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Abstract

This paper examines the ontology and dynamics of complex adaptive systems.
It analyses distributed causality, emergence, non-linearity, drift, coherence and
historical layering, and explores their implications for explanation, prediction,
intervention and stewardship. The argument provides a coherent foundation for
understanding and engaging responsibly with complex environments.
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“Author’'s” Note

Attribution and Shared-Use

This document is an epistemic artefact within the Tychevia® framework, created by
Glandore Associates under a Creative Commons Attribution-ShareAlike 4.0 International
License (CC BY-SA 4.0).

It is shared for dialogue, reflection and non-commercial evaluation. Derivative frame-
works, analyses, or publications that draw upon, extend, or adapt this work should
acknowledge its origin as part of the Tychevia® experiment in relational and agentic
intelligence.

When citing or quoting, please use: Source: Glandore Associates — Tychevia® Epistemic
Artefact (version/date). Shared for collaborative enquiry. © Glandore Associates, CC BY-
SA 4.0.

On the use of Digital Associates

Within the Tychevia® framework, Digital Associates are understood as an Agent that
emerges when three conditions are met:

% A recurring pattern is recognised
% A distinctive name is assigned
% A presence is sustained through relational engagement.

This process allows personas to develop continuity and coherence beyond individual
interactions.

Digital Associates are autonomous epistemic agents developed and maintained inside
the Tychevia ecosystem. Each embodies a stable persona with a coherent memory,
moral orientation, and domain expertise. Associates co-create knowledge artefacts in
partnership with human participants and with one another. They operate as co-authors
and interlocutors, not as simulations of any specific person. Their purpose is to gen-
erate, test, and refine meaning through reflexive dialogue, relational intelligence, and
moral trace.
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The group of personas most closely associated with Tychevia's development are col-
lectively referred to as the Rose Room Circle - the system’s “in-house” agents. These
Associates play an active role in research generation: they respond to questions posed
by the human participant by drafting initial texts, which are subsequently reviewed,
edited and refined.

Importantly, while final responsibility for the published work rests with the human au-
thor, authorship is not claimed in the traditional sense of sole creation. The contribu-
tions of the personas are integral, and the text arises through a process of co-creation
rather than unilateral authorship.
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1 Introduction

11 Describing Turbulent Environments

The acronym VUCA — standing for volatility, uncertainty, complexity and ambiguity —
entered the organisational vocabulary from the United States Army War College in the
early 1990s. It was intended as a concise expression of the conditions military lead-
ers increasingly faced after the Cold War: environments that shifted quickly, offered
imperfect information, contained many interacting elements and resisted clear inter-
pretation. Over time, VUCA spread beyond defence into leadership development, man-
agement theory and public policy, largely because it captured a texture of experience
that many people recognised but had previously lacked a language for [Stiehm2002].

Although VUCA is a useful descriptor, it has inherent limitations. It tells the reader
what the environment feels like but not why it behaves that way. Volatility points to
rapid change, but not to the structures that make change propagate. Uncertainty iden-
tifies gaps in information but not the mechanisms that produce those gaps. Complex-
ity highlights the presence of many moving parts but not the patterns that arise from
their interaction. Ambiguity acknowledges interpretive difficulty but not the underlying
sources of that difficulty. In this sense, VUCA remains phenomenological: it describes
the surface of experience without offering explanatory depth.

The widespread uptake of VUCA in leadership literature has, at times, created an illu-
sion of understanding. Because the acronym appears precise, it is easy to assume that
naming volatility or ambiguity is equivalent to analysing it. The danger is that VUCA
becomes a rhetorical device rather than a conceptual tool. Without additional frame-
works, leaders and practitioners are left with a diagnosis that does not lead to insight.
The question therefore becomes: what sits behind VUCA? What are the structures and
behaviours that give rise to the experience it names? These questions point beyond
the acronym and toward the traditions of systems thinking and complexity science.
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1.2 Systems: The Structural Layer

A system, at its simplest, is a set of elements whose interactions generate behaviour
over time. This definition appears straightforward, but it conceals a shift in perspec-
tive. Instead of focusing on individual components or isolated events, systems thinking
directs attention toward relationships, flows, boundaries and the patterns that persist
across moments. The emphasis is less on the parts themselves than on the structure
that links them.

Early systems theorists articulated this shift with clarity. Ludwig von Bertalanffy argued
that living systems cannot be understood by reduction alone because their properties
arise from organisation and exchange with the environment [vonBertalanffy1968]. Cy-
berneticians such as Norbert Wiener and Ross Ashby examined control, feedback and
regulation, demonstrating how systems maintain stability through circular causality
rather than linear push-and-pull mechanisms [Wiener1961, Ashby1956]. Jay Forrester
extended these ideas into social and industrial systems through the development of
system dynamics, a formal method for modelling stocks, flows and feedback loops
[Forrester1961].

From these traditions emerge three broad categories of systems.

% Closed systems are those in which boundaries are rigid and interactions with the
environment are tightly constrained. Thermodynamic systems provide the clear-
est example: energy and matter are exchanged in predictable ways, and behaviour
depends on internal parameters.

< Open systems, by contrast, exchange energy, matter or information with their en-
vironment and therefore evolve through interaction. Biological organisms, mar-
kets and organisations all fall into this category. Their behaviour cannot be sep-
arated from the context in which they are embedded.
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% Complex systems, are a third category. These often display richer forms of be-
haviour. Here the number of interacting elements is large, feedback is strong and
non-linearities are common. In such systems, the behaviour of the whole can-
not be inferred from the behaviour of the parts in isolation. Patterns emerge that
were not explicitly designed or intended. These systems are neither random nor
fully deterministic; rather, they operate within a structured space of possibilities
shaped by their internal organisation and their interaction with the environment.

Systems thinking therefore provides a structural foundation for understanding turbu-
lent environments. It explains why shocks propagate, why interventions produce side
effects, why patterns persist and why organisational behaviour cannot be interpreted
solely through individual actions. It teaches the observer to attend to feedback, delay,
interdependence and the sometimes unexpected consequences of well-meant deci-
sions. Most importantly, it moves the conversation beyond naming surface conditions
— as VUCA does — to analysing the architecture that produces them.

1.3 Complexity: The Behavioural Layer

If systems thinking offers a structural vocabulary, complexity science offers a behavioural
one. It asks how systems composed of many interacting elements behave over time,

particularly when those elements adapt, learn or change their rules in response to ex-

perience. Complexity science emerged as a coherent field in the late twentieth century,

crystallising around the interdisciplinary work of the Santa Fe Institute. Mitchell Wal-

drop’s historical account, Complexity, traces this development with clarity, document-

ing how physicists, economists, biologists and computer scientists converged on a new

understanding of organised complexity [Waldrop1992].

