series of 'implied needs.' 

113 As Google suggests, their 'Trends' service aims to provide insights into broad search 
patterns categories by city, region and language. Refer to 
http://www.google.com/trends. 
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Endnotes 

114 Tag clouds enable a dynamic se!fof}!,amsation of informational indexes based on the 
participation and actions of users. In doing so, tag clouds provide allow for a 
democratisation of keywords, classes and categories of information. 

115 Information flow and density, connectivity of agents and diverse participation aside, it 
is likdy that parameters which encourage e111ef}!,et1ce within complex h11111an !)'Slellls are 
different to those affecting non-human Complex Adaptive Systems (CAS). The research 
area of social innovation networks addresses such concerns, but is outside of the scope of 
this researcl1. For the P?rposes of the OKNA, only these parameters are of concern. 
116 In simple terms, grounded theory is an inductive research methodology. This means 
that is it a 'theory discovery' methodology as opposed to a hypothesis testing 
methodology. Grounded theory allows the researcher to develop a theoretical account of 
the general facets of a topic of concern whilst simultaneously grounding the account in 
actual empirical observations or data (Glaser & Strauss, 1967). Grounded theory's 
specific benefit to studies within the complex digital econonry is its ability to deal with emefJ!,enl 
phenomenon within a problem space whose concerns are continuously brought forth via 
participant interaction. This is of particular interest when attempting to unravel new 
markets and new product and service offerings. 
117 Experienced as a real-life phenomenon, the extent to which an agent can call upon 
people they know to get things done, is captured in the common saying, 'it's not what 
you, know but who you know that matters.' 
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