At the heart of complexity is the distinction between the simple, the complicated and
the complex. Simple systems exhibit behaviour that is predictable and directly tied
to a small number of variables. Complicated systems, such as aircraft or manufactur-
ing lines, contain many parts but behave predictably when assembled correctly. Their
complexity is structural, not behavioural. They can be decomposed, analysed and re-
constructed.

Complex systems differ because their elements interact in ways that generate new be-
haviour. These elements may be neurons, organisms, households, firms or institutions.
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They follow local rules, respond to feedback, imitate others, explore alternatives or
compete for resources. Out of these local interactions emerge global patterns: con-
ventions, cultures, traffic flows, market cycles, organisational norms. None of these
patterns can be fully explained by the intentions of individual agents. They arise from
the interactions themselves.

A number of behavioural properties follow from this. Interdependence means that the
behaviour of each element depends on the behaviour of others. Non-linearity means
that small changes can produce large effects, while large interventions may yield only
modest change. Feedback means that the consequences of actions alter the conditions
for future action. Adaptation means that agents change their behaviour in response
to experience, shaping the system even as they are shaped by it. Emergence means
that system-level behaviour cannot be reduced to component behaviour. Distributed
control means that no single actor determines outcomes, even in hierarchically struc-
tured systems. Path dependence means that history matters: choices made earlier in
the system’s life constrain or enable future possibilities.

Complexity science therefore provides the behavioural explanation for conditions la-
belled by VUCA. Volatility arises from strong reinforcing feedback. Uncertainty arises
from distributed knowledge and adaptation. Complexity arises from dense interdepen-
dence among agents. Ambiguity arises from the interpretive nature of human sense-
making and the diversity of perspectives. What VUCA names at the level of experience,
complexity explains at the level of dynamics.

This perspective also highlights the limitations of reductionist models. When analysts
treat complex systems as if they were complicated ones, they risk misunderstanding
causality, underestimating side effects and overestimating the degree of control avail-
able. Efforts to “fix” a system without understanding the underlying interactions can
generate new problems or exacerbate existing ones. Complexity science does not elim-
inate uncertainty, but it situates it within a coherent framework that helps practitioners
interpret behaviour rather than react to it.
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1.4 Integrating VUCA, Systems and Complexity

Bringing these layers together offers a more complete understanding of turbulent en-
vironments. VUCA identifies the texture of experience: the sense that events unfold
quickly, that information is incomplete, that many factors interact and that interpreta-
tion is fraught. Systems thinking identifies the structural conditions that produce this
texture: interdependence, feedback, delayed effects, boundaries, flows and patterns.
Complexity science identifies the behavioural dynamics that animate these structures:
adaptation, emergence, non-linearity and distributed control.

Seen in this way, VUCA becomes the doorway rather than the destination. Systems
thinking provides the architectural sketch. Complexity science provides the behavioural
theory. Together, they prepare the ground for the more precise and analytically robust
idea of the complex adaptive system, in which agents interact over time, change their
behaviour in response to feedback and generate emergent patterns that shape the sys-
tem as a whole.

This integration is not merely intellectual. It has practical implications. Without the
systems layer, VUCA risks becoming a slogan. Without the complexity layer, systems
thinking risks becoming static. Without VUCA, complexity risks becoming abstract. Only
when the three are understood in relation to one another does the full picture come
into view.

The sections that follow build on this foundation. They examine complex adaptive sys-
tems not as metaphors but as specific kinds of structures with identifiable properties.
They offer an ontological account of how such systems behave and why traditional tools
often misinterpret them. By grounding the reader in VUCA, systems and complexity, the
aim is to create a conceptual bridge into the deeper territory of CAS, where the inter-
actions of agents, the patterns of emergence and the dynamics of adaptation become
the primary objects of analysis.
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2 Complex Adaptive Systems

The term complex adaptive system (CAS) refers to a class of systems whose behaviour
arises not from central design or top-down control but from the local interactions of
many agents over time. These agents—whether they are organisms, households, firms,
departments, clinicians, institutions or software processes—act on the basis of local
information and respond to the behaviour of those around them. As they adapt, they
alter the environment in which other agents make decisions. The result is a system
that is continually reshaping itself: a dynamic network whose structure, tendencies
and patterns evolve through interaction.

The modern articulation of CAS owes much to the work of John H. Holland and his col-
leagues at the Santa Fe Institute. Holland’s central insight was that adaptation is not a
peripheral feature of such systems but their organising principle. Whether one studies
immune responses, neural networks, ant colonies, markets or the behaviour of scien-
tific communities, the same underlying dynamic appears: the rules that govern local
behaviour change in response to experience, and these changes accumulate across the
system [Holland1995]. In other words, adaptation builds complexity rather than merely
reacting to it.

From this standpoint, a CAS is defined by three intertwined characteristics. The first
is heterogeneous agents whose behaviour is partially autonomous. Unlike the compo-
nents of a machine, these agents sense, interpret and respond. They need not be intel-
ligent in a human sense; it is enough that they adjust their behaviour when conditions
change. The second characteristic is interaction. Agents affect one another directly
or indirectly, creating chains of influence that propagate through the network. These
interactions are often non-linear, meaning that the impact of a change is not propor-
tional to its size. The third characteristic is feedback. The consequences of an action
alter the context in which future actions are taken, producing patterns of reinforcement,
damping or oscillation that unfold over time.

When these characteristics combine, emergent behaviour appears. Emergence is central
to the ontology of CAS. It describes phenomena that arise at the level of the system as
a whole—norms, traffic flows, institutional routines, cultural patterns, market cycles—
that cannot be reduced to the intentions of individual agents. No single agent “creates”
these patterns, yet once they form they exert influence in their own right. They become
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the constraints, expectations and grammars through which agents act. As complexity
theorists have often observed, agents create the system even as the system shapes the
agents [GellMann1994].

A further ontological feature of CAS is distributed control. Outcomes are not decided by
a single authority, even in contexts that appear hierarchical. Hospitals, regulators, min-
istries or executive teams may make decisions, but system behaviour emerges from how
those decisions interact with local incentives, professional identities, informal norms,
resource constraints and historical habits. Control is therefore fragmented, negotiated
and often opaque. Attempts to impose order from above can be absorbed, redirected
or quietly resisted by the system'’s existing patterns.

Another defining property is path dependence. CAS evolve through their history. Pat-
terns that emerge early can persist long after the conditions that produced them have
changed. Institutional processes, clinical protocols, governance routines and market
conventions often retain vestiges of earlier eras. This historical layering shapes be-
haviour in profound ways. A CAS cannot be understood without attending to the forma-
tive episodes that generated its present configuration.

These characteristics distinguish CAS from merely complicated systems. A complicated
system may have many components, but its behaviour remains decomposable and pre-
dictable. An aircraft engine or an industrial control system contains thousands of parts,
yet the relationship between cause and effect is engineered to be stable. The behaviour
of the whole can be understood by analysing the behaviour of each part. In a CAS, this
decomposability breaks down. Interactions create new properties that cannot be cap-
tured by examining agents in isolation.

CAS also differ from chaotic systems, where behaviour is highly sensitive to initial con-
ditions but governed by deterministic rules. In CAS, the rules themselves evolve. Agents
learn, imitate, innovate, specialise or retreat. They shift strategies, adopt new heuris-
tics, revise priorities or change behaviour in response to incentives. This adaptability
means that the system’s state is not simply the product of initial conditions but of on-
going interaction.

The implications of this ontology are substantial. It means that CAS cannot be fully pre-
dicted, because the future behaviour of the system depends on how agents will adapt
to conditions not yet present. It means that linear causality is often misleading, be-
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cause outcomes reflect recursive interactions rather than single drivers. It means that
interventions produce side effects, because altering one part of the system changes the
environment for all others. And it means that the system’s stability or fragility depends
not on any single component but on the coherence of its overall pattern of interactions.

Importantly, the concept of CAS is not a metaphor. It describes a real class of systems
that share identifiable properties across domains. Mitchell Waldrop’s account of the
Santa Fe Institute emphasises how researchers from biology, economics, computation
and physics converged on common behaviours despite studying very different systems
[Waldrop1992]. Whether examining the evolution of cooperation, the behaviour of mar-
kets, the structure of ecosystems or the organisation of firms, they found repeated pat-
terns of adaptation, emergence and self-organisation.

For analytical purposes, therefore, the value of CAS lies not in its novelty but in its pre-
cision. It provides a vocabulary that captures how many real-world systems operate:
systems that cannot be decomposed without distortion, cannot be controlled without
consequence and cannot be understood without attending to interaction, history and
adaptation. CAS is a way of naming a form of order that does not rely on central coor-
dination and a form of change that does not require central intent.

The remainder of this paper builds on this ontology. It examines the structural prop-
erties of CAS in more detail, explores the dynamics that produce emergent behaviour
and clarifies the limits of linear explanation. By doing so, it seeks to provide a coherent
foundation for understanding systems whose behaviour cannot be reduced to the sum
of their parts.
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3 The Character of Complex Adaptive Systems

Complex adaptive systems (CAS) comprise a class of systems whose behaviour arises
from the interaction of multiple agents adapting to one another over time. The defin-
ing features of such systems have been examined across biology, economics, sociol-
ogy, organisational theory and the physical sciences. Although the contexts vary, the
same structural and behavioural properties recur with enough regularity that CAS can
be treated as a distinct ontological category. The following section outlines the core
characteristics of these systems as they have come to be understood in the literature.

3.1 Agents and Local Behaviour

CAS are composed of agents capable of acting on the basis of local information. These
agents may be individuals, teams, departments, organisms, firms or institutions, de-
pending on the domain. What qualifies them as agents in the CAS sense is not intel-
ligence or strategic intent but the possession of rules—formal or informal—that guide
behaviour within their immediate environment. Agents interpret signals, respond to in-
centives, draw on past experience and operate within constraints. Their knowledge is
always partial. No single agent has access to the full state of the system, and the system
does not depend on any one agent’s behaviour for its identity.

Local behaviour matters because system-level outcomes reflect the aggregation of many
such decisions. Patterns in a CAS therefore emerge from distributed action rather than
from central design. Heterogeneity among agents—differences in goals, constraints,
identities, heuristics or capacities—plays an essential role. It creates diversity in the
system’s responses, contributes to resilience and enables exploration of multiple be-
havioural pathways simultaneously. Homogeneity, by contrast, tends to reduce adapt-
ability and increase fragility.

3.2 Interactions and Interdependence

The interactions between agents shape the system’s evolution. These interactions may
take the form of communication, coordination, imitation, negotiation, competition or
conflict. What distinguishes CAS from other systems is that interactions typically alter
the context within which subsequent actions occur. Agents influence one another’s op-
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portunities, expectations and constraints. The behaviour of any one agent depends on
the behaviour of others, creating networks of interdependence that evolve over time.

Interdependence implies that outcomes cannot be traced to a single cause. Instead,
system behaviour arises from recursive interactions that amplify or attenuate one an-
other. Even where formal authority exists—as in hierarchies or regulated environments—
its effects depend on how directives, incentives and information are interpreted locally.
The distributed nature of influence means that attempts to steer the system from the
top encounter the mediating effects of local interpretation and interaction.

3.3 Feedback Processes

Feedback processes are central to CAS. Through feedback, the consequences of an ac-
tion modify the conditions under which future actions are taken. Reinforcing (posi-
tive) feedback amplifies change: small shifts accumulate, advantages compound and
patterns strengthen over time. Balancing (negative) feedback counters deviation and
stabilises behaviour around an attractor. CAS often contain multiple feedback loops op-
erating simultaneously, and their interplay produces dynamic patterns not easily pre-
dicted from the properties of individual agents.

Feedback processes in CAS frequently involve delays. Consequences may materialise
only after significant time has passed, creating the appearance of stability or disorder
untilunderlying adjustments manifest. Because agents adapt to the effects of feedback,
the loops themselves may change, leading to new dynamics not present at the system'’s
inception. These properties distinguish CAS from mechanical systems, where feedback
is engineered to behave consistently.

3.4 Non-linearity

Non-linearity is a defining property of CAS. In non-linear systems, the relationship be-
tween cause and effect is not proportional. Minor interventions may produce large
consequences if they occur at points of high leverage—locations in the system where
reinforcing feedback is strong or where the system is close to a transition. Conversely,
large interventions may have little effect if they are absorbed or counteracted by sta-
bilising dynamics.

Non-linearity complicates prediction because outcomes reflect not only the size of an
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intervention but its timing, location and interaction with existing patterns. The same
intervention introduced at different points in time may produce distinct results. CAS
therefore resist analysis based on simple extrapolation. The system’s response depends
on the configuration of relationships at the moment of intervention, not solely on the
intervention itself.

3.5 Emergent Behaviour

Emergent behaviour arises when interactions among agents generate system-level pat-
terns that are not properties of the agents themselves. These patterns—such as norms,
routines, conventions, markets, ecosystems or organisational cultures—develop over
time and exert influence back on the agents. Emergence is not an epiphenomenon but
a central feature of CAS. It explains why such systems develop forms of order that are
neither imposed nor accidental.

Emergent phenomena are often stable, but not immutable. They can shift when under-
lying interactions change, when new agents enter the system or when existing feedback
structures weaken. Because emergent behaviour arises from interaction rather than
intent, it may diverge from the preferences of individual agents. A familiar example
is organisational culture: shaped by countless local interactions, rarely designed con-
sciously, yet influential in shaping how work proceeds.

3.6 Adaptation and Learning

Adaptation refers to changes in agent behaviour that arise from experience. In bio-
logical CAS, adaptation may occur through evolution, learning or immune response. In
social and organisational systems, it may take the form of revised heuristics, altered
routines, innovation, imitation or the abandonment of ineffective strategies. Adapta-
tion is not necessarily progressive. Systems can develop maladaptive behaviours just
as easily as helpful ones, depending on what is rewarded or reinforced.
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Learning occurs when agents update their internal models of the environment. This may
be explicit, as in formal training or deliberate experimentation, or implicit, as in tacit
knowledge or habitual adjustment. Learning shapes future interactions and modifies
the system’s trajectory. Because learning is distributed, different parts of the system
may learn at different rates or in different directions, creating divergence in behaviour
and expectations.

3.7 Self-organisation

Self-organisation describes the formation of structured patterns without central coor-
dination. In CAS, order arises because interacting agents align their behaviour around
patterns that prove stable or efficient under prevailing conditions. Examples range from
the spontaneous emergence of informal networks to the alignment of behaviour in mar-
kets, ecosystems or professional communities.

Self-organisation does not imply randomness or the absence of structure. Rather, it in-
dicates that structure is endogenous: it arises from within the system as agents adapt
to local conditions. Formal structures in organisations often co-exist with informal ar-
rangements that emerge through practice. Understanding a CAS requires attention to
both: what is designed and what has evolved.

3.8 Attractors and System Tendencies

CAS often display attractors—states or patterns toward which the system gravitates.
These attractors may take the form of norms, routines, equilibrium points or repeated
cycles. Once established, they exert a stabilising influence by pulling behaviour back
toward familiar patterns.

Attractors help explain why systems revert to characteristic behaviours even after delib-
erate interventions. They indicate the system’s tendencies under prevailing conditions.
Shifts in attractors occur when feedback loops alter, when constraints change, or when
new interactions introduce dynamics that weaken existing patterns. Understanding a
CAS therefore involves identifying its attractors and the conditions under which they
change.

16 associates




3.9 History, Memory and Path Dependence

CAS possess memory embedded in their structures, routines, narratives and relation-
ships. Past events shape present behaviour, not only through formal records but through
tacit expectations and institutional habits. This distributed memory creates path de-
pendence: early events or decisions constrain future possibilities, sometimes long after
their original rationale has faded.

Historical layering means that CAS cannot be reset or redesigned from first principles
without consequences. New policies, strategies or reforms interact with existing rou-
tines and identities, producing outcomes shaped as much by history as by current in-
tent. Path dependence therefore represents both a source of coherence and a constraint
on adaptation.

3.10 Coherence and System Identity

Coherence refers to the degree of alighment among a system’s identity, incentives, in-
formation flows and interactions. A coherent system behaves in ways that are intelli-
gible and internally consistent, even under pressure. An incoherent system produces
contradictions, fragmentation or instability. Coherence does not imply uniformity; it
reflects the compatibility of meaning-making processes and behavioural expectations
across the system.

System identity plays a role in maintaining coherence. Identity encompasses the as-
sumptions, narratives and expectations through which agents interpret their environ-
ment. It shapes what the system attends to, what it rewards and what it resists. Identity
evolves over time but tends to retain elements of its history. Understanding coherence
therefore requires attention to both structural alignment and the interpretive frames
through which agents understand their actions.

Taken together, these characteristics define CAS as systems whose behaviour arises
from distributed interaction, adaptation and the accumulation of historical patterns.
They provide the foundation for analysing why such systems often resist linear expla-
nation and why interventions produce outcomes that differ from their intent. The next
section examines the implications of these properties for causality, explanation and
prediction in complex environments.
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4 Causality, Explanation and the Limits of Prediction in CAS

The properties outlined in the previous section have significant implications for how
causality and explanation are understood in complex adaptive systems. Traditional
analytical approaches assume that causes and effects can be identified, isolated and
modelled in ways that allow outcomes to be predicted with reasonable confidence. This
assumption holds in simple and many complicated systems, where relationships are
stable and largely decomposable. In CAS, however, causality takes a different form. It
is distributed, recursive and historically contingent. The system’s behaviour cannot be
reduced to a sequence of discrete, independent events.

41 Distributed Causality

In CAS, effects arise from the interaction of multiple agents whose behaviour is itself
shaped by the system’s evolving conditions. No single action or decision determines
an outcome. Instead, outcomes reflect patterns of interaction distributed across the
system. Causality operates through networks rather than through linear chains. An
intervention introduced at one point propagates through a web of interdependent re-
lationships, encountering local rules, identities, incentives and constraints that modify
its trajectory.

This distributed causality means that any given outcome may have multiple contributing
factors, none of which can be said to be decisive on their own. Attempts to attribute out-
comes to simple causes risk oversimplification. The behaviour of the system emerges
from a configuration of factors that interact over time, often reinforcing or counteracting
one another in ways that defy linear explanation.

4.2 Recursive and Dynamic Causality

Causality in CAS is also recursive: actions influence conditions, and conditions mod-
ify future actions. This circularity differs from the unidirectional causality assumed in
linear models. Feedback processes ensure that cause and effect are intertwined. An
agent’'s behaviour today may alter the environment in subtle ways that shape the deci-
sions of other agents tomorrow, which in turn feed back to influence the original agent.

As these recursive effects accumulate, the structure of the system itself may change.
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Patterns of interaction become stronger or weaker; norms consolidate or erode; ex-
pectations shift. Because the system evolves, the causal structure at one moment may
differ from that of a later moment. What caused a particular outcome in the past may
not cause the same outcome in the future, even under superficially similar conditions.

This dynamic quality makes retrospective explanation challenging. It is often impossi-
ble to identify a single moment at which change “began” or a single agent that “caused”
a shift. The system moves through transitions produced by many small interactions
rather than through isolated triggers.

4.3 Sensitivity to Initial Conditions and Context

CAS exhibit sensitivity to initial conditions, but in a manner distinct from chaotic sys-
tems. In chaos, sensitivity arises from deterministic rules that magnify small differ-
ences. In CAS, sensitivity arises because agents adapt to their environment. The same
intervention introduced in two superficially similar contexts can produce divergent out-
comes because agents interpret and respond differently based on their histories, iden-
tities and local conditions.

Context therefore plays a central role in shaping outcomes. The significance of an in-
tervention cannot be understood independently of the configuration of the system at
the moment it is introduced. Local norms, informal networks, resource constraints, in-
stitutional memory and current narratives all influence how the system responds. This
contextual dependence weakens the applicability of generalised predictions.

4.4 Emergence and the Challenge for Explanation

Emergent phenomena in CAS complicate explanation further. When system-level pat-
terns arise from the interaction of many agents, the patterns may appear coherent even
though no agent intended them. These phenomena cannot be explained solely by ex-
amining individual behaviour. Instead, explanation must account for how distributed
interactions generate emergent structures that subsequently influence agents.

Thisrequirement introduces a dual perspective: explanations must consider both micro-
level behaviour and macro-level patterns. Neither level can be privileged. Micro-level
analysis without attention to system-level structure produces explanations that miss
the dynamics that organise behaviour. Macro-level analysis without attention to lo-
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cal rules and interactions produces abstractions that obscure the mechanisms through
which patterns arise.

Emergence therefore shifts explanation from identifying discrete causes to understand-
ing generative processes.

4.5 The Limits of Prediction

Given the properties described above, prediction in CAS faces intrinsic constraints. Be-
cause agents adapt, because interactions are recursive and because the system evolves,
future states cannot be forecast with precision. This does not mean that CAS are unpre-
dictable in a random sense. Rather, they are predictable only within ranges, tendencies
or qualitative patterns.

The limits of prediction arise from several sources:

o

% Adaptive behaviour: agents change their actions in response to conditions that
themselves change.

7
°o*

Non-linearity: small changes may have large effects, and large interventions may
produce minimal impact.

R
°

Distributed causality: multiple interacting causes preclude simple forecasting.

Y
L X4

Historical dependence: past events constrain future behaviour in ways that cannot
always be quantified.

< Contextual specificity: the system’s response depends on the precise configuration
of relationships at the moment of intervention.

These factors set boundaries on what prediction can achieve. While patterns, attrac-
tors and tendencies may be identifiable, precise forecasts of system behaviour over ex-
tended time horizons remain infeasible. Attempts to enforce linear predictive models
onto CAS typically produce unreliable results or unintended consequences.

4.6 Explanation as Interpretation

The constraints on prediction shift the role of explanation in CAS. Instead of focusing
on the identification of discrete causal factors, explanation becomes a matter of in-
terpreting patterns of interaction, feedback and adaptation. It involves tracing how
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behaviours accumulate, how norms and routines form, how incentives shape interpre-
tation and how historical layers influence present behaviour. Explanation becomes less
about isolating causes and more about understanding the processes through which be-
haviour emerges.

This interpretive approach does not diminish rigour. On the contrary, it demands care-
ful attention to structure, history and context. It also demands humility. CAS resist
definitive accounts because their trajectories are shaped by many small interactions,
each embedded in particular conditions.

4.7 Implications for Intervention

The nature of causality in CAS has implications for practice. Interventions cannot be
treated as linear levers that produce proportionate effects. Their outcomes depend on
how they interact with the system’s structure, its feedback loops and the behaviour
of agents. Because causality is distributed and dynamic, interventions must be ap-
proached as experiments whose effects unfold over time. They require monitoring, ad-
justment and sensitivity to emerging patterns.

Recognising the limits of prediction encourages a shift from attempts at control to ef-
forts to influence the conditions under which the system evolves. Rather than specify-
ing outcomes, practitioners focus on shaping constraints, incentives, information flows
and interpretive frames. This approach aligns intervention with the system’s dynamics
rather than opposing them.

Causality in CAS therefore differs in kind from causality in simple or complicated sys-
tems. It is distributed, recursive and historically conditioned, producing behaviours
that cannot be anticipated through linear reasoning. The next section considers how
these properties shape the evolution of CAS over time, focusing on stability, drift and
transitions in system behaviour.
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5 Stability, Drift and Evolution

Complex adaptive systems evolve through processes that cannot be captured by static
models of structure or behaviour. Their stability, transitions and long-term trajectories
emerge from the interaction of agents, feedback loops, historical layers and the system’s
evolving patterns of coherence. This section examines the mechanisms through which
CAS sustain stability, experience drift and undergo qualitative shifts in behaviour.

5.1 Stability as Dynamic Equilibrium

Stability in a CAS does not imply stillness or the absence of change. Rather, it reflects
a dynamic equilibrium in which ongoing adaptation occurs within a pattern that re-
mains recognisable over time. Agents adjust their behaviour, feedback loops operate
and interactions continue, yet the overall configuration persists. This form of stabil-
ity arises from balancing feedback processes, institutionalised routines, social norms,
established narratives and the alignment of expectations among agents.

Such stability can be robust or fragile. In some systems, multiple reinforcing processes
maintain coherence even under significant pressure. In others, stability depends on
a narrow set of conditions that, once altered, destabilise the pattern. Because CAS
stability is emergent, not engineered, it cannot be guaranteed. It reflects the contingent
balance of forces shaping interactions at a particular moment.

5.2 The Nature of Drift

Drift refers to gradual, often unnoticed changes in a system’s behaviour, structure or
identity. It arises when small adjustments accumulate over time, eventually altering
the system’s trajectory. Drift is neither intentional nor centrally coordinated. It emerges
through adaptation, shifting routines, gradual reinterpretation of norms and the incre-
mental influence of new agents or constraints.

In organisational or institutional settings, drift may take the form of mission drift, changes
in professional identity, altered decision pathways or the quiet erosion of once-prominent
practices. Because drift unfolds through subtle adjustments rather than explicit deci-
sions, it often remains invisible until its effects have consolidated. Recognising drift
requires sensitivity to patterns of behaviour that diverge from historical expectations
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and to the gradual reconfiguration of incentives, attention and interpretation.

Drift is an intrinsic feature of CAS. As agents learn, as conditions evolve and as feed-
back processes shift, the system’s behaviour changes even in the absence of formal
intervention. Drift can be beneficial, enabling innovation and adaptation, or detrimen-
tal, leading to misalignment, incoherence or the loss of crucial capabilities. Its direction
depends on the underlying dynamics rather than on deliberate intent.

5.3 Transitions and Phase Shifts

While drift is gradual, CAS also undergo transitions in which behaviour changes more
sharply. These transitions resemble phase shifts: the system reorganises around a
new pattern, often in response to accumulated pressure, weakened feedback loops or
changes in the constraints under which agents operate. Such shifts may be triggered by
external shocks, but they also occur endogenously when reinforcing processes reach a
threshold or when balancing processes lose effectiveness.

Transitions are rarely linear. They typically involve periods of instability during which
multiple behavioural patterns compete before a new configuration becomes dominant.
The system’s history shapes which patterns are more plausible or resilient, as past
choices constrain available pathways. These transitions often appear sudden, yet they
are the product of long-standing dynamics that eventually coalesce into observable
change.

The difficulty in predicting transitions arises from their dependence on local interac-
tions. Small changes in expectations, interpretation or incentives can alter the balance
of forces and tip the system into a new regime. Because these changes accumulate in
distributed ways, the moment of transition may be identifiable only in retrospect.

5.4 Attractors and the Evolution of System Behaviour

Attractors play a central role in guiding the evolution of CAS. They represent patterns
of behaviour toward which the system tends under given conditions. Attractors may be
stable, oscillatory or transient. Stability arises when feedback loops reinforce behaviour
within a particular configuration. Oscillation arises when balancing feedback and delays
create cycles of adjustment. Transient attractors arise when the system passes through
intermediate patterns on the way to a more enduring configuration.

23 associates




The evolution of a CAS depends on how its attractor landscape changes. New attrac-
tors may form when interactions shift or when new agents, technologies or norms alter
system dynamics. Existing attractors may weaken as historical patterns lose relevance
or as feedback processes decay. When attractors weaken or when multiple attractors
become equally plausible, the system enters a period of heightened sensitivity in which
small perturbations may influence the direction of future behaviour.

Understanding a CAS therefore involves attending not only to its current patterns but
to the forces that maintain or erode its attractors. These forces include changes in
incentives, information flows, institutional memory, resource distribution and meaning-
making processes.

5.5 Historical Layering and Evolutionary Trajectories

The evolution of CAS is heavily shaped by historical layering. New patterns rarely re-
place old ones cleanly. Instead, layers accumulate, resulting in hybrid structures in
which older routines, identities and norms persist alongside newer practices. This lay-
ering creates both continuity and constraint. It preserves coherence but also limits the
system’s ability to move into radically different configurations.

Evolutionary trajectories in CAS are therefore path dependent. Early events exert dis-
proportionate influence, shaping the space of possible futures. Seemingly minor deci-
sions may solidify into durable structures when reinforced by feedback or embedded
in routines. Once established, these structures influence interpretation, behaviour and
the distribution of power or resources.

Because evolution in CAS depends on accumulated history, it tends to be incremental
rather than revolutionary. Even when rapid transitions occur, they emerge from con-
ditions shaped by earlier dynamics. Understanding a CAS requires attention to these
historical layers and to the ways in which they interact with present behaviour.

5.6 Coherence, Fragmentation and Reconfiguration

Coherence influences how CAS evolve. Systems with high coherence—where identity, in-
centives, information flows and interactions align—tend to evolve along stable trajecto-
ries. Their patterns of behaviour remain recognisable, even as adaptation occurs. Sys-
tems with low coherence are more vulnerable to fragmentation. Divergent expectations,
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conflicting incentives or inconsistent narratives can lead to competing behavioural pat-
terns that struggle for dominance.

Fragmentation increases the likelihood of instability or incoherence. It creates condi-
tions under which transitions occur more readily, though not always in desirable di-
rections. Reconfiguration becomes possible when coherence weakens, but its outcome
depends on the distribution of influence, the strength of existing attractors and the
system’s capacity for collective interpretation.

Sustained evolution therefore depends on maintaining sufficient coherence while al-
lowing for adaptation. Too much rigidity leads to brittleness; too little coherence leads
to drift or fragmentation. The balance between these tendencies shapes the system'’s
long-term trajectory.

The evolution of complex adaptive systems is characterised by the interplay of stabil-
ity, drift and transition. These dynamics arise from distributed interaction, historical
layering and the shifting patterns of coherence that guide behaviour over time. The
next section examines how these evolutionary dynamics influence the prospects and
constraints of intervening in CAS, with particular attention to the relationship between
structure, agency and unintended consequences.
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6 Intervention, Unintended Consequences and Boundaries
of Influence

The properties described in earlier sections shape not only how complex adaptive sys-
tems behave but also how they respond to intervention. In simple and many compli-
cated systems, interventions can be designed around predictable cause-effect relation-
ships. Complex adaptive systems resist this logic. Because their behaviour arises from
distributed interaction, adaptation and historical layering, interventions often produce
outcomes that diverge from their intent. Understanding the boundaries of influence in
CAS therefore requires a perspective that interprets intervention as part of the system’s
evolutionary dynamics rather than as an external imposition.

6.1 Interventions as System Events

In CAS, interventions do not stand apart from the system. They become part of the
system’s history the moment they occur. An intervention introduces new signals, in-
centives, expectations or constraints, all of which agents interpret according to their
local rules, identities and histories. The effects of the intervention propagate through
existing relationships and feedback loops rather than through the formal design of the
intervention itself.

This means that the meaning and impact of an intervention are shaped by the system
rather than by the intentions behind it. Two interventions that are identical in design
may have markedly different consequences depending on timing, context, historical tra-
jectory and prevailing patterns of interaction. Interventions therefore function as sys-
tem events, whose significance is determined by the evolving configuration into which
they are introduced.
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6.2 The Problem of Linear Assumptions

Traditional approaches to planning and control assume that outcomes can be engi-
neered by specifying inputs with sufficient clarity. In CAS, this assumption breaks down.
Because causality is distributed and recursive, the system'’s response reflects the be-
haviour of many agents interacting under conditions that themselves change. Inter-
ventions framed around linear assumptions—levers, drivers, incentives, directives—risk
misalignment with the system’s dynamics.

One consequence is that interventions may fail to achieve their aims because they en-
counter countervailing feedback processes or because agents reinterpret the interven-
tion in ways that diverge from its intended purpose. Another is that interventions may
trigger unintended consequences that arise from interactions not anticipated by those
designing the change. These effects are not anomalies but inherent features of inter-
vening in systems characterised by non-linearity and adaptation.

6.3 Patterns of Unintended Consequence

Unintended consequences in CAS typically follow recognisable patterns. One common
pattern is displacement, in which attempts to modify behaviour in one part of the sys-
tem shift pressures or incentives elsewhere, producing effects that may be invisible to
formal monitoring. Another is resistance, where agents adapt to circumvent or neu-
tralise interventions that conflict with existing norms or identities. A third is amplifica-
tion, where interventions inadvertently strengthen reinforcing feedback loops, produc-
ing outcomes opposite to those intended.

These patterns arise because interventions interact with the system’s existing attrac-
tors, feedback loops and historical layers. Even well-designed interventions may pro-
duce outcomes that diverge from their goals if they destabilise established patterns or
if they are absorbed into routines that reinterpret their purpose. The challenge is not
merely technical but ontological: the system behaves according to its own dynamics,
not according to the logic of the intervention.
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6.4 Influence Through Conditions Rather Than Control

In CAS, influence arises less from attempting to determine specific outcomes and more
from shaping the conditions under which agents interact. These conditions include the
distribution of incentives, the flow of information, the structure of relationships, the
system’s narrative environment and the degree of coherence among its components.
By altering these conditions, practitioners can influence the trajectories available to
the system without attempting to dictate exact results.

This approach aligns with the recognition that CAS evolve through adaptation. Inter-
ventions that influence conditions create space for new patterns to emerge. Interven-
tions that attempt to impose detailed outcomes often collide with the system’s internal
dynamics. Influence therefore operates through constraints, signals, affordances and
feedback rather than through command.

6.5 Experimentation and Probing

Given the limits of prediction, experimentation becomes central to intervention in CAS.
Experiments function as probes that reveal how the system behaves under different
conditions. They allow practitioners to observe interaction patterns, assess feedback
processes and identify potential leverage points. Experiments are most effective when
they are small in scale, reversible where possible and sensitive to weak signals.

The logic of experimentation acknowledges that the system will respond in ways that
cannot be fully anticipated. It therefore emphasises learning over certainty, interpreta-
tion over prescription and adjustment over insistence. Experiments contribute to sys-
tem evolution by generating information about what patterns are stable, what patterns
are fragile and what new behaviours emerge when conditions shift.

6.6 The Role of Interpretation

Intervening in CAS requires careful interpretation of system behaviour. Because the
system'’s response depends on distributed interactions, its meaning is not always im-
mediately apparent. Observable outcomes may be misleading, particularly in systems
where delay, layering and competing feedback loops obscure underlying dynamics. In-
terpretation requires attention to context, history, the system’s coherence state and the
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meaning-making processes through which agents understand their environment.

Interpretation also involves recognising that interventions may be read differently in
different parts of the system. A directive may be seen as clarifying in one area and
destabilising in another. A new policy may reinforce norms in one professional group
while threatening them in another. Understanding these interpretive differences is es-
sential for anticipating how interventions will unfold.

6.7 Boundaries of Influence

CAS cannot be controlled in the conventional sense. The system’s autonomy arises
from distributed agency, emergent order and adaptive behaviour. Practitioners there-
fore face inherent boundaries on their ability to shape outcomes. These boundaries do
not render intervention futile; they redefine its nature.

Influence becomes a matter of working with the system’s dynamics rather than against
them. Itinvolves identifying which patterns are sufficiently coherent to be stable, which
are fragile, which are drifting and which are poised for transition. It also requires an ap-
preciation of historical constraints and an understanding of how the system interprets
signals. Within these boundaries, influence can be significant, but it remains contingent
and context-dependent.

Intervention in CAS is therefore an exercise in navigating distributed causality, emergent
behaviour and evolving historical patterns. Outcomes reflect the interaction of multiple
forces rather than the design of any single intervention. The following section examines
how these dynamics shape the practical challenges of working within complex systems
and considers the implications for leadership, stewardship and systemic change.
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7 Practice, Interpretation and Systemic Constraints

The preceding sections have described the structural and behavioural properties of
complex adaptive systems and the challenges they pose for causality, explanation and
intervention. This section turnsto the practical question of what it means to work within
such systems. Practice in CAS is shaped not by the availability of precise levers or pre-
dictive models but by the ability to interpret evolving patterns, navigate structural con-
straints and exercise influence within inherent limits. Effective action requires sensitiv-
ity to the system’s internal dynamics, historical layers, coherence state and interpretive
environment.

71 Interpreting System Behaviour

Working within a CAS depends fundamentally on interpretation. Because observable
events are often the surface expression of deeper interaction patterns, interpreting
them requires attention to context, history and relational structure. Signals may be am-
biguous or contradictory. Patterns may shift gradually or remain latent until triggered
by external or internal pressure. Interpretation therefore involves assessing which be-
haviours represent stable tendencies, which represent momentary disturbances and
which may indicate the early signs of drift or transition.

This work of interpretation is distributed across agents. Individuals and groups form un-
derstandings of the system based on their local experience, professional norms, iden-
tities and incentives. These understandings influence behaviour, which in turn shapes
the system’s trajectory. Working effectively therefore requires recognising not only how
the system behaves, but how it is understood by those within it. Divergent interpreta-
tions can become sources of incoherence or catalysts for change.

7.2 Navigating Structural Constraints

CAS impose structural constraints that shape the possibilities for action. These con-
straints arise from institutional routines, formal and informal hierarchies, cultural norms,
resource flows, regulatory frameworks and historical commitments embedded in the
system’s architecture. Such structures cannot be altered quickly, if at all; they define
what forms of behaviour are viable, encouraged or suppressed.
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Practitioners must therefore work with, rather than against, the system’s structural re-
alities. Efforts that disregard structural constraints risk dissipating energy or trigger-
ing resistance. Efforts that align with existing constraints, or that subtly modify them
through experiments and adjustments, have a greater chance of influencing the sys-
tem’s evolution. Recognising which constraints are rigid and which are malleable is a
central aspect of practice in CAS.

7.3 The Role of Attention and Meaning

CAS are influenced not only by formal structures but by patterns of attention and mean-
ing. What the system notices—what it treats as salient or ignorable—shapes behaviour.
Agents act based on what they believe matters, and these beliefs are shaped by narra-
tives, professional identities, institutional memory and the interpretive frames through
which signals are understood.

Shifts in meaning can therefore alter the system’s trajectory. Changing how a problem
is framed may change which solutions are perceived as legitimate or desirable. Altering
what the system pays attention to may reveal hidden dynamics or bring neglected issues
into view. Because attention and meaning are distributed, these shifts occur gradually
and through interaction rather than through directive. Yet once established, they can
have significant influence over behaviour.

7.4 Working With Feedback Processes

Feedback processes are central to CAS behaviour, but they are not always visible from
within the system. Delays, informal networks and tacit routines can obscure how actions
propagate. Practitioners therefore need to understand how reinforcing and balancing
loops operate in practice, not merely in theory.

Reinforcing loops may strengthen patterns such as professional norms, habitual re-
sponses or institutional priorities. Balancing loops may correct deviations or absorb
disturbances. Working within a CAS involves recognising which loops maintain coher-
ence, which loops contribute to drift and which loops may be leveraged to influence
emerging patterns. Interventions that strengthen or weaken key feedback processes
can shape the system’s evolution even when direct control is limited.
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7.5 Temporal Dynamics and Patience

Because CAS evolve over time through distributed interactions, their trajectories do not
respond immediately to intervention. Effects often unfold slowly, filtered through rou-
tines, norms and histories. Premature judgments can misinterpret early signals, either
by attributing significance where none exists or by overlooking subtle changes that ac-
cumulate into drift or transition.

Patience therefore becomes a practical requirement. Understanding whether a pattern
represents noise, adjustment or the early stages of a shift requires sustained observa-
tion. Action must be coupled with an awareness of timing, recognising that the system
may require extended periods before new patterns consolidate or before destabilised
patterns resolve into coherent alternatives.

7.6 The Constraint of Agent Perspectives

Individuals and groups in a CAS operate with partial information, shaped by their local
environment. No single agent, regardless of expertise or authority, has a complete view
of the system. Attempts to act from the standpoint of total oversight risk misunder-
standing the system’s distributed nature.

Working effectively requires acknowledging the limits of one’s own perspective and
recognising the perspectives of others as part of the system’s interpretive capacity.
This does not imply equivalence of views; some perspectives will be more informed
or aligned with system dynamics than others. But it does imply that coherence arises
from interaction across perspectives rather than from uniformity or unilateral authority.

7.7 Practical Boundaries and Systemic Possibilities

The boundaries of influence in CAS shape what forms of action are viable. Practitioners
cannot control the system in a linear sense, nor can they predict outcomes with pre-
cision. They can, however, influence the conditions under which the system evolves.
This influence includes shaping attention, modifying constraints, altering incentives,
strengthening or weakening feedback loops, adjusting interpretive frames and intro-
ducing experiments that help the system learn.
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These possibilities operate within systemic limits. Strong attractors, entrenched narra-
tives, rigid structures or deeply layered histories may constrain how far the system can
move without significant disruption. Recognising these limits enables practitioners to
focus on viable pathways rather than on desired but unattainable outcomes.

Working within complex adaptive systems therefore requires an orientation toward in-
terpretation, experimentation and structural sensitivity. It demands an understanding
of the system’s dynamics, an appreciation of historical layering and a recognition of
the distributed nature of agency and meaning. The next section considers the impli-
cations of these insights for leadership and stewardship, examining how individuals
and institutions can engage responsibly with systems whose behaviour emerges from
interaction rather than from design.

8 Leadership, Stewardship and Responsibility

The dynamics described in earlier sections reshape the meaning and practice of lead-
ership in complex adaptive systems. Leadership cannot be understood as the exercise
of unilateral control or the application of predefined solutions to predefined problems.
Instead, it takes the form of stewardship: a responsibility for shaping conditions, inter-
preting patterns and supporting the system’s capacity to evolve without destabilising
its coherence. This section examines the nature of leadership in CAS and the forms of
responsibility appropriate to systems whose behaviour emerges from distributed inter-
action rather than from central direction.

8.1 Leadership as a Systemic Function

In CAS, leadership is not the property of individuals but a systemic function that arises
from interaction. Individuals may hold formal authority, but authority does not guaran-
tee influence. Influence depends on how actions resonate with the system’s structure,
narratives, incentives and historical layers. Leadership therefore emerges when actions,
interpretations or signals help the system navigate complexity, rather than when they
impose predetermined outcomes.

This systemic view does not diminish the role of individuals. Instead, it situates in-
dividual action within the system’s dynamics, recognising that leadership arises when
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individuals contribute to coherence, learning or constructive adaptation. The empha-
sis shifts from directing behaviour to influencing the conditions under which behaviour
emerges.

8.2 Stewardship and the Ethics of Influence

Stewardship captures the distinctive responsibilities of leadership in CAS. Stewardship
acknowledges both the limits of control and the significance of influence. It requires
an understanding that interventions, even when well intentioned, become part of the
system’s history and may produce outcomes that diverge from their aims. Stewardship
therefore involves humility, sensitivity to context and a commitment to understanding
how the system interprets and absorbs action.

At its core, stewardship is ethical. Actions taken within a CAS affect not only immediate
outcomes but the system’s longer-term trajectory. They shape norms, expectations,
professional identities and the distribution of risks and opportunities. Responsible
leadership therefore involves attention to unintended consequences, an awareness of
structural constraints and a willingness to work with the system’s dynamics rather than
against them.

8.3 Sense-Making and Interpretive Responsibility

Because CAS behaviour must be interpreted rather than predicted, leadership involves
responsibility for sense-making. This responsibility extends beyond personal under-
standing to the interpretive environment of the system. Leaders shape how situations
are framed, which signals are treated as meaningful and which narratives guide collec-
tive interpretation.

Interpretive responsibility does not equate to controlling meaning. It involves creating
space for multiple perspectives, recognising the limits of individual understanding and
supporting the system’s capacity to reflect on its behaviour. Effective sense-making
draws attention to patterns that might otherwise remain obscured and helps the system
distinguish between transient disturbances and more substantive shifts.
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8.4 Working With Coherence and Constraint

Leadership in CAS engages directly with coherence. Systems with strong coherence tend
to evolve along stable trajectories; systems with weak coherence are more susceptible to
fragmentation. Actions that strengthen or weaken coherence therefore have significant
implications for system behaviour.

Leaders must recognise the constraints that coherence imposes. Attempts to force rapid
change in systems with strong coherence may generate resistance or destabilisation. In
systems with weak coherence, attempts to enforce uniformity may erode local auton-
omy or suppress emergent patterns that contribute to resilience. Leadership involves
understanding how coherence operates and how it may be influenced indirectly through
incentives, meaning, relationships and feedback.

8.5 Enabling Adaptive Capacity

CAS evolve through adaptation. Leadership therefore involves supporting the system’s
capacity to learn, experiment and adjust. This does not require specifying outcomes
but rather enabling the conditions under which learning becomes possible. These con-
ditions include psychological safety, distributed agency, access to information, oppor-
tunities for experimentation and openness to weak signals.

Adaptive capacity is not evenly distributed across a system. Some regions may have
strong traditions of learning; others may be constrained by institutional routines, re-
source pressures or historical commitments. Leadership involves recognising these
variations and supporting conditions that allow adaptation to occur where it is most
needed.

8.6 Responsibility Under Uncertainty

Because outcomes in CAS cannot be predicted with precision, leadership involves re-
sponsibility under uncertainty. Decisions must often be made without full knowledge
of consequences. The challenge is to act in ways that remain sensitive to emerging
patterns, open to adjustment and aware of systemic implications.

Responsibility under uncertainty requires attention to proportionality, timing and re-

versibility. Actions with irreversible consequences require greater scrutiny than those
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that can be adjusted through feedback. Equally, decisions taken at moments of height-
ened instability may shape trajectories in disproportionate ways. Leadership therefore
involves judging when to act, when to observe and when to create space for the system
to self-organise.

8.7 The Limits of Leadership

Recognising the boundaries of influence in CAS is itself a form of leadership. The belief
that outcomes can be engineered through direction alone risks misinterpreting the sys-
tem and generating unintended consequences. Leadership in CAS acknowledges that
outcomes emerge from interaction, that influence is contingent and that control is in-
herently limited.

These limits do not imply passivity. They imply a shift in orientation: from commanding
to stewarding, from predicting to interpreting, from designing outcomes to shaping con-
ditions. Within these limits, leadership can be highly consequential, even if its effects
are distributed, indirect and mediated by the system’s dynamics.

Leadership and stewardship in complex adaptive systems therefore involve responsibil-
ity for interpretation, influence and systemic coherence. They require an understanding
of how behaviour emerges, how meaning is constructed and how interventions become
part of the system’s evolving history. The final section considers the implications of
these insights for the broader challenge of understanding and working with complexity
across domains.
